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PREFACE

The dialogue between science and religion is one of the most prominent and
visible discourses of our time. The complex but enduring relationship between
the sciences and diverse world religions has now transformed itself into what
some are calling a new scholarly field of science and religion. This multifaceted
conversation has developed into a sustained and dynamic discourse with direct
implications for contemporary culture. This discourse affects all religions, in
both their intellectual and social dimensions. It also analyzes, supports, and
constrains the global impact of the sciences of our times.

The Encyclopedia of Science and Religion reflects the breathtaking scope and
pluralistic character of this ongoing dialogue. It is the most comprehensive work
of its kind, and it is designed to be accessible to a wide readership from high
school students to independent researchers and academics. Anyone fascinated by
the ever-evolving impact of the sciences on religious belief in a global context
will find the Encyclopedia a rich resource, for the historical relationship between
science and religion certainly ranges from harmony and mutual support to stormy
periods of intense conflict.

In the last two decades public awareness of and interest in this complex and
often contentious relationship between science and religion has reached an
unprecedented level. Courses in science and religion are now taught worldwide
at a great number of educational institutions. Centers for the study of science and
religion are actively pursuing the challenges and complexities of this dialogue;
local and international societies for science and religion have been, and are
being, established. There is also an exploding number of publications, journals,
newsletters, and papers. Most recently, the science and religion dialogue has
established an impressive new presence on the Internet.

All of these issues, interests, and constituencies are reflected in the Encyclo-
pedia of Science and Religion. The challenging conversation between the sciences
and religions is highlighted with entries focusing on issues that bear on topics such
as behavioral studies and the human sciences; cognitive science and the neuro-
sciences; computer science and information technology; physical sciences and
cosmology; ecology; ethics and value theory; evolution; genetics; feminist and
womanist issues; mathematics; methodology; medicine; philosophy; biology; pale-
ontology and the anthropological sciences; and technology. World religions as
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PREFACE

varied as BahZ’i, Buddhism, Chinese religions, Christianity, Hinduism, Islam,
Judaism, and Shinto are represented with individual entries or clusters of entries.

There are more than four hundred entries in the Encyclopedia of Science and
Religion, all arranged in alphabetical order for easy reference. The entries range
in length from several thousand words on broad topics, to a hundred words or
so for key terms in the various sciences and religions. The editors see this work
primarily as a reflection on the most important issues in the contemporary dia-
logue between the sciences and religions. A glance over the list of entries, how-
ever, indicates that the Encyclopedia also covers the critical history of the
relationship between science and religion and offers historical biographies of a
select number of important figures. All entries guide readers to further sources of
information and exhaustive cross-references quickly and easily lead to related
topics. The authority of the Encyclopedia is assured by the experts who have writ-
ten the entries. The authors have written so as to make this Encyclopedia acces-
sible for students in general, for the public at large, and for scholars in a variety
of disciplines. In this way we have created a rich reference resource that is well
suited to diverse library environments.

The frontmatter features a Synoptic Outline, covering the complete scope and
every entry of the Encyclopedia of Science and Religion. The purpose of this Out-
line is to make the Encyclopedia even more accessible by grouping all entries into
broad, topical categories. Teachers and readers are offered an organized map of
the whole field of science and religion. In addition, a comprehensive Index pro-
vides readers with yet another means of access to the wealth of information con-
tained in these two volumes, while an Annotated Bibliography of selected works
introduces readers to those published works currently regarded as indispensable
in the field of science and religion.

The editors would like to thank Tan Barbour, one of the most prominent
scholars in the field, for graciously agreeing to act as a consultant at the initial
planning phase of the Encyclopedia of Science and Religion. His advice was
invaluable to us. We also thank the expert staff at Macmillan Reference USA for
their outstanding support throughout this project. We extend our appreciation to
the following persons at Macmillan: Elly Dickason, former publisher of Macmil-
lan, for her initiative and encouragement at the beginning of this project; Michael
McGandy, who was a pleasure to work with, and who guided us with unfailing
professionalism and expertise; Hélene Potter, who oversaw the project with great
vision, and was responsible in the end for pulling everything together; and Judy
Culligan for all her hard work and a very professional level of copy editing. Here
at the Princeton Theological Seminary my assistant Ryan Valentine did an out-
standing job. He devoted a great deal of time developing the database that was
critical to the beginning phase of this project and later assisted in the editing proc-
ess. He was also responsible for preparing the Synoptic Outline and checking all
cross-references. Taede Smedes did a first rate job of helping us put together the
Annotated Bibliography.

The editors, finally, would like to express our deep gratitude to family mem-
bers and loved ones who so consistently acknowledged and supported our work
on this project.

J. WENTZEL VREDE VAN HUYSSTEEN

viii



INTRODUCTION

The publication of the Encyclopedia of Science and Religion is a significant mile-
stone marking the maturation of the contemporary dialogue between the sciences
and religions. Not only does this Encyclopedia offer a massive amount of inter-
disciplinary and interreligious information, but it mirrors one of the most fasci-
nating stories of our time: the emergence of an extensive international discussion
among scientists of various specializations, philosophers of nearly all persuasions,
and religious thinkers from all the major world religions. Spectacular advances in
the sciences no longer easily threaten religions around the world because the
risks and devastating consequences of new technologies have problematized the
formerly unquestioned ideal of scientific progress. Scientific advances still chal-
lenge basic religious convictions, however, and the intellectual representatives of
the world’s religious traditions grapple with scientific knowledge more effectively
and pervasively than ever before, thanks to the science-religion dialogue. Today
sciences as varied as the neurosciences, ecology, and biotechnology raise ques-
tions about human beings and the future of our planetary home, perhaps espe-
cially for those who possess a sense of the divine. Similarly, chaos theory,
quantum mechanics, and the ever-deepening understanding of the role of chance
in biological systems conspire to challenge the notions of ultimate reality and
divine action espoused by religious traditions and sacred texts.

At the same time, partly because of the unwanted side effects of science-
driven technologies, there is a growing conviction that science in itself may never
yield an ultimately satisfying explanation of human life and the world we inhabit.
And yet the information about reality produced by the sciences is invaluable. Per-
haps we have two domains of meaning here, with science and religion each ruler
of its own domain. Or perhaps the structures and patterns of nature disclosed by
the sciences connect with the more elusive yet existentially more immediate
meaning typical of religious faith. Even as the religions of the world grow more
accepting of the sciences, at least some intellectuals are noting how scientific
methods and aims can enhance and perhaps support religious faith. Therefore,
contrary to popular misconceptions, the relationship between the sciences and the
various religions at the beginning of the twenty-first century is not about conflict
or confrontation only. Those who participate actively in this dialogue are often
deeply committed, not only to a specific science, but also to specific religious
beliefs. Even scholars who are agnostic or atheistic are taking the interaction



INTRODUCTION

among sciences and the religions seriously because this relationship involves two
of the dominant cultural forces of our time. Complicated and multilayered, the
relationships among the various sciences and diverse world religions are not
merely adversarial, nor simply a matter of neatly separable domains of discourse.

In the West the success and prestige of science has had a fundamental influ-
ence on the way that the voices of popular culture describe our world. As a
result, relationships among the religions and the sciences have often suffered
from what some intellectuals have called the modernist dilemma, where the
objective and universally true claims of science are often unfairly contrasted with
subjective and irrational religious beliefs. This has led to sharp distinctions
between objective descriptions and subjective experiences, between scientific
and symbolic uses of language, and between empirically justified scientific truths
and privately held religious opinions. The appeal of such stark oppositions, how-
ever, has waned. Scientism is the term of approbation used for the attitude that
takes for granted the alleged rational superiority of science and exclusive value
of the scientific method for gaining knowledge. The reductionist views that define
scientism are now being attacked relentlessly by scholars who point out that both
scientific and religious beliefs, in spite of important differences, are historically
and culturally embedded and shaped by comprehensive worldviews. The polar-
ization between inappropriately reified and ahistorical notions of science and reli-
gion is collapsing and in its place is arising an appreciation for the integrity of
diverse discourses and social activities, including those usually called the religions
and the sciences. At least as importantly, scholars are attempting to uncover the
profound rational and historical linkages that connect, as well as individuate, the
religions and the sciences. These historical and philosophical exertions have
shown not only that the great discoveries about the nature and history of the
physical world have affected religious discourses in nearly all their manifestations,
but also that the claims of the various world religions about our capacity to
know, the ultimate meaning of the cosmos, and the place of human beings in an
evolving universe often impact the way scientific inquiry is conducted.

In the contemporary discussion among the religions and the sciences, partic-
ularly as it has transpired in the West, the most influential attempt at representing
the complex relationship between these two cultural forces has been Ian Bar-
bour’s fourfold typology. Barbour describes the different ways that the sciences
have actually related and might possibly relate to the religions as conflict, dia-
logue, independence, and integration. Many subsequent models for relating reli-
gion and science have built on the legacy of this pioneering analysis. Even as
contemporary factors from cultural pluralism to postmodern philosophy suggest
other ways of relating the sciences to religion, Barbour’s typology remains appli-
cable and instructive. The literature today expresses an increasing awareness that
the relations between science and religion can only be properly understood if the
specific cultural, historical, and intellectual contexts have been taken into
account. The vast amount of information collected in this Encyclopedia of Science
and Religion illustrates the richness and complexity of this interpretative task.

The growing conversation between science and religion that emerged with
new vigor in the late twentieth century has a number of striking features. First,
though once considered an esoteric field, the study of the relationship between
science and religion is no longer a highly specialized discourse, open only to the
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few intellectuals who are privy to the complexity of the issues involved. The sci-
ence and religion debate has become a public affair. The active presence of the
debate on the Internet, as well as an explosion of published newsletters, papers,
books, and conferences, further enhances this high public profile. Second,
whereas there are new debates and ideas within science and religion, in many
ways the dialogue extends familiar and longstanding debates known by different
names: “faith and reason” or “faith and culture” (in the West) and “pramana the-
ory” (in South Asian debates on valid sources of knowledge). Third, not only is
the science and religion conversation alive and well in many cultures all over the
world but, as this Encyclopedia clearly shows, a number of academic centers and
scholarly associations now concentrate their considerable intellectual and finan-
cial resources on issues at the interface of science and religion. The discussion
among the sciences and the religions has also found a permanent place in
schools, colleges, seminaries, and universities. Courses in religion and science are
now taught on all academic levels throughout the world, complemented by a
number of high-profile endowed chairs in the field. Finally, one of the most
important milestones in this ever-growing field was the founding of the Interna-
tional Society of Science and Religion in August 2002 in Granada, Spain.

The Encyclopedia of Science and Religion is directed mainly at students and
their teachers. They will find all of the most important issues in this field
addressed in an accessible and inclusive manner. Outstanding experts from
around the world have contributed to the Encyclopedia. The comprehensive list
of entries focuses on the principal sciences and the major scientific discoveries of
our time and on all the challenging and controversial topics that have emerged
from this context and have affected the world religions in different ways. Both
historical and contemporary issues in science and religion are treated under the
headings of the major world religions. The religions represented here include
Buddhism, Baha’i, Chinese religions (Confucianism and Daoism), Christianity
(Anglican, Evangelical, Lutheran, Orthodox, Pentecostalism, Radical Reformed,
Reformed, Roman Catholic), Hinduism, Islam, Judaism, and Shinto. The various
sciences represented in the entries of this Encyclopedia cover a wide spectrum of
disciplines, such as behavioral studies and the human sciences; cognitive science
and neuroscience; computer science and information technology; cosmology;
ecology; evolutionary sciences; genetics; primatology; mathematics; medicine;
the physical sciences (including chemistry and physics); and the life sciences
(including biology, paleontology, and the anthropological sciences). There is also
a series of entries on relevant disciplines within the humanities, including ethics
and value theory; feminism; philosophy (including methodology, epistemology,
philosophy of science, philosophy of religion); theology and religious thought;
and technology.

There are interesting, if controversial, reasons why Christian theologians have
often taken the lead in discussing the relationship of the sciences to the religions.
An unfortunate side effect of this leadership is that, at certain times and places in
recent decades, the dialogue has seemed limited by the caricature that only Chris-
tianity fostered modern science. But this version of events is historically inaccurate
and deeply misleading. The evidence is that all religious traditions and all forms
of scientific work have something to gain as well as lose in the process of mutual
interaction, and the historical record demonstrates profound and longstanding
engagement between science and religion in all literate cultures. Selecting entries
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and authors to express this guiding conviction and to represent the truly global
character of the dialogue has been one of the main goals of this Encyclopedia.

The Encyclopedia of Science and Religion highlights for our readers the
dynamic and ongoing discussion among the religions and the sciences, and
demonstrates that it is both possible and fruitful to bring together the spectacular
success of science and the wisdom of religion in a constructive interchange. In
doing this, the difficult but exciting interdisciplinary conversation between sci-
ence and religion moves forward to a more challenging phase of interreligious
dialogue where religions could be in conversation with each other through their
relationship to the sciences. This may go beyond regular interfaith dialogue. If
this can be achieved successfully, the multileveled and comprehensive scope of
this work will serve well the future of the science and religion interchange.

J. WENTZEL VREDE VAN HUYSSTEEN
NIELS HENRIK GREGERSEN

NANCY R. HOWELL

WESLEY J. WILDMAN
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ABORTION

Abortion is the termination of a pregnancy before
the time of extrauterine viability. An abortion ter-
minates the life of the embryo (the fertilized egg
before three months of growth) or the fetus (after
three months). Spontaneous abortions, also called
miscarriages, occur when the fetus or embryo is
spontaneously expelled by the body. An induced
abortion occurs when there is deliberate human
intervention to end the pregnancy. Induced abor-
tions can be accomplished medically or surgically.

Medically induced abortions are accomplished
by giving drugs like mifepristone (RU-486), which
block the work of the hormone progesterone and
soften the lining of the uterus, thus ending the
pregnancy. Medically induced abortions can gen-
erally only be used if the woman is less than seven
weeks from her last menstrual period. Mifepristone
is administered in conjunction with another medi-
cine called misoprostol, which causes the uterus to
cramp and expel the embryo.

Within the first trimester of pregnancy, the
most common form of surgical abortion is vacuum
aspiration. During the second trimester, dilation
and evacuation procedures (D & E) are per-
formed. Finally, stimulating contractions that expel
the fetus from the uterus can also induce abortion.

Ethical issues

Abortion raises significant scientific, legal, reli-
gious, and ethical issues: the understanding of life
and death, the definition of a human person, the

rights of the mother and the fetus, and the impact
of new scientific discoveries on reproduction. Cer-
tain scientific and technological discoveries, in-
cluding stem cell research, cloning, and artificial
reproduction, have complicated the abortion issue.
The status of the fetus is probably the most con-
troversial issue: Is the fetus a person with the same
rights as those who are born? Some argue that the
embryo from the moment of conception has the
same rights as a person extra utero. Others argue
that the early embryo is human life but not a
human person. The political state also has an in-
terest both in the autonomy of the mother and the
health of the baby. Sometimes, the autonomy of
the mother can be in tension with her maternal re-
sponsibility to the fetus.

With the increased use of fertility drugs and as-
sisted reproductive technologies, many patients
can conceive who were unable to conceive in the
past. Some of these technologies may result in high
order multiple pregnancies (with four or more fe-
tuses), which have a substantial risk of the loss of
all fetuses before the period of extra-uterine viabil-
ity (twenty-two to twenty-four weeks gestation).
The parents’ options include carrying all of the fe-
tuses until birth, eliminating all of them, or selec-
tively terminating some fetuses. Selective reduction
may enhance the chance of survival of some fe-
tuses in a high order multiple pregnancy.

Discovery, diagnosis, prevention, and therapy
of certain genetic or medical diseases complicate
decisions surrounding abortion. Parents can now
determine when the fetus is in-utero whether it
carries possible genetic predispositions to diseases
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like cystic fibrosis, Huntington’s chorea, early
Alzheimer’s, and sickle cell anemia. Prenatal test-
ing also allows detection of chromosomal abnor-
malities, such as Down syndrome. Ultrasound,
now widely used during pregnancy, can document
a wide variety of birth defects. Although some of
these problems may be treatable in-utero, in most
cases no therapy is available, and the parents must
decide whether to continue the pregnancy. In ad-
dition, some maternal medical conditions, such as
pulmonary hypertension, may pose a significant
threat to the mother’s life if pregnancy continues.

Physicians, parents, and insurance companies
face difficult decisions about abortion. The human
and economic costs of caring for children with med-
ical or genetic disorders can be great. Opponents of
abortions that are performed to address these prob-
lems raise the concern that the weak and vulnerable
in society will have no rights. There is potential for
discrimination based on genetic information.

Religious views

Religious views on abortion are pluriform, ranging
from those who consider abortion as murder to
those who justify it as a necessary means to an
end. The spectrum of diversity can be found not
only among world religious traditions, but also
within religious traditions. The discussion focuses
primarily on the status and rights of the fetus, the
status and rights of the mother, the role of medical
technology, the value of life (quantity and quality),
the political and socioeconomic concerns sur-
rounding fertility and infertility, and the nature of
what it means to make difficult ethical decisions in
a community of faith.

Judaism, Islam, and Christianity are related
monotheistic religions that use religious texts,
human reason, and teaching authorities for making
ethical decisions. Within and among these three
traditions, there are deep and potentially divisive
views on abortion. For example, some religious
scholars believe that God creates all life. According
to this view, the embryo is a human person en-
dowed with rights from the moment of conception.
To reject this life is to reject the creation of God.
Abortion is considered a sin against life along with
murder, genocide, and self-destruction, and any
destruction of an embryo would be considered sin,
even when done in response to prenatal diagnosis
of genetic disease.

In contrast, some scholars of religion, includ-
ing Daniel Maguire, explain that abortion may be
permissible for many reasons. Maguire points out
in Sacred Choices (2001) that there is only one di-
rect reference in scripture to accidental abortion—
Exodus 21:22, which states that someone who in-
jures a woman and causes her to miscarry must
pay a fine paid to her husband. If the woman dies
from her injuries, however, the punishment for the
person who injured her is death. Clearly, in this
text, the fetus is not considered a person with the
same status as the woman, and abortion would be
permitted for some reasons, such as preventing
extreme fetal abnormalities and saving the life of
the mother.

Judaism. Some Jewish scholars, such as Laurie
Zoloth, connect reproduction to justice. Judaism
takes into account the good of the entire commu-
nity in making decisions about abortion. This ap-
proach derives from Judaism’s root commitment
that every human being is a child of God, born in
the image of God. Reproduction is undertaken not
merely for its own sake, but for the sake of the
community. Abortion is thus permitted for the
woman to avoid disgrace or for health reasons of
both mother and fetus. In some Jewish traditions,
the first forty days of conception are considered
like “water” and the fetus does not have an onto-
logical status of a person.

Islam. The approach from Islam concerning
abortion and contraception has generally been one
that considers the common good of the commu-
nity. Muslims see themselves as vice regents of
God, called to do God’s work in this world. Islam’s
ethical practices are flexible and are often adapted
to political and social climates. As Gamal Serour
points out in The Future of Human Reproduction
(1998), for Muslims abortion can be “carried out to
protect the mother’s health or life or to prevent the
birth of a seriously handicapped child” (p. 196).

Christianity. Within the Christian tradition, per-
spectives on abortion vary dramatically. For exam-
ple, within Roman Catholicism different scholars
draw different conclusions about permitting abor-
tion. Many consider the official Catholic position
on abortion to derive from the 1930 encyclical
Casti Connubii (On Christian Marriage) of Pope
Pius XI and the 1987 Donum Vitae (Gift of Life) of
Pope John Paul II. On the issue of genetic screen-
ing for selective abortion, Donum Vitae states that



“a woman would be committing a gravely illicit act
if she were to request such a diagnosis with the de-
liberate intention of having an abortion should the
results confirm the existence of a malformation or
abnormality.” Furthermore, humans cannot assume
the role of God when using embryos in research
from IVF (in vitro fertilization). Donum Vitae states
that the researcher “sets himself up as the master of
the destiny of others inasmuch as he arbitrarily
chooses whom he will allow to live and whom he
will send to death and kills defenseless human be-
ings.” However, Maguire and others have pointed
out that papal statements on abortion are not con-
sidered infallible and explain that abortion would
be permitted for some reasons.

Protestant denominations vary on their stance
on abortion. Within Protestantism, decisions about
abortion are not made by a central teaching mag-
isterium but within a community of shared dis-
cernment. Denominations such as the Evangelical
Lutheran Church in American and the United
Church of Christ do not take an official stand on
the status of the fetus. Both the fetus and the
mother are taken into account when confronting
decisions concerning abortion. Other Protestant
teachings are more consistent with Roman Catholi-
cism and consider abortion a sin. In some cases,
exceptions are made for the life of the mother.

Asian religions. According to Maguire, Asian re-
ligions like Daoism and Confucianism have under-
stood abortion as a necessity in some cases and
have extended compassion to those involved.
These nontheistic religions emphasize the family
and community as the primary social unit, and de-
cisions about abortion are made within this social
context. Buddhism considers all life as linked and
interdependent, and most Buddhists believe in
reincarnation and understand that life begins at
conception. These beliefs could preclude abortion
at any stage, but many Buddhists permit abortion,
particularly for the sake of the mother. Intention is
central to Buddhist morality and so the action of
abortion must also include the intentions of the
moral actors.

See also BUDDHISM; CHINESE RELIGIONS,
CONFUCIANISM AND SCIENCE IN CHINA; CHINESE
RELIGIONS, DAOISM AND SCIENCE IN CHINA;
CHRISTIANITY, LUTHERAN, ISSUES IN SCIENCE AND
RELIGION; CHRISTIANITY, ROMAN CATHOLIC, ISSUES
IN SCIENCE AND RELIGION; CLONING; DAO;

ABORTION

GENETIC TESTING; HUMAN GENOME PROJECT;
ISLAM, CONTEMPORARY ISSUES IN SCIENCE AND
RELIGION; JUDAISM, CONTEMPORARY ISSUES IN
SCIENCE AND RELIGION; REPRODUCTIVE
TECHNOLOGY; STEM CELL RESEARCH
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ADAPTATION

The term adaptation refers to changes in an or-
ganism’s structure, function, or behavior that in-
crease its ability to live in a particular environment.
As such, adaptation is a central term in the life sci-
ences. The many known examples of animals and
plants adapting to their environment were the basis
for the theories of evolution formulated by Charles
Darwin (1809-1882) and Jean—Baptiste de Lamarck
(1744-1829). Adaptation in the Darwinian sense
describes a process of evolutionary change by nat-
ural selection. In this process the average perform-
ance of the individuals in a population with re-
spect to survival and reproduction is improved.

The term adaptation is also used to describe
the result of the process of evolutionary change
(the state of being adapted) or to describe the “so-
lution” to a problem that is set by the environment.
The word is used this way in the adaptationist
program, which has been criticized for explaining
traits post hoc as having evolved to serve certain
functions. Because the environment of any organ-
ism is continuously changing, the degree of adap-
tation is never optimal, and adaptation is, there-
fore, a never-ending process.

Not all traits in an organism or features of an
organism’s appearance are necessarily the result of
adaptation; they may be by-products of selection
acting on other traits. For example, the increased
brain size in humans is considered to be a side ef-
fect of selection favoring increased body size. Spe-
cific traits can also be the result of adaptations for
other functions that have since changed. For ex-
ample, feathers in birds originally evolved to pro-
vide insulation, and only later were they used for
flying. Physiological adaptations are plastic re-
sponses to the physical environment that occur
within a lifetime and are not inherited by the next
generation. Such adaptations can be of short dura-
tion and reversible, such as the adaptation of the

eye to light and dark, or they may be long-lasting,
such as the increased number of red blood cells in
humans who live at high altitudes.

See also EVOLUTION; FITNESS; LIFE SCIENCES;
SELECTION, LEVELS OF
VOLKER LOESCHCKE

AESTHETICS

Aesthetics is the aspect of axiology that deals with
the intrinsic value found in people’s immediate
sense experiences or their responses to sense ex-
periences: judging them ugly, beautiful, or sub-
lime. Aesthetics, which focuses on the uniquely
particular, contrasts with science, which focuses on
the general laws those particulars illustrate. Aes-
thetic theories can be about experiences of natural
objects and events, but are usually concerned with
art works and artistic creations. Aesthetic judg-
ments are usually said to be disinterested, an en-
joyment of the unique content of an immediate
experience for its own sake. Marxists, postmod-
ernists, and feminist theorists disagree, however,
claiming that all such judgments are expressions of
an interest.

See also AXIOLOGY; BEAUTY; VALUE; VALUE, SCIENTIFIC
GEORGE ALLAN

AFTERLIFE

See LIFE AFTER DEATH

AGE OF THE UNIVERSE

In contemporary scientific cosmology, the age of
the universe is the time that has elapsed since the
Big Bang, which in standard cosmological models
is the past limit to the hotter, denser phases that
are encountered as one goes farther and farther
back into the past. In these models the Big Bang is
a singularity, a region characterized by infinite den-
sity, temperature, and curvature. Quantum gravita-
tional and quantum cosmological treatments of the



Big Bang, using concepts like superstrings, are be-
ginning to provide a more adequate description of
this primordial cosmological epoch, which is often
referred to as the Planck era, during which the
temperature of the universe was above 103 K
(kelvin). Here, classical relativistic gravitational the-
ory (Albert Einstein’s General Relativity) breaks
down. It is from this extremely hot Planck era that
the universe emerges with its three spatial dimen-
sions, its one time dimension, its four basic physi-
cal interactions, and its matter and radiation. Be-
fore that emergence they were all unified in ways
that are not yet completely understood.

A rough upper limit on the age of the universe,
t,, is given by the reciprocal of the Hubble param-
eter now, H,, which gives the rate of expansion of
the universe per unit distance. Thus, ¢, = 1/H,.
Using the currently measured range of values of
H,, t,, is between twelve to sixteen billion years.
Compare this to the very reliable age of the Earth
and the sun, which is about 4.8 billion years. These
ages have been confirmed by a variety of astro-
nomical and isotopic techniques, including the
measurement of the ages of stars in globular clus-
ters (which are very old), and the estimation of
how much uranium has decayed to lead and how
much rubidium has decayed to strontium.

From the point of view of prescientific cultural
and religious traditions, the age of the universe is
the time that has elapsed since the world or the
universe was created. In many traditions the cre-
ation is also taken to be the “event” in which time
itself began. Some of those who interpret the Gen-
esis creation and pre-Abraham historical accounts
literally—as scientifically and historically reliable
documents describing the formation of the uni-
verse and of the world, and earliest human his-
tory—have calculated the age of the world and of
created reality (the universe) to be about 6,000
years, having begun in 4004 B.C.E. This has been
done by counting the generations listed in Genesis
from Adam and Eve to Abraham, and then esti-
mating the number of years from Abraham to
Moses, both of which are fairly well known, to the
present. Experts have disputed this literal ap-
proach, of course, particularly because it is
strongly contradicted by independent bodies of ev-
idence from both the natural and the human sci-
ences. It also fails to recognize the mythological
and legendary character of the relevant Genesis
sources. This does not mean that the Genesis
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sources are not revealing and expressive of impor-
tant truths, but it does mean that those truths are
neither scientific nor directly historical, but rather
religious and theological truths.

The cosmological age of the universe since the
Big Bang, although it certainly has important theo-
logical significance, cannot be interpreted as the
time since the creation of the universe, if universe
is understood to mean all that exists and not God.
There could have been and there could be many
other regions of reality, either completely separate
from or linked with ours only at the Big Bang itself,
which preceded or are older than our observable
universe. Furthermore, it is unclear whether “cre-
ation” or “the first moment of creation” took place
at any definite time. However, it does make some
sense to date the beginning of the observable uni-
verse at the Big Bang, even though the coordi-
nated manifold of primordial quantum events is
not adequately understood.

See also BIG BANG THEORY; COSMOLOGY, PHYSICAL
ASPECTS; SINGULARITY; STRING THEORY
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AGGRESSION

Aggression is behavior or a behavioral urge with
the object of threatening or harming primarily
members of one’s own species. Several theories at-
tempt to explain aggression.

Theories of aggression

The theory of instinct in ethology, as proposed by
Konrad Lorenz (1903-1989), supposes that hu-
mans, like other biological creatures, are so consti-
tuted that they either continuously or periodically
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produce physiological energies that must seek out-
let in certain kinds of species-specific aggressive
behavior. Other ethologists argue that although in-
nate genetic codes, as well as neural and hormonal
processes, account for an aggressive disposition,
there is no reason to assume the existence of ag-
gressive energies. All ethologists agree, however,
that aggression has arisen in the course of evolu-
tion and serves the same basic functions in animals
and humans in regulating the intercourse between
members of a species, although the regulation in-
volves more psychological and cultural aspects
with humans than with other animals.

This assumption is endorsed by sociobiology,
first systematized by Edward O. Wilson (1929- ),
which studies the social behavior of humans using
evolutionary methods. Like ethologists, sociobiolo-
gists presume an innate aggressive disposition in
humans, but sociobiologists define innateness as
the measurable probability that aggressiveness will
develop in a species within a specified set of envi-
ronments, not the certainty that it will develop in
all kinds of environments.

The psychoanalytic drive theory of Sigmund
Freud (1856-1939) resembles the instinct theory of
Lorenz in the assumption that innate drives repre-
sent physiological energies. Freud departs from
Lorenz, however, by assuming that the activity of
the drives does not result in species-specific be-
havior patterns. Freud concluded that two drive
complexes embodied in human beings constitute
the basic sources of all human behavior; these
were the life-building Eros and the life-demolishing
Thanatos, with aggression, directed both outwards
against others and inwards against oneself, as its
central feature.

The theory of needs by Henry Murray
(1893-1988) put forward a list of about twenty
presumably universal human needs, among them
aggression. In need theory there is no place for
physiological energies. If a certain need, such
as aggression, is dominant within a person in
many different situations, it also appears as a per-
sonality trait.

The frustration theory, first presented by John
Dollard (1900-1980) and his colleagues, explains
aggression in a different way. Although aggression
probably is a universal human disposition, aggres-
sive behavior arises only as a reaction to incidents
where purposeful behavior is blocked. Because this

theory can only explain some kinds of aggression,
it was modified by Leonard Berkowitz (1926 ),
who argued that aggression might still be a basic
reaction to frustration.

The theory of learning proposed by Albert
Bandura (1925- ) and others places the origin of
aggression solely in the social environment in as-
suming that aggressive behavior is learned during
life history. Aggression is learned either because it
is rewarded, or at least not sanctioned, and thereby
reinforced. It may also be learned by observing ag-
gressive behavior at home, on the streets, or from
the media and entertainment industries, which
show that aggression is worthwhile because it gets
results, with aggressive people becoming models
for imitation.

There might be elements of truth in all the the-
ories, depending on which kind of aggression is in
question in which kind of context: physical or
mental, intended or reactive, instrumental or spon-
taneous, hostile or teasing, assaulting or defending,
directed toward others or toward oneself, status
demonstration, group conflict, sex, age, per-
sonality, and so on. Innumerable circumstances
may influence the causes of aggression and ag-
gressive behavior may involve a wide spectrum of
explanations.

Aggression as evil

Anger is a faithful partner to aggression. For me-
dieval Christians wrath was one of the seven
deadly sins. Only God could pass judgment on
righteous and unrighteous deeds, and in many
cases anger arises when an offense is experienced
as unjust. This tenet might have left deeper marks
on culture than people are aware of, showing up
in the widespread condemnation of anger and ag-
gression. While moderate anger can instigate con-
structive action, blind anger often leads to destruc-
tive aggression. Yet to psychology and biology
even furious anger and aggression cannot in itself
be sinful, let alone evil. Because aggression is
probably an unavoidable human trait, be it con-
ceived of as innate or acquired, from a scientific
point of view the very occurrence of aggression
cannot be malice, and the absence of aggression
cannot be kindness. For conceptions of good and
evil to make scientific sense, evil must be viewed
as the absence of an attempt to control aggression,
thus preventing love to prevail.



In the animal kingdom human beings alone
are able to curb their natural impulses and their
learned habits, at least to some extent, and to listen
to the voice of conscience, moral qualities that can
be learned and even taught using psychological
techniques. The attempt to curb aggressive behav-
ior might not succeed, which in itself is not evil be-
cause it is bound to happen now and then. Evil is
only the absence of the attempt to curb aggression,
and the absence of remorse at not doing so. In
psychological terms, such remorse could be called
guilt in a more general sense than the concrete
failure of the attempt, due to the conscience,
which in its innermost voice tells a person that
every concrete failure is a sin against the general
good or a sin against love understood as the basic
source of bonding and attachment in personal and
social life. In this way, the concrete failure to curb
aggression makes a person guilty against hu-
mankind, not only against the victim of the con-
crete failure. If a person grasps this idea of aggres-
sive behavior, and yet in defiance and pride does
not attempt to control aggression or seek atone-
ment for the sin of failing to control it, then this
person might be called evil. If so, probably all peo-
ple are evil now and then, and many are evil fairly
often. However, control can take the shape of in-
hibition and aggression can be turned inwards,
which is not always mentally healthy either.

See also ALTRUISM; EVIL AND SUFFERING; PSYCHOLOGY;
SOCIOBIOLOGY
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ALGORITHM

An algorithm is any well-defined procedure for
solving a given class of problems. Ideally, when
applied to a particular problem in that class, the al-
gorithm would yield a full solution. Nonetheless, it
makes sense to speak of algorithms that yield only
partial solutions or yield solutions only some of
the time. Such algorithms are sometimes called
“rules of thumb” or “heuristics.”

Algorithms have been around throughout
recorded history. The ancient Hindus, Greeks,
Babylonians, and Chinese all had algorithms for
doing arithmetic computations. The actual term a/-
gorithm derives from ninth-century Arabic and in-
corporates the Greek word for number (arithmos).

Algorithms are typically constructed on a case-
by-case basis, being adapted to the problem at
hand. Nonetheless, the possibility of a universal al-
gorithm that could in principle resolve all prob-
lems has been a recurrent theme over the last mil-
lennium. Spanish theologian Raymond Lully (c.
1232-1315), in his Ars Magna, proposed to reduce
all rational discussion to mechanical manipulations
of symbolic notation and combinatorial diagrams.
German philosopher Gottfried Wilhelm Leibniz
(1646-1716) argued that Lully’s project was over-
reaching but had merit when conceived more nar-
rowly.

The idea of a universal algorithm did not take
hold, however, until technology had advanced suf-
ficiently to mechanize it. The Cambridge mathe-
matician Charles Babbage (1791-1871) conceived
and designed the first machine that could in prin-
ciple resolve all well-defined arithmetic problems.
Nevertheless, he was unable to build a working
prototype. Over a century later another Cambridge
mathematician, Alan Turing (1912-1954), laid the
theoretical foundations for effectively implement-
ing a universal algorithm.

Turing proposed a very simple conceptual de-
vice involving a tape with a movable reader that
could mark and erase letters on the tape. Turing
showed that all algorithms could be mapped onto
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the tape (as data) and then run by a universal al-
gorithm already inscribed on the tape. This ma-
chine, known as a universal Turing machine, be-
came the basis for the modern theory of
computation (known as recursion theory) and in-
spired the modern digital computer.

Turing’s universal algorithm fell short of Lully’s
vision of an algorithm that could resolve all prob-
lems. Turing’s universal algorithm is not so much a
universal problem solver as an empty box capable
of housing and implementing the algorithms
placed into it. Thus Turing invited into the theory
of computing the very Cartesian distinction be-
tween hardware and software. Hardware is the
mechanical device (i.e., the empty box) that
houses and implements software (i.e., the algo-
rithms) running on it.

Turing himself was fascinated with how the
distinction between software and hardware illumi-
nated immortality and the soul. Identifying per-
sonal identity with computer software ensured that
humans were immortal, since even though hard-
ware could be destroyed, software resided in a
realm of mathematical abstraction and was thus
immune to destruction.

It is a deep and much disputed question
whether the essence of what constitutes the
human person is at base computational and there-
fore an emergent property of algorithms, or
whether it fundamentally transcends the capacity
of algorithms.

See also COMPLEXITY
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ALGORITHMIC COMPLEXITY

Algorithmic complexity measures the computa-
tional resources needed to solve computational
problems. Computational resources are measured
in terms of either time (i.e., number of elementary
computational steps per second) or space (i.e., size
of memory, usually measured in bits or bytes) or
some combination of the two. If computational
devices had unlimited memory and could perform
calculations instantaneously, algorithmic complex-
ity would not be an issue. All real-world comput-
ers, however, have limited memory and perform
calculations at fixed rates. The more time and
space required to run an algorithm, the greater its
algorithmic complexity.

See also COMPLEXITY
WILLIAM A. DEMBSKI

ALTRUISM

Altruism is a modern concept attributed to Auguste
Comte, a French philosopher who founded the
field of sociology in the mid-nineteenth century.
The idea of altruism has antecedents in the early
modern discussion of benevolence and in such an-
cient religious notions as Buddhist compassion and
Christian agape. An important difference is the ex-
plicit focus in altruism on the other as the object of
concern, which, in turn, reflects the sharper focus
on the self that is characteristic of modern self-
consciousness. For Comte, altruism identified the
concern for others that he expected would charac-
terize the positive religion of humanity that was
destined to replace the false religion of the presci-
entific, theological, and metaphysical eras. Al-
though Comte would have been disappointed with
the extent to which altruism has actually flour-
ished, his concept has become an enduring, if am-
biguous, staple of modern Western understanding.

Altruism in biology and sociobiology

The notion of altruism has been accorded a signif-
icant role in biology, and especially in the refine-
ments of sociobiology, where the term has a tech-
nical meaning that narrows the conventional sense
of concern for others in terms of the biological



concentration on reproduction. As, from a biologi-
cal perspective, the point of life is reproduction, al-
truism acquires the meaning of actions that dimin-
ish the reproductive prospects of the altruist, while
enhancing those of the recipient of the action. For
biology and sociobiology, altruism represents
something of an anomaly. Because evolution fa-
vors the development of inclusive fitness, altruism
should have been selected out of existence. But it
is firmly present, in the strictest biological sense, in
whole classes of nonreproductive workers like ants
and bees. Sociobiology has resolved this anomaly
by defining altruism out of existence. What may
look like altruism on the behavioral level may turn
out to be decidedly selfish on the gene level if the
recipient of the altruistic behavior is a relative of
the putative altruist and so shares the same genes.
The concept of kin altruism thus explains the sac-
rifice of reproductive prospects for those who
share the same genes. Cases where the beneficiary
has no identifiable relation are covered by the no-
tion of reciprocal altruism. Here again, what ap-
pears to be altruistic behavior is really selfish be-
cause it is done with the expectation, genetically
speaking, of reciprocal aid that may be required by
the altruist in the future. The imperialism of selfish
genes thus destroys any semblance of altruistic be-
havior at the biological level.

Altruism in social science and ethics

The assumption of the primacy of self-interest that
dominates sociobiology has been questioned in
the social sciences with research into altruism and
helping behavior, and yet here too the self-interest
assumption remains strong. The favored alterna-
tive to a self-interest reading involves a calculative
or caring mutuality, for which expectations of al-
truism may be more detrimental than self-interest.
Altruism represents a morality of service and self-
sacrifice. Critics point out that such a noble and
self-deprecating approach has often been expected
of other people; even when its advocates have
taken it seriously themselves, it can constitute an
individualistic heroism that deflects attention and
action from the real possibilities of mutuality in-
herent in the actual social relations in which peo-
ple find themselves. Approaches as diverse as the
justice procedures of John Rawls (which challenge
one to imagine one is designing a society in which
one does not know where one will be placed so
that one will have to take into account the state of
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those on the lowest rungs of the social and eco-
nomic ladders because one might be one of those
people) and the alternative stance of feminist care
morality (which sees a focus on individual moral
action, even, and perhaps especially, the most
heroic, as misguided neglect of the social relations
of give and take that daily lives actually involve)
agree on the superiority of social mutuality over al-
lowance for, much less expectations of, altruism.

Limitations of the concept

Altruism does carry the liabilities of its origins. As
a social concept, meant to counterbalance the ex-
cesses of self-interest, altruism is finally only intel-
ligible in relation to the self-interest with which it
is contrasted; it is concern for others, rather than
what is taken to be the natural and virtually in-
evitable concern for self. Because it carries this
legacy, altruism bears the liability of undermining
itself through its own deliberateness. Deliberate
focus on the other as the object of one’s concern
may represent an implicit interest in the self as the
source of this concern—a consideration that
prompted the nineteenth-century American writer
Henry David Thoreau to allow that he would run
for his life if he knew that someone was coming to
see him with the deliberate intention of doing him
good. It is this lack of attention and openness to
the other that bothers many contemporary critics
of the loss of mutuality in the focus on altruism.
That such dangers warrant a dismissal of the whole
notion, however, is another matter. Without the
moral heroism that altruism entails, reliance on the
mutuality of social relations may amount to a
frightening leveling down of moral expectations
and results. The saints, the philosopher William
James contended, are the impregnators of culture,
raising it to higher levels through their risking ways
of living that hold no obvious benefit for them-
selves. The philosopher and ethicist Edith
Wyschogrod has nominated altruists as the saints
of secular culture.

Religious altruism

Suspicion of altruism may be a reflection of the
secularization of contemporary culture, and the
concept itself may be indicative of a lingering reli-
gious sensibility in Comte, who still expected a re-
ligion of humanity to develop. As such, it suggests
that concern for others is finally only feasible
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through the deliverance from self that is offered by
and celebrated in religion. This allows for the indi-
rection that makes the aims of altruism possible,
without the short-circuiting of a focus on altruism
itself, and hence on the altruist. Of course, this in
no way entails that devotees of religion exemplify
the reality to which altruism points. Fortunately,
religion also offers forgiveness along with the al-
truistic vision. This could represent the counsel of
complacency that advocates of mutuality fear, but
it could also represent the heroic initiative and ex-
travagant saintliness that the realism of social mu-
tuality threatens to undermine.

See also ANTHROPOLOGY; BEHAVIORISM; CHRISTIANITY;
EVOLUTION; SELF; SELFISH GENE; SOCIOBIOLOGY
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See CHRISTIANITY, RADICAL REFORMED, ISSUES IN
SCIENCE AND RELIGION

ANGLICANISM
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ANIMAL RIGHTS

The modern animal rights movement, which origi-
nated in the 1970s, may be understood as a reac-
tion to dominant emphases within science and re-
ligion (principally, though not exclusively,
Christianity). When the Jesuit Joseph Rickaby
wrote in 1888 that “Brute beasts, not having un-
derstanding and therefore not being persons, can-
not have any rights” and that we have “no duties of
charity or duties of any kind to the lower animals
as neither to stocks and stones” (Moral Philosophy,
vol. II, pp. 248-9), he was only articulating, albeit
in an extreme form, the moral insensitivity that has
characterized the Western view of animals.

That insensitivity is the result of an amalgam of
influences. The first, and for many years the most
dominant, was the “other worldly” or “world deny-
ing” tendency in Christianity, which has, at its
worst, denigrated the value of earthly things in
comparison with things spiritual. Traditional
Catholicism has divided the world into those be-
ings that possess reason and therefore immortal
souls, and those that do not. The result of this
schema has inevitably been disadvantageous to an-
imals who have been regarded as bereft of an in-
terior spiritual life, as well as the benefits of im-
mortality. Christian spirituality has not consciously
been at home with the world of non-human crea-
tures—either animal or vegetable. Classic accounts
of eternal life as found in Augustine of Hippo
(354-430), Thomas Aquinas (c. 1225-1274), or
John Calvin (1509-1564) make little or no refer-
ence to the world of animals. Animals, it seems, are
merely transient or peripheral beings in an other-
wise wholly human-centric economy of salvation.

The second idea—common to Christianity, Ju-
daism, and Islam—is that animals, along with veg-
etables and minerals, exist instrumentally in rela-
tion to human beings; they are made for human
beings, even belong to human beings, as resources
in creation. This idea predates Christianity and is
found notably in Aristotle (384-322 B.C.E.), who
argues that “since nature makes nothing to no pur-
pose, it must be that nature has made them [ani-
mals and plants] for the sake of man” (7The Politics,
1, viii). This idea, largely unsupported by scrip-
ture, was nevertheless taken over by Aquinas, who
conceived of creation as a rational hierarchy in



which the intellectually inferior existed for the sake
of the intellectually superior. Hence Aquinas posits
that “It is not wrong for man to make use of them
[animals] either by killing or in any other way
whatever” (Summa contra Gentiles, Third Book,
Part 11, cvii).

Such instrumentalism, which features rational-
ity as the key factor dividing human beings from
“brute beasts,” has in turn buttressed the third in-
fluence, namely the notion of human superiority in
creation. Human superiority need not, by itself,
have led to the neglect of animal life, but when
combined with the biblical ideas of being made “in
the image of God” (Gen. 1: 26-27) and God’s pref-
erential choice to become incarnate in human
form, some sense of moral as well as theological
ascendancy was indicated. As a result, Christianity,
and to a lesser extent Judaism, have been charac-
terized historically by an overwhelming concern
for humanity in creation rather than an egalitarian
concern for all forms of God-given life. That hu-
mans are more important than animals, and that
they self-evidently merit moral solicitude in a way
that animals cannot, has become religious doctrine.
Thus the Catechism of the Catholic Church (1994)
maintains that “it is . . . unworthy to spend money
on them [animals] that should as a priority go to
the relief of human misery” (para. 2418).

These influences have in turn enabled and jus-
tified the scientific exploration of the natural world
and specifically the subjection of animals to exper-
imentation. Francis Bacon (1561-1626) pursued his
scientific investigations in the belief that humanity
should “recover that right over nature which be-
longs to it by divine bequest” (Thoughts and Con-
clusions on the Interpretation of Nature, IV, p.
294). Since animals were made for human use and
are incapable of rationality or the possession of an
immortal soul, it was only a short philosophical
step to conceive of them as automata devoid of
self-consciousness, even incapable of pain. René
Descartes (1596-1650) famously likened the move-
ments of a swallow to the workings of a clock, and
maintained that “There is no prejudice to which
we are more accustomed from our earliest years
than the belief that dumb animals think” (Philo-
sophical Letters, 1649.). Physiologist Claude
Bernard (1813-1878) completed the scientific ob-
jectification of animals by pursuing ruthless vivi-
sections of living animals, and inaugurating an era
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in which experimental science, following theology,
became largely blind to the sufferings of non-
human creatures.

Yet, if science and religion have provided the
dominant influences against which animal rights
advocates react, they have also variously provided
some key justifications for a contemporary animal
rights position. Although Charles Darwin (1809—
1882) cannot be counted an animal rights advocate
(since he shot birds for sport and was not wholly
opposed to vivisection), his theory of evolution
challenged prevailing religious notions of a differ-
ence in kind between humans and animals. In so
doing, he laid the foundation for a less hierarchical
view of creation and encouraged subsequent dis-
coveries of similarities between species. The irony
is that a century of (often abusive) experimental
work on animals has demonstrated the range and
complexity of their behavior.

It is increasingly difficult to deny self-con-
sciousness, mental states, and emotional complex-
ity to other mammals. Indeed, there is a consensus
now among scientists that animals suffer fear, anx-
iety, trauma, shock, terror, stress, and suffer only to
a greater or lesser degree than humans do. Al-
though the case for animal rights does not depend
upon any exact similarity between “them” and “us”
(except the need for sentiency, defined as the ca-
pacity to experience suffering), the question has to
be asked: Given what we know now of the similar
biological capacities of humans and animals, how
can we justify a total difference in our moral treat-
ment of them?

Similarly, religious traditions, especially Chris-
tianity, have rekindled more generous insights
about animals. Chief among these are the notions
that animals too are created by God and have in-
trinsic value and that human “dominion” over ani-
mals means exercising a God-given responsibility
of care, and, not least of all, an appreciation that
there are moral limits to what humans may do to
other creatures. Such a notion of moral limits is ex-
plicit in the Hebrew Bible and has formed the
basis of the traditional rabbinic injunction not to
cause animals unnecessary suffering. Although it
came rather late in the day, the humanitarian
movement of the nineteenth century in England
and the United States focussed religious sensibili-
ties on the suffering of innocents (children as well
as animals). Both Christians and Jews, including
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Arthur Broome and Lewis Gompertz, were in-
volved in the foundation in London in 1824 of the
Society for the Prevention of Cruelty to Animals
(SPCA), the world’s first national animal welfare
organization. Some modern theologians have ar-
gued that there is a specifically theological basis
for animal rights based on God'’s prior right as cre-
ator to have what is created treated with respect.

Although people in Eastern countries, domi-
nated by the religions of Hinduism, Buddhism, and
Jainism, have in practice treated animals with as lit-
tle respect as people in Western countries, their re-
ligions have nevertheless retained notions of re-
spect and nonviolence (abimsa) toward animal, as
well as human, life. In the doctrine of samsara
(reincarnation) a continuity of soulfulness is pre-
supposed (however much it may presuppose a
moral hierarchy of life itself), and in Buddhism the
first precept against killing is still normative. Specif-
ically, the bodbisattva’s example of compassionate
postponement of buddhahood in order to liberate
other suffering beings is a powerful religious ideal
expressing the regard that the strong ought to have
for the weak.

This ideal also expresses the best in traditional
Jewish and Christian theology as summed up in
the line that the “good shepherd lays down his life
for the sheep” (John 10: 11). Our very God-given
power over animals should inspire a view of our-
selves not as the “master species but rather as the
servant species” (Linzey 1994, p. 45). The irony for
animal rights advocates is that traditions that have
supported and justified animal abuse also contain
within themselves the seeds of an enlightened,
even generous, attitude toward the non-human.

See also ARISTOTLE; AUGUSTINE; BUDDHISM;
CHRISTIANITY, ROMAN CATHOLIC, ISSUES IN
SCIENCE AND RELIGION; DARWIN, CHARLES;
DESCARTES, RENE; HINDUISM; IMAGO DEI; JUDAISM;
PRIMATOLOGY; SOUL; THOMAS AQUINAS
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ANDREW LINZEY

ANTHROPIC PRINCIPLE

The Anthropic Principle asserts that the existence
of human life places certain necessary constraints
on cosmological and metaphysical theories. It is
an ex post facto methodological tool that attempts
to relate the structure of the universe to the under-
lying conditions that are necessary for the exis-
tence of observers.

The Anthropic Principle attempts to explain
the universe’s many life-supporting “coincidences”
in two distinct ways: 1) by appealing to an all-
encompassing selection effect amongst a variety of
universes (e.g., the Weak Anthropic Principle);
2) by asserting that the evolution of life is the nec-
essary outcome of the laws of nature (e.g., the
Strong Anthropic Principle). It is this latter form
that suggests the possible creative activity of an In-
telligent Designer.

Formulated in 1974 by the British astrophysi-
cist Brandon Carter, the Anthropic Principle is an
attempt to limit the Copernican dogma, which as-
serts that the Earth does not occupy a privileged
central position in the universe. However, while
the Earth may not be special or privileged in every
way, this does not mean that it cannot be privi-
leged in any way. Indeed, Carter pointed out that
the location of the Earth in space is “necessarily
privileged to the extent of being compatible with
our existence as observers” (p. 291).

The Anthropic Principle is controversial be-
cause it implies a teleological link between the
structure of the universe and the existence of
human beings. Several theorists have taken this
idea one step further by incorporating the An-
thropic Principle into a larger design argument for
the existence of God.

ANTHROPIC PRINCIPLE

Teleology and fine-tuning

The Anthropic Principle makes this type of goal-
directed argument possible by highlighting the var-
ious prerequisites for the existence of life. When
these prerequisites are duly examined, a striking
number of “cosmic coincidences” are discovered to
exist between distant branches of physics. These
anthropic coincidences are noteworthy because
they are essential for the existence of life and be-
cause they require tremendous “fine-tuning” be-
fore they can be operational. The gravitational con-
stant (G), for instance, appears to be exceedingly
fine-tuned for the existence of life. If it were
slightly larger, stars would have burned too hot
and much too quickly to support the fragile needs
of life; if it were slightly smaller, the intrastellar
process of nuclear fusion would have never initi-
ated, and life would have been incapable of arising
on the Earth.

This same rationale can also be applied to the
expansion rate of the nascent universe. This crucial
factor is determined by the cooperative interplay
between several distinct cosmic parameters, in-
cluding the mass density of the universe, the ex-
plosive vigor of the Big Bang, and the strength of
the gravitational constant. If the resulting cosmic
expansion rate happened to be slightly greater
than the presently observed value, life-supporting
galaxies would have been unable to form; if it
were slightly smaller, the early universe would
have collapsed back in on itself shortly after the
Big Bang. Either way, no life forms would have
been possible.

This is significant, because the various param-
eters that comprise the cosmic expansion rate also
had to be fine-tuned to better than one part in 1060
in order to generate a “flat” universe, so that nor-
mal Euclidian geometry (in which the sum of a tri-
angle’s three angles adds up to 180 degrees) could
then become applicable. A similar degree of fine-
tuning can be found throughout the remainder of
nature’s fundamental parameters.

The challenge is to find a plausible explanation
for this fine-tuning. According to the British math-
ematical physicist Roger Penrose, the odds that a
fine-tuned biocentric universe could have acciden-
tally evolved are an astounding one in ten to the
10'%, a number so vast that it could not be written
on a piece of paper the size of the entire visible
universe. This is why many theorists have posited
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the existence of a “supercalculating intellect” to ac-
count for this fine-tuning.

Others, however, have scoffed at this teleolog-
ical interpretation of cosmological history. They
point out that this fine-tuning could have been gen-
erated randomly over billions of years if the uni-
verse turns out to be merely one of many. In this
case, life would have evolved only in those regions
that happened to possess the “correct” configura-
tion of fundamental parameters, and human beings
would then find themselves living in this special re-
gion as a straightforward selection effect. Critics,
however, charge that this position is question-
begging by its very nature, since it assumes the
prior existence of these unexplained worlds.

Definitions

The Anthropic Principle comes in a variety of per-
mutations, each with its own set of implications.

Weak Anthropic Principle. The broadest and
least controversial permutation is known as the
Weak Anthropic Principle (WAP). Given the reality
of human life, the physical universe must contain
areas that are compatible with the existence of
human beings as observers. The WAP states that
humans never could expect to observe a universe
that is significantly different from their own, be-
cause human existence depends on the prior exis-
tence of just such a universe. The WAP thus
doesn’t try to explain how or why the universe
came to be life-supporting. It merely notes that,
while the universe is biocentric for unknown rea-
sons, given the current existence of humans it
couldn’t possibly have been otherwise.

One of the advantages of the WAP is that it
highlights the many diverse structural parameters
that are necessary for the existence of life. Never-
theless, many people find the WAP deeply unsatis-
fying because it merely states what is already
known to be true; namely, that the universe has to
be structured in its present form before it can be
capable of supporting carbon-based life. The WAP
is thus incapable of explaining why the universe is
structured in this biocentric manner.

Strong Anthropic Principle. The more potent
Strong Anthropic Principle (SAP) attempts to ex-
plain why the universe has a biocentric structure.
According to the SAP, the universe must have
properties that will allow life to develop within it at
some stage of its history. The key element is the

word must; it means that the universe bhad to be
life-supporting at some stage of its history. This
possibility is suggested by the many astonishing
coincidences between distant branches of physics
that all work together, against all the odds, to make
life possible. The conventional SAP, however, does
not attempt to explain why the universe must be
biocentric. It simply states that this must be so.

Design-Centered Antbropic Principle. The
SAP thus comes close to positing the existence of a
cosmic designer because there doesn’t seem to be
any other plausible way of explaining why the uni-
verse had to be life-supporting. For this reason
the physicist Heinz R. Pagels (1939-1988) once
quipped that the SAP is “the closest that some athe-
ists can get to God.” One interpretation of the SAP
explicitly credits a designer for the Earth’s many
biocentric features. This interpretation, which can
be called the Design-Centered Anthropic Principle
(DCAP), holds that the universe is biocentric be-
cause it was deliberately designed to be this way by
a higher power.

Participatory Anthropic Principle. A sec-
ond version of the SAP, derived from the findings
of modern theoretical physics, has been dubbed
the Participatory Anthropic Principle (PAP) by
physicist John Wheeler (b. 1911). This version
holds that observers are necessary to bring the
universe into being. The PAP follows from the
standard Copenhagen interpretation of quantum
mechanics, in which some type of living con-
sciousness is required to make events “real.” Ac-
cording to this interpretation, developed by physi-
cist Neils Bohr (1885-1962), there is no such thing
as a concrete quantum reality until a living ob-
server exists to “collapse” the appropriate quan-
tum wave function. Without this act of observa-
tion, reality seems to be held in a paralyzing state
of indecision.

Some theorists have gone so far as to argue
that life is necessary to make the universe itself
real. The physicist George Greenstein (b. 1940) has
conceived of a “symbiotic universe” in which both
life and the universe exist in a classic state of sym-
biosis; the universe provides the physical founda-
tion for the existence of life, and life symbiotically
responds by imparting a concrete state of reality to
the cosmos.

The problem with this conceptualization is that
life did not evolve until billions of years after the



Big Bang. In order for Greenstein’s theory to be
plausible, a noncorporeal form of life had to have
been responsible for observing the universe into
being long ago. The only candidate for this role
would be the “Ultimate Observer” spoken of by
John Barrow and Frank Tipler. This observer alone
would have been in a position to observe the en-
tire universe into being.

Final Antbropic Principle. A third version
of the SAP has been dubbed the Final Anthropic
Principle (FAP). According to FAP, intelligent life
must come into existence in the universe, and,
once it comes into existence, it will survive forever
and become infinitely knowledgeable as it strives
to mold the universe to its will. The FAP thus pos-
sesses an obvious religious quality because it states
that there is a positive universal purpose to human
life that cannot be thwarted by any possible
power. In this sense, the FAP is analogous to the
tenets of generic theism, particularly in its affirma-
tion of an afterlife. However, the FAP does not ex-
plain why intelligent life will endure forever. It
merely states that it will do so.

Anthropic coincidences

It is important to distinguish between the An-
thropic Principle and a curious set of physical facts
known as anthropic coincidences. The Anthropic
Principle proper is a speculative hypothesis re-
garding the possible role of humanity in the cos-
mos, whereas the various anthropic coincidences
are empirical observations that relate the apparent
fine-tuning of the universe to the needs of life.
This, in turn, seems to provide some degree of em-
pirical support for certain forms of the Anthropic
Principle.

The value of the gravitational constant G, the
mass density of the universe, and the explosive
vigor of the Big Bang have all seemingly been fine-
tuned to cooperate with one another to generate a
smoothly expanding universe of coherent galax-
ies, each containing an abundance of medium-
sized biocentric stars like the sun. Numerous other
fine-tuned anthropic coincidences are also at work
in the universe to make life possible. A partial list
includes the following:
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the values of nature’s fundamental constants;
the existence of three spatial dimensions;

the ratio of the electromagnetic force con-
stant to the gravitational constant;
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the mass ratio of the electron and proton;
the ratio of protons to electrons;

the cosmic entropy level;

the speed of light;

the age of the universe;

the mass excess of the neutron over the
proton;

1om

the initial excess of matter over antimatter;
and

(11) the sun’s historical change in luminosity,
which happened to coincide with the spe-

cific needs of Earth-based life forms.

One of the most notable anthropic coinci-
dences was discovered in 1953 by the British as-
tronomer Fred Hoyle (1915-2001), a former atheist.
Hoyle had been researching the intrastellar process
of carbon synthesis when he stumbled upon a re-
markable series of coincidences pertaining to the
stepwise assembly of the carbon atom. To his great
surprise, Hoyle discovered that the nuclear reso-
nance levels of both carbon and its immediate pre-
cursors (helium and beryllium) were fine-tuned to
work together to encourage carbon synthesis. He
also found that oxygen’s nuclear resonance level is
half a percent too low to encourage the nuclear
conversion of carbon into oxygen. The result of
this remarkable series of coincidences is that car-
bon can be manufactured inside dying stars in suf-
ficient quantities to make organic life possible.
Hoyle concluded that the universe is a “put up
job,” and that a “supercalculating intellect” had to
have “monkeyed” with the basic parameters of
physics and cosmology. Otherwise, one would
never expect so many unrelated and improbable
coincidences to work seamlessly together to gen-
erate a biocentric universe.

The Anthropic Design argument

Given the many intercoordinated steps that are re-
quired to generate a fine-tuned biocentric universe,
many theorists find it astonishing that any form of
life could have evolved on this planet. There are
simply too many ways in which cosmic evolution
could have gone wrong with respect to life, partic-
ularly given the universality of the Second Law of
Thermodynamics, which states that the total
amount of disorder in the universe is always in-
creasing. It is the Second Law that leads one to ex-
pect a non-biocentric outcome at each stage of the
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universe-building process, yet the correct biocen-
tric result nevertheless happened at each bifurca-
tion point.

It is the fine-tuning of nature’s fundamental
constants at the Big Bang that probably enabled
this to happen. Indeed, given the brute fact of
human existence, it is necessarily the case that the
universe be fine-tuned enough for it to overcome
the many thermodynamic hurdles that naturally
exist on the way to life. This, in turn, seems to sug-
gest a strong element of necessity in the universe’s
underlying ability to generate life. Insofar as this is
so, it constitutes evidence in favor of the Strong
Anthropic Principle.

Moreover, since the general cosmic tendency is
always towards an increased amount of disorder,
some thinkers conclude that there must have been
some type of constraining force at work in the
past. Otherwise, this predisposition towards disor-
der would likely have put the universe on a non-
biocentric path long ago, despite the fact that order
can sometimes be generated within an open ther-
modynamic system by adding energy to it.

Traditional cosmology has been unable to ac-
count for this mystery, except insofar as it has
used the principle of cumulative selection to ex-
plain the successive preservation of small in-
stances of order, each of which possibly could
have been random in origin. The problem with
this hypothesis is that the universe had to have
evolved to a relatively advanced stage before any
type of cumulative selection could have taken
place. For this reason many find the Strong An-
thropic Principle to be compelling. How else can
one explain the trillions of correct choices on the
way to life, despite the Second Law, if it weren’t
structurally necessary for the universe to evolve
life at some point in its history?

The Weak Anthropic Principle is typically in-
voked to refute this conclusion. According to this
view, humans shouldn’t be surprised at their own
existence because they are merely experiencing a
selection effect, since it is not possible for them to
have observed a non-biocentric universe. While
this may be so, it does not necessarily follow that
human existence is not surprising. In the same way
that a condemned criminal facing a one hundred-
man firing squad would naturally be surprised if all
one hundred rifles misfired simultaneously, it is

also appropriate for human beings to be aston-
ished at their own existence.

Many Worlds Interpretation. A potent coun-
terargument to this anthropic viewpoint has been
provided by Hugh Everett’s (1930-1982) Many
Worlds Interpretation of quantum mechanics. Ac-
cording to this hypothesis, there are an infinite
number of “compartments” or worlds in existence
within a much larger “multiverse,” each possessing
its own randomly varying set of fundamental con-
stants. Humans therefore shouldn’t be surprised at
their own existence, because it is only natural for
life to evolve in the one region of the multiverse
that is capable of supporting its existence. This is a
prime example of how the Weak Anthropic Princi-
ple can be used within a nontheistic worldview to
account for the existence of life.

There are three problems with the Many
Worlds approach, however. First, there is no evi-
dence for any of these other possible worlds, nor
can there be any such evidence in the future be-
cause these alternative domains are believed to be
utterly beyond human observational powers, even
in principle. Secondly, this approach begs the
question, since it assumes the prior, unexplained
existence of the multiverse itself. Finally, the use of
an infinite number of unobservable worlds to ex-
plain the existence of our own world is an un-
precedented violation of Ockham’s Razor, which
states that the simplest explanation in any set of
natural circumstances is probably the correct one.

Anthropic explanations

Critics of the Anthropic Principle believe it to be
scientifically sterile, since it doesn’t initially seem to
explain much about the cosmos in which humans
live. Supporters of the Anthropic Principle, by con-
trast, believe that it holds the key to an intriguing
relationship between the structure of the universe
and the existence of human observers. The size
and age of the universe provide an excellent case
in point. Prior to the advance of modern cosmo-
logical science, it was believed that both the phys-
ical and temporal dimensions of the universe were
unrelated to the existence of living observers. The
mathematician and philosopher Bertrand Russell,
for instance, believed that the universe’s enormous
size and age naturally rendered the concept of in-
telligent design implausible, since one would nat-
urally expect a deity to have created the best



things in the world (e.g., human beings) first rather
than last.

This viewpoint has been supplanted by mod-
ern cosmological findings that indicate that a cer-
tain minimum time frame is inherently required for
the intrastellar synthesis of carbon by natural evo-
lutionary pathways. The amount of time that is
necessary for this outcome amounts to several bil-
lion years, which is roughly equivalent to the time
required to synthesize carbon and other heavy el-
ements inside dying red giant stars. During this en-
tire carbon-making epoch, though, the universe it-
self has been relentlessly expanding. Therefore, it
is only in a universe that is sufficiently old, and
hence sufficiently large, that carbon-based ob-
servers can evolve. The enormous size of the visi-
ble universe (approximately fifteen billion light
years in spatial extent) is thus directly related to
the time required for intrastellar carbon synthesis,
due to the ongoing cosmic expansion. This is a
genuine anthropic explanation because it links
several aspects of the universe to the conditions
necessary to generate living observers.

Anthropic versus biocentric

The Anthropic Principle is actually a philosophical
misnomer, since it is primarily an argument about
the centrality of biological life in general. As such,
it could legitimately be called the “Biocentric Prin-
ciple.” A separate argument is thus required to
generate an Anthropic Principle from the biocen-
tric evidence. The Greek word anthropos, how-
ever, refers to uniquely human life, so the possible
existence of intelligent beings elsewhere would
technically invalidate the Anthropic Principle. In
order to allow for this possibility, it has been sug-
gested that the Anthropic Principle be renamed the
Humanoid Principle.

Three distinct arguments are thus conflated
within the Anthropic Principle: (1) a biocentric ar-
gument, which refers to the centrality of biological
life forms in general; (2) a humanoid argument,
which refers to the centrality of intelligent hu-
manoid life; and (3) a specific anthropic argument,
which argues for the exclusivity of Earth-based in-
telligent life. These conflations, however, are
widely deemed to be irrelevant to the central thrust
of the Anthropic Principle, since it is generally as-
sumed that human life would be the ultimate goal
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of any cosmic intention to evolve Earth-based life.
It is also assumed that the possible existence of
other humanoid life forms would not invalidate the
Anthropic Principle itself. Instead, it would simply
provide other cosmic loci by which the biocentric
nature of the universe could be explained.

Conclusion

The basic purpose of the Anthropic Principle is to
relate the underlying structure of the universe to
the fact of human existence. Although many
thinkers find this goal unrealistic, others believe
that the uniqueness of human consciousness is a
fact of fundamental significance in the cosmos. For
it is primarily through the vehicle of human aware-
ness that the universe has somehow become
aware of itself, and no other known entity appears
to possess this marvelous capacity.

See also ANTHROPOCENTRICISM; COPENHAGEN
INTERPRETATION; COSMOLOGY, PHYSICAL ASPECTS;
DESIGN; ENTROPY; GEOCENTRICISM; MANY-WORLDS
HYPOTHESIS; PHYSICS, QUANTUM;
THERMODYNAMICS, SECOND LAW OF
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ANTHROPOCENTRISM

Anthropocentrism (human-centered) is a term
used to describe certain philosophical perspectives
that claim that ethical principles apply to humans
only, and that human needs and interests are of
the highest value and importance. Anthropocen-
trism is found in both religious and secular
philosophies. In science, anthropocentrism has
played an important role in liberating human
knowledge from external authorities, and in pro-
moting the interests of humanity as a whole
against particular interests. Both scientists and the-
ologians have drawn on anthropocentrism to de-
fend specific views about nature, scientists often
on the basis of a perspective on evolution in which
humans are considered the highest form of life on
Earth, and theologians on the basis of a divinely
mandated right for humans to exercise dominion
over nature.

Beginning in about 1970, anthropocentrism be-
came common in environmental discourse. An-
thropocentric ethics evaluates environmental issues
on the basis of how they affect human needs and
attaches primary importance to human interests.
The term contrasts with various biocentric (life-
centered) perspectives, which assume that nonhu-
mans are also carriers of moral value.

Anthropocentrism in ethics is found in two
main forms: consequential ethics and deontologi-
cal ethics. Basic to both is the perception of a dis-
continuity between humans and the rest of nature.
Humans are considered superior to animals for
various reasons, including their ability to think and
speak, plan, organize projects, and so on. Accord-
ing to the German philosopher Immanuel Kant
(1724-1804), humans alone have self-conscious-
ness. Humans are therefore fundamentally differ-
ent in rank and dignity from all other beings, while
animals can be treated as means to human ends.
The moral status of humans is thus awarded on the
basis of “excellence.” Values are grounded in the
fact that something is valuable for humans, and so



human actions should be valued on the basis of
their usefulness for humans.

The basic idea of consequentialist anthro-
pocentrism is that human actions are valued ac-
cording to their consequences for other humans. In
a market-oriented society, consequentialist anthro-
pocentrism is often linked to the idea that prob-
lems in relation to society and nature are technical.
Both human and natural resources are considered
unlimited and available for human consumption. If
there is a shortage, then replacement products will
always be made available on the basis of the law
of supply and demand. High status is awarded to
technical products such as buildings, bridges,
dams, and highways. The basic premise is the idea
that human interests rule the world, and that na-
ture is considered relevant only as a resource to be
exploited by humans. If a crisis arises with regard
to available resources, it is primarily a technical
problem, which can be solved by adjustments. In
its simplest form this could mean that humans
need to move to a new place. When no new place
is available, other measures can be taken, such as
moving pollutants to a different place or using
technology to get rid of toxic elements. The ideal
is “business as usual” for the benefit of humans,
modified by ad hoc measures to prevent discom-
fort for human society. Consequentialist anthro-
pocentrism is also the central approach in policies
of resource management that respond to the prob-
lem of limited resources by adjusting production
and consumption, and by avoiding extreme pollu-
tion. The anthropocentric attitude is expressed
through the ideals of wise use and sustainable de-
velopment. The central concern is to secure the
demands of the present without endangering fu-
ture needs.

Deontological anthropocentrism in ethics deals
primarily with rights and duties that are carried by
ethical subjects or by those affected by intended
actions. An important issue is who or what may
count as a moral subject. In deontological anthro-
pocentrism, only humans have ethical duties and
rights. A major concern is therefore to find reasons
why humans alone have qualities that set them
apart from all other creatures. This is a difficult task
because it is hard to define qualities that include all
humans while at the same time excluding other
living beings. In the Kantian tradition, the hallmark
of humans has been connected to the ability of
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human beings to take moral demands upon them-
selves. To be an authentic human being is to exer-
cise the freedom to accept morally binding restric-
tions on “free” choices of actions, thus rejecting
selfishness for the sake of a higher moral rational-
ity. Humans are by virtue of their possibility of free
choice a “moral community,” distinct from other
communities on Earth. From a Kantian perspec-
tive, one may have indirect duties towards nonhu-
mans, but such duties are only relevant in so far as
they have instrumental importance and ultimately
lead toward the promotion of human freedom.

Anthropocentrism is common in the Judeo-
Christian tradition and in Islam, in part because
God is perceived in anthropomorphic categories,
but also because the primary concern of theology
is humanity’s relation with God (theological an-
thropocentrism). With regard to environmental
concerns, theistic traditions affirm that humans
have an obligation to treat the natural world with
respect and care in much the same way as a farmer
cultivates the land (stewardship ethics). In some
Eastern religions (e.g., Mahayana Buddhism), the
salvific interest is more universal. All sentient be-
ings, however, have to reach the level of human
existence before they can attain nirvana.

Since the 1960s awakening of ecological con-
sciousness, the anthropocentric attitude has been
strongly criticized, especially regarding its role in
theology and ethics, and in secular science and
public policy making. Some have attempted to
“soften” anthropocentrism by correcting the per-
ceived misconception of humanity as distinct and
separate from the natural world. They have argued
that anthropocentric concerns for human well-
being should be based on enlightened self-interest
in which humans regard themselves as partly con-
stituted by the natural world and pay sufficient at-
tention to sound metaphysics, scientific theories,
aesthetic values, and moral ideals. This self-interest
will naturally lead to respect for the nonhuman
world, thus preventing it from degradation and de-
struction. Others claim this view to be shallow and
assert the need for a total reversal of the anthro-
pocentric perspective, as in biocentrism, in which
the biotic community is seen as the central concern.

See also DEEP ECOLOGY; ECOLOGY, ETHICS OF;
FREEDOM; KANT, IMMANUEL; VALUE, RELIGIOUS;
VALUE, SCIENTIFIC
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ANTHROPOLOGY

Anthropology is the study of humanity, in all its as-
pects, in all times and all places. In this sense,
everyone is an anthropologist, for everyone is cu-
rious about themselves and their fellow humans,
and people often ask anthropological questions.
Anthropology is distinctive not so much in subject
as in approach. Much of the character of the field,
and the heart of its contribution, have come
through ethnographic fieldwork, which comprises
a large suite of techniques for studying people in
qualitative and quantitative depth, typically while
living among them for extended periods. The an-
thropologist’s ideal is to learn a people’s language,
live with them, observe them in their day to day
lives and in special events, all the while taking
measurements, listing names, and holding ex-
tended discussions about their gods, cosmologies,
and opinions of each other. Participant observation
in which anthropologists do things with the people
they are studying to the extent they allow brings
such a wealth of knowledge that many anthropol-
ogists spend the rest of their lives discovering new
insights from even their first trip to the field.

Themes and approaches

This wealth of information is studied in distinctive
ways. Anthropologists are divided on whether the
discipline can or even should be considered a sci-
ence, but even the most scientific anthropologists
recognize that a qualitative, interpretive study of
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ethnographic findings must play a major role. Un-
derstanding another group of people involves the
search for meaning in what they do and say. The
difference between the simple empirical observa-
tion that someone’s eyelid twitched and under-
standing what someone was really up to when he
winked at another person, entering the web of so-
cial relations and subtle meanings behind this little
conspiracy, is what Clifford Geertz, following
philosopher Gilbert Ryle, calls “thin description
versus thick description.” Ethnography, he con-
cludes, is thick description. This is also what is
needed for any broader, more abstract comparative
study in anthropology.

Anthropological questioning is also guided by
certain basic concepts or themes, such as cultural
relativism. Often contrasted with ethnocentrism,
cultural relativism is the insistence on evaluating
customs and ideas in terms of that culture’s own
values rather than those of another culture. Such
an approach is sometimes confused with the dif-
ferent and not particularly viable idea that all cus-
toms are of equal practical and moral value. An-
thropology seeks to understand, for example, why
female circumcision or ritual cannibalism have
been so important to certain peoples, and how
such practices function within those cultures.
Everyone benefits from this greater understanding,
but it does not follow that everyone must find
these practices acceptable.

A second theme is holism, the attempt to com-
prehend the breadth and depth of what is human
and how it fits together. Thus, anthropology’s con-
cern is not just with, for example, the economy it-
self, but with questions such as “How does the
economy relate to kinship, status, and political
considerations?” and “How do all these together
affect what it is like being a woman in such a situ-
ation rather than a man?” Anthropology also strives
to comprehend the breadth of human cultural, so-
cial, and physical variation. For example, com-
pared to the specialized field of economics, an-
thropology explores the full range of what human
economies can be like. Similarly, anthropology
seeks to understand the nature of political leader-
ship in the broadest terms, not just by comparing,
for example, various types of centralized states
(democracy with theocracy with monarchy), but
by adding Polynesian and African chiefdoms,
Micronesian big-man leadership, and the rise of
leaders among less centralized or hierarchical



hunter-gatherer societies. Without denying that
democracies and monarchies differ, these differ-
ences are like shades of red compared to the full
spectrum of human possibilities. And knowing as
much as possible about the full range of human
customs can be helpful in answering questions
such as “What is economy?” “What is religion?” and
“What is art?” as well as corollary questions such as
“In what sense is religion a part of what it means
to be human?”

Interestingly, an opposing perspective, usually
labeled particularist, has occasionally swept the
field. During such times the common wisdom is that
culture is not an integrated system, and comparison
among cultures is inevitably more misleading than
helpful. Typologies of culture such as savagery, bar-
barism, and civilization, or the more recent band,
tribe, chiefdom, and state model of neo-evolution-
ists such as Steward, Service, Fried, and Earle, are
scorned as constraining, simplistic, wooden, or
even propaganda promoting Western hegemony.

There is also value in balancing holism and
high-level comparisons with an emphasis on that
which is unique about each known people. Recent
anticomparativist trends have been enmeshed in
postmodern philosophical concerns, eliciting the
same sometimes rancorous arguments found in
other fields. But anthropology’s expansive ambi-
tions have always been shadowed by occasional
epistemological failure of nerve. One does not have
to claim that “all human knowledge is impossible”
to appreciate the difficulty of demonstrating how
deeply human thought is influenced by cultural up-
bringing, and the difficulty of correctly describing
the important depths of another people’s culture.

Perspectives toward culture

Probably the field’s greatest conceptual contribu-
tion to human understanding comes through de-
veloping and elaborating the concept of culture. In
his Primitive Culture (1871), Edward Burnett Tylor
introduced the term culture into his new science of
humanity, which he called anthropology. Despite
many suggestions for alternative definitions, Tylor’s
is still popular: “that complex whole which in-
cludes knowledge, belief, art, morals, custom and
any other capabilities and habits acquired by man
as a member of society” (Tylor, p.1). An increasing
number of anthropologists prefer not to include
behavior within the category, seeing culture as so-
cially transmitted information, or as Geertz puts it,
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patterns for behavior, not patterns of behavior.
This approach avoids the difficulty of explaining
culture in terms of itself and highlights the com-
mon disparity between what people say and what
they do. This approach also reminds us that not all
behavior is cultural (for example, blinks vs. winks).

Anthropologists have traditionally understood
culture as radically separate from biology. Alfred
Kroeber’s influential “superorganic” notion views
culture as having almost a life of its own, molding
each individual far more than the individual molds
culture. Franz Boas and his students, including
Margaret Mead and Ruth Benedict, set out early in
the twentieth century to demonstrate a radical cul-
tural relativism. Mead’s Coming of Age in Samoa
(1928) convinced generations of Americans that
even something assumed to be biological and in-
evitable, such as the rocky period of adolescence,
was not experienced in Samoa. Thus, if not all
people behave the same way, the reasons must be
cultural rather than biological. Derek Freeman has
argued convincingly that Mead’s conclusion was
largely in error, partly as a result of mistaken inter-
pretation, but also because Mead’s teenage in-
formants enjoyed playing games with the naive
outsider.

The emphasis on culture, particularly as a vari-
able that is both influential and somewhat inde-
pendent of biology, is nevertheless an important
theme in anthropology. This perspective has also
ensured that anthropologists became among the
most ardent critics of sociobiology. Along with
many reductionistic ideas popular in Western aca-
demia, sociobiology puts itself in the strange posi-
tion of imaginatively crafting reasons we should
choose to believe even our cultures are controlled
by genes and both imagination and human choice
are illusory. Anthropologists do not necessarily de-
fend freedom of the will; a more typical argument
is that while humans may be deeply constrained,
culture, which is highly symbolic and essentially
arbitrary, is as strong a determining influence on
the individual as biology.

Nevertheless, interest in biological influences
has grown among anthropologists who are ex-
ploring a range of approaches from gene-culture
coevolution and dual inheritance to memetics.
While memetics has its reductionistic aspects
(Susan Blackmore has said that culture is a meme’s
way of replicating itself), in very important ways,
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memetics recognizes culture as relatively au-
tonomous, beyond either the thought or the biol-
ogy of the individual.

The search for human universals, an intense
preoccupation of anthropology in its early days,
but periodically out of favor, has also become more
acceptable since the publication of Donald Brown’s
Human Universals in 1991. Brown offers many ex-
amples of human traits that are universal, including
difficulties during adolescence and the practice of
joking. Even examples illustrating how different
cultures can be from each other contain elements
of universality; for example, people express social
respect in an extraordinary variety of ways, but the
fundamental idea behind such behaviors is more or
less the same. It is, of course, no easy matter to
demonstrate that something is truly universal, and
attempts to do so have provoked many arguments
about whether a certain group of people genuinely
constitutes an exception. But the issue itself is of
immense importance, for once it is acknowledged
that all people have many things in common, the
radical individualism and subjectivism of certain
philosophies, as well as categorical assertions that,
for example, males could never understand fe-
males, rich the poor, or one “race” the thinking of
someone from another, lose some of their force.

Subdisciplines of anthropology

Despite an emphasis on certain perspectives,
methods, and themes, anthropology remains ex-
ceptionally broad and has traditionally been di-
vided into subdisciplines. The standard approach
in the United States is the “four-field” model:

(1) Physical or biological anthropology involves
any study of human physical nature, espe-
cially as related to human evolution. Retro-
spective objections to anthropology’s long
fascination with race fail to appreciate the
contribution of this work to demonstrating
the central role of cultural bias in common
racial classifications and stereotypes.

(2) Cultural anthropology studies the customs, be-
liefs, values, social interactions, and physical
products (the culture and society) of people
known historically or ethnographically. Long-
standing goals include studying traditional
ways of life before they succumb to modern-
ization, and discovering the fullest possible

range of human practice. But it is not simply a
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matter of collecting exotic customs, nor is cul-
tural anthropology limited to the study of
“primitive” peoples. Cultural anthropology at-
tempts to study the full variety of humanity.
Also, because the cultural viewpoint of the an-
thropologist, not just that of the people being
studied, is important, the richness of the field
grows in part from the fact that there are
trained anthropologists from many parts of the
world. In the United Kingdom social anthro-
pology, which gives particular emphasis to
social relations and social structures, has been
very influential from the early work of
Malinowski, Firth, Radcliffe-Brown, Evans-
Pritchard and Kuper through Rodney Need-
ham, Mary Douglass and many others.

(3) Archaeology has origins in ancient history
and the classics, biblical studies, and art his-
tory, as well as in the practice of collecting
and its institutional cousin, the museum.
Most broadly, archaeology is the study of the
material remains of humans who lived in the
past, and as such it is not always considered
a branch of anthropology. Yet archaeologists
will often ask anthropological questions, and
many view their quest as a cultural anthro-

pology of extinct peoples.

(4) Anthropological linguistics is the anthropo-
logical study of human languages, ancient
and modern, oral and written. To the extent
that an anthropological perspective on lin-
guistics differs from the separate field of lin-
guistics, it will emphasize communication as
an element of culture and as a crucial devel-
opment in human evolution. Archaeologist
Colin Renfrew is using linguistics to aid in re-
constructing human movements in the past.
Language study is also central to work in
cognitive evolution.

Anthropology and the science-religion
dialogue

Anthropology is not clearly a science, as indicated
by the importance of divergent perspectives or
schools of thought (social evolutionism, function-
alism, historical particularism, cultural materialism,
structuralism). It is thus difficult for a scholar of
religion to discover the anthropological under-
standing of a topic. For example, a biblical scholar
who painstakingly applies the structuralist insights



of Claude Levi-Strauss to a particular text may be
surprised and disheartened when her work is ig-
nored by anthropologists sympathetic to Christian-
ity, simply because they are not sympathetic to
structuralism.

Anthropology may have more to contribute
through its rich body of ethnographic, linguistic,
archaeological, and paleoanthropological litera-
ture, and through more widely accepted concep-
tual categories such as culture, holism, and cultural
relativism. In some cases the anthropology-religion
connection can be put to practical use. Kenneth
Pike, Thomas Headland, and others with SIL Inter-
national (formerly the Summer Institute of Linguis-
tics), for example, are using anthropology to help
ensure that translations of the Bible make sense in
the local cultural context.

Perhaps most promising is the use of anthro-
pological insights to address issues that grow from
theology itself or from the science-religion dia-
logue. Such issues include sin, human destiny,
consciousness, the environment, technology and
religion, cognitive evolution, mind-body questions,
and the fundamental nature of humanity. The op-
portunity for the science-religion dialogue to be
conducted using questions drawn from theology
rather than for theology to follow along and com-
ment on science is potentially of great value.

A striving to understand what it is to be human
is a central theme of both anthropology and theol-
ogy, and systematic theologies often include a
major section on the subject. The nineteenth-cen-
tury Princeton theologian Charles Hodge gave the
title Anthropology to the second volume of his
three-volume Systematic Theology (1872), and he
devoted some 730 pages to this subject and to sal-
vation. Primary topics included the origins and na-
ture of human beings, the soul, unity of the human
race, original state, covenant of works, the fall, sin,
and free agency. More than a century later the sec-
ond volume of Wolfhart Pannenberg’s Systematic
Theology (1991) covers some of the same topics,
though in different ways, in no small part because
Pannenberg has given serious attention to the find-
ings of academic anthropology, a field that did not
exist when Hodge wrote Systematic Theology.

Pannenberg is a good model of serious theo-
logical engagement with anthropology without al-
lowing the theological agenda to be overwhelmed.
This is not an easy balance, for as F. LeRon Shults
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points out, theology has not come to grips with the
changing view of humanity and human origins
carefully constructed by anthropology (and evolu-
tionary biology). It is possible for these topics to be
explored philosophically, biblically, and in light of
the history of theology, but without much contact
with the growing anthropological understanding of
what it is to be human. Shults, who is a leading ex-
pert on Pannenberg’s thought, has himself made a
major contribution to rethinking the fundamental
theological doctrines of human nature, sin, and the
image of God in light of anthropology.

Theologian J. Wentzel van Huyssteen is re-
searching Paleolithic cognition to help understand
the origins and nature of the human capacity for re-
ligion, a topic also being addressed by an interdis-
ciplinary group of scholars organized by biologist
William Hurlbut and anthropologist William
Durhamat at Stanford University in California. Tak-
ing a somewhat different approach, theologian
Philip Hefner is engaged in extensive exploration
of the theological relevance of sociobiology and
biocultural evolution. Hefner suggests that humans
should be viewed as “created co-creators.” And
from a yet different perspective, population geneti-
cist David Wilcox has written a series of articles ex-
ploring paleoanthropological findings from a tradi-
tionally evangelical, but not creationist, perspective.

Anthropologist Ward Goodenough, perhaps
best known for his research on the people of Truk,
has written a series of articles for Zygon on such
subjects as the human capacity for belief. And the
biological anthropologist and polymath Solomon
Katz has contributed to the understanding of a
great range of issues including religion and food,
human purpose, and what it means to have a sci-
ence of humanity. He has also developed and is
now working out a model connecting religious
change to subsistence change, arguing in particular
that a change in religion was an enabler for the Ne-
olithic adoption of agriculture.

See also ANTHROPOLOGY OF RELIGION; CONSCIOUSNESS
STUDIES; CREATIONISM; CULTURE, ORIGINS OF;
EVOLUTION; EVOLUTION, BIOCULTURAL; FREEDOM;
IMAGO DEI; MEMES; MIND-BODY THEORIES; SIN;
SOCIOBIOLOGY; TECHNOLOGY
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ANTHROPOLOGY
OF RELIGION

No known society is without religion. Anthropolo-
gists study this species-wide phenomenon as a
human trait or institution, an element of culture,
seeking a deep understanding of all, not just the
“world,” religions and their local significance. From
this breadth, anthropologists of religion ask: What
is religion? Are there any common elements? How
did it originate? Intentionally nontheological, the
anthropology of religion is less concerned with,
for example, whether ancestor spirits of the New
Guinea Maring people really interact with the liv-
ing people than with how that perception influ-
ences culture. Despite the intention of objectivity,
a strong thread of philosophical naturalism perme-
ates the field from E. B. Tylor, James Fraser, and
Emile Durkheim to Raymond Firth and Stewart
Guthrie. Important exceptions include Edward
Evans-Pritchard, Victor Turner, and Roy Rappaport.

See also ANTHROPOLOGY; NATURALISM
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ANTI-REALISM

See REALISM

APOLOGETICS

From the Greek roots apo and leg (apologia), the
term apologetics can be translated as “speech with
cause.” In the Christian context, apologetics is im-
portant in science and religion discourse because it
aims to provide religious faith with credibility. Par-
ticularly since the seventeenth century, a shared
understanding of divine action in the world has



progressively diminished due to new, scientific ex-
planations for natural events that were previously
accounted for in terms of supernatural agency.
Apologetics increasingly incorporates scientific ma-
terial in recognition of the universal scope of sci-
entific knowledge in contrast to theology’s alleged
lack of empirical basis. It is a hybrid form of theol-
ogy that aims to provide credibility for divine rev-
elation under the light of human reason. In theo-
logical terms, apologetical literature aims to
account for foundational elements in doctrine
under the perspective of a religious conversion,
while providing a systematic way for that doctrine
to be understood. It “is the theoretical and me-
thodical exposition of the reasons for believing in
Christianity.” (Bouillard, p. 11)

Early Christian apologetics

In historic Christian theology, apologetics has been
characterized by skilled, often impassioned rheto-
ric. In the New Testament, the word apologia is
translated as a defense of the hope that inspires the
believer to remain upright (1 Peter 3:15), and for
Paul and Luke, apologia is employed in situations
of mission or conflict. This usage expands on the
Old Testament usage, where it possesses sapiential
qualities (Wis. 6:10). In neither case does it con-
note a legal or even a rigorous philosophical justi-
fication of religious faith.

In early Christianity, apologetics arose as a
theological response to political crisis and as the
theoretical expression for ecclesial community.
Early Christian apologetics focused primarily on
the significance of the person and work of Jesus
Christ in arguments with Jews (as in Justin Martyr’s
Dialogue with Trypbho) and later with pagan culture
through varying critical incorporations of Platonist
and gnostic ideas (as in Origen’s Contra Celsum or
Tertullian’s On Prescription Against Heretics). The-
ological arguments turned toward civil authorities
regarding the toleration of Christianity until the
time of fourth century Roman Emperor Constan-
tine. Early Christian apologetics reached a high
point with Augustine of Hippo’s City of God, and
especially The Literal Meaning of Genesis, which is
often cited in modern attempts to cohere a reading
of the biblical text with science.

In the medieval period, apologetics was di-
verted by the encounter with early Islam, evident
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through Thomas Aquinas’s Summa Contra Gen-
tiles. As a result, a theological distinction in reli-
gious knowledge between revelation and reason
was forged and intensified in a full development of
theology as a scientific discipline. Through ten-
sions resonant in early Protestant appeals to natu-
ral theology, Calvinist apologetics emerged as a
formidable stream of thought that is still manifest
in several modern theological schools. Against tra-
ditional Aristotelian metaphysics and natural theol-
ogy, John Calvin’s Institutes of the Christian Reli-
gion (1536) stressed the complete sovereignty of
God’s Word over the instrumental causes of natu-
ral powers.

Science and technology

The rise of science and technology in Europe dur-
ing the sixteenth and seventeenth centuries
brought about a stricter, empirical notion of objec-
tivity, which had a pivotal impact on theological
apologetics. Combined with a new reluctance on
the part of theologians to refer to Christian revela-
tion, the rise of the natural sciences led to dimin-
ished religious grounds for natural philosophy. In
this new situation, the religious engagement with
Enlightenment reason led to a diversity of theolog-
ical responses to the new sciences. Since the sev-
enteenth century, apologetic writing has stressed a
harmony between science and religion, by select-
ing or neglecting different aspects of scientific and
religious knowledge. Only in the late twentieth
century has attention turned to uncovering a
method of selection that might fruitfully anticipate
ongoing discoveries, updates, and new evaluations
for expressing theological knowledge.

Five historical questions are particularly impor-
tant in illustrating this pattern: Copernicanism, the
rise of physico-theology, Darwinism, biblical criti-
cism, and scientism. In each case, the initial theo-
logical reaction to new scientific learning was con-
fusion and disagreement, followed by concord and
agreement.

First, echoing Augustine’s hermeneutic that
the biblical text is revealed in a way accessible to
the uneducated, Galileo Galilei’'s Letter to the
Grand Duchess Christina (1615) was a classic at-
tempt to render Copernican astronomy and
Catholicism compatible. No recourse to a natural
proof for the existence of God was offered in the
Galilean controversy.
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Second, adopting contrary positions, in the
spirit of William Derham’s 1713 work Physico-the-
ology, thinkers like Samuel Clarke, John Ray, Nico-
las Malebranche, and René Descartes speculated
on which fundamental natural principles (mechan-
ics or mathematics) ground a proof for God’s exis-
tence. Isaac Newton’s position was the pivotal ar-
gument from design and is found in writings such
as the Opticks (1704), rather than the crucial Prin-
cipia (1687).

Third, after the mid-nineteenth century, Dar-
winism took this range of opinion and expanded it
further into two discernible currents in the English-
language world. Initially, there were those who in-
corporated the Darwinian mechanism of natural
selection and adaptation into theological reflection
(Asa Gray, Charles Kingsley, Aubrey Moore). Then,
there were those who sought to confront and to
critique evolution altogether (Charles Hodge,
Samuel Wilberforce).

Fourth, advancing beyond the various attempts
by philosophers Immanuel Kant, Friedrich Ernst
Schleiermacher, Georg Wilhlem Hegel, and theolo-
gian John Henry Newman to reestablish a synthe-
sis in knowledge, was scientific historical biblical
criticism (David Strauss, Hermann Reimarus, Albert
Schweitzer) and its impact upon biblical hermen-
eutics. This research and that which followed it
quickly eclipsed nineteenth and early twentieth
century defense of a historically precise text (Pope
Pius IX, Karl Barth).

Fifth, from the middle of the twentieth cen-
tury, a growing chorus of critique against scientific
reductionism or scientism has developed within
the natural sciences, as positivist assumptions of
earlier scientific investigation have been shown to
be limited.

Twentieth-century apologetics

Still common in the thought of evangelical Protes-
tants, conservative Catholics, and orthodox Ju-
daism, theological apologetics resembles much his-
torical literature in its continuing reference to
Christian doctrines such as incarnation, resurrec-
tion, creation, and immortality of the soul. How-
ever, in other quarters, apologetics has evolved be-
yond the focus on doctrine and has transformed
itself to accommodate the specialization of knowl-
edge and the secularization of university life. This
is reflected in the natural theology offered in the
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prestigious Gifford Lectures offered at Scottish uni-
versities since 1889. In Roman Catholicism since
1950, apologetics has been designated as “funda-
mental theology.” Ecumenism and interfaith dia-
logue have also shaped the importance and impact
of theological apologetics.

Late twentieth-century apologetic literature
with a scientific accent and doctrinal focus is rep-
resented in the writings of the scientist-theologians
Stanley Jaki, Alister McGrath, Arthur Peacocke,
John Polkinghorne, Robert John Russell, and
Thomas Torrance. A less precise theological recon-
struction of apologetics exists. It transposes Christ-
ian doctrine philosophically through a capacious
theoretical commitment. This method is present in
the writings of scientists such as Pierre Teilhard de
Chardin and Alfred North Whitehead, contempo-
rary philosophers Nancey Murphy, Joseph
Bracken, and Holmes Rolston III, as well as the
theologians Wolfhart Pannenberg and John Haught.

See also NATURAL THEOLOGY
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AQUINAS, THOMAS

See THOMAS AQUINAS

ARISTOTLE

The great monotheistic religions have regarded
Aristotle’s philosophy with both appreciation and
hostility. Christian, Islamic, and Jewish theologians



generally approved of his well-ordered, teleologi-
cal world in which final causes ordained that natu-
ral processes were directed toward the fulfillment
of particular ends. Yet Aristotle rejected various im-
portant monotheistic tenants, including the belief
that God is the ultimate cause of the existence of
the world, the resurrection of the body, and the
full immortality of the soul. As unqualified believ-
ers in these latter doctrines, Christians were partic-
ularly compelled to repudiate Aristotle. Theolo-
gians thus tended to reject or reinterpret what they
took to be Aristotle’s offensive opinions while gen-
erally accepting his larger natural philosophy.

Life and work

Aristotle was born in the town of Chalcidice in
northern Greece in 384 B.C.E. His father was a
physician to the King of Macedon. In 367, at the
age of seventeen, Aristotle was sent to Athens to
study at Plato’s Academy, where he remained for
twenty years, until Plato’s death in 347. Since he
was not chosen to replace Plato as the head of the
Academy, Aristotle began a period of travel in Asia
Minor, living for awhile in Assos (where he married
a woman named Pythias) and then Lesbos until
342, when he accepted King Philip of Macedon’s
invitation to tutor his son, the future Alexander the
Great, then fourteen years old. When Alexander
succeeded his father as ruler in 335, Aristotle re-
turned to Athens where he founded his famous
school, the Lyceum. Thus began Aristotle’s most
productive period, which endured until 323, when
news of the death of Alexander the Great pro-
voked anti-Macedonian feelings in Athens. A false
charge of impiety was made against Aristotle, who
then fled Athens to Chalcis in Euboea, where he
died in the following year, at the age of sixty-two.

It would be difficult to exaggerate the impor-
tance of Aristotle in the history of Western civiliza-
tion. Not only were his numerous works a domi-
nant factor in at least three civilizations (the
Byzantine Empire, Islam, and the Latin West) using
three different languages (Greek, Arabic, and Latin,
respectively), but his works and ideas remained in-
fluential for approximately two thousand years.
Aristotle’s enormous influence derives not only
from his overall brilliance, but also from the fact
that he wrote treatises on a remarkable range of
topics, which included metaphysics, logic, natural
philosophy, biology, ethics, psychology, rhetoric,
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poetics, politics, and economics (or household
management). He is regarded as the founder of
two disciplines, logic and biology. The first book of
Aristotle’s Metaphysics is the first history of philos-
ophy as well as the first history of science, while
his Posterior Analytics is regarded as the first trea-
tise on the philosophy, or methodology, of science.
Finally, in six or seven treatises, Aristotle described
the structure and operation of the world, thereby
formulating a natural philosophy that served as the
primary guide for natural philosophers from late
antiquity to the seventeenth century in Western Eu-
rope, when it was displaced by a new world view
associated with Nicolaus Copernicus, Galileo
Galilei, Isaac Newton, and many others.

Aristotle reveals a scientific temperament in all
his treatises, always emphasizing reason and rea-
soned argument. He was highly analytic, dividing
and categorizing before arriving at important prin-
ciples and generalizations. He always gives the im-
pression of objectivity and detachment. In coping
with any particular problem, Aristotle considered
alternative solutions as carefully as possible before
resolving the problem.

Aristotle and the divine

Aristotle’s views about religion and divinity play a
role in his overall conception of the cosmos and its
workings. In Book Eight of his Physics, he de-
scribes what he calls the “Unmoved Mover” or
“Prime Mover,” which is the ultimate source, or
cause, of motion in the universe, but is itself un-
moved. For Aristotle this is God, who dwells at the
circumference of the universe and causes motion
by being loved. The closer to the Unmoved Mover
a body is, the more quickly it moves. Although the
Unmoved Mover is God, it did not create the
world, which Aristotle regarded as uncreated and
eternal. As the prime mover, God enjoys the best
kind of life, being completely unaware of anything
external to itself and, being the most worthy object
of thought, thinks only of itself.

Aristotle’s God was clearly not a divinity to be
worshipped. Apart from serving as the ultimate
source of motion, God, ignorant of the world’s ex-
istence, could play no meaningful role in Aristotle’s
natural philosophy. Nevertheless, Aristotle seems
to have had a strong sense of the divine, which
manifested itself in a sense of wonderment and
reverence for the universe.
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Aristotle’s sense of God was unacceptable to
Christians, Muslims, and Jews. Although Plato’s
concept of a God who created from pre-existent
matter was also unacceptable, it was far more
palatable to monotheists than was Aristotle’s Un-
moved Mover, who did not create the world. In-
deed, it could not have created the world because,
argued Aristotle, the world is eternal, without be-
ginning or end. Aristotle insisted that the material
world could not have come into being from an-
other material entity, say B. For if it did, one would
have to ask from whence did B come? Such an ar-
gument would lead to the absurdity of an infinite
regression, prompting Aristotle to argue that the
world has always existed, an interpretation that
posed further problems for Muslims and Christians.
Consistent with his assumption of an eternal
world, Aristotle regarded creation from nothing as
impossible.

Aristotle’s concept of nature was fully compat-
ible with those of the major religions. Indeed he
provided basic interpretations that were widely
adopted. Aristotle distinguished four operative
causes in nature:

M

the material cause, or that from which some-
thing is composed,;

@)

the efficient cause, or the agent that made
something come into being;

3

the formal cause, or the characteristics that
make it what it is; and

€9

the final cause, or the purpose for which
something exists.

It is the last cause that makes Aristotle’s system
teleological. Although he did not believe that con-
scious purposes existed in nature, he was con-
vinced that processes in nature aim toward an end
or goal and that “nature does nothing in vain.” It is
therefore appropriate to characterize Aristotle’s
natural philosophy and science as teleological, a
view of nature’s operations that fits nicely into the
Christian conception of God’s creation.

The manner in which Aristotle argued and ren-
dered judgments provoked Christian theologians in
the Middle Ages. On a number of issues, Aristotle
produced arguments about the physical world that
led him to conclude the impossibility of certain
phenomena. For example, in the fourth book of
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Physics, Aristotle argued that the existence of a vac-
uum is impossible inside or outside of our world.
Space is always full of matter, which resists the mo-
tion of bodies. In the absence of matter in a vac-
uum, resistance to motion of any kind would be
impossible. Without resistance to its motion, a body
would move instantaneously, which is impossible.

In the first book of his treatise On the Heavens,
Aristotle showed the impossibility of the existence
of other worlds. Our world, Aristotle argued, con-
tains all the matter there is, with no surplus left to
form one or more other worlds, from which he
concludes that “there is not now a plurality of
worlds, nor has there been, nor could there be.”

Aristotle also argued that without exception all
accidental properties—that is, properties that are
not essential for the existence of a thing—such as
colors, the height of an individual, the size of one’s
foot, and so on, had of necessity to inhere in the
substances of which they were the property. It was
impossible that an accidental property exist inde-
pendently of its subject.

In these, and similar instances, Christians were
alarmed at the implications of Aristotle’s argu-
ments, for it seemed to place limits on God’s ab-
solute power to do whatever God pleased, short of
a logical contradiction. Did those who accepted
Aristotle’s natural philosophy and metaphysics be-
lieve that God could not supernaturally create a
vacuum just because Aristotle had argued that it
was naturally impossible? Did they believe that
God could not create other worlds if God wished,
simply because Aristotle had argued that other
worlds were impossible? And did they regard Aris-
totle’s argument as unqualifiedly true when he de-
clared it impossible that accidents of a substance
could exist independently of that substance? The
latter claim violated the doctrine of the Eucharist,
namely that when God transforms the bread and
wine of the Mass into the body and blood of
Christ, the accidents of the bread and wine con-
tinue to exist without inhering in any substances.
The uneasiness with limitations on God’s absolute
power led theologians in the thirteenth century to
place restrictions on Aristotle’s natural philosophy.
Despite the attempt to circumscribe Aristotle’s
ideas, the effort did not in any way dampen the
enthusiasm with which his works were received in
the Latin West, where, during the fourteenth to



early seventeenth centuries, they functioned as the
curriculum in the arts faculties of virtually all of the
sixty to seventy universities that had come into ex-
istence by that time.

Conclusion

Why did the works of Aristotle become so popular
in the West despite the many ideas he had pro-
posed that were offensive to Christians and Chris-
tianity? The answer is quite simple: His collected
works ranged over many themes and subjects and
were therefore too valuable to ignore. Moreover, no
rival body of literature existed that could pose even
a remote challenge to it. By the early seventeenth
century, however, numerous new currents of
thought came together to subvert Aristotle’s natural
philosophy, which was largely overwhelmed and
by-passed by the end of the seventeenth century.

See also GALILEO GALILEI; GOD; ISLAM; METAPHYSICS;
NEWTON, ISAAC; PLATO; TELEOLOGY
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EDWARD GRANT

ART, ORIGINS OF

Some thirty-three thousand years ago a human
being living in what is now Germany carved a fig-
ure like a man with a lion’s head from a piece of
mammoth tusk. Other ivory figurines were made
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nearby—felines, horses, bison, and mammoth—
some with incised markings. Personal decorations
appear even earlier. Some beads made from shells
from distant shores indicate something special
about the materials themselves. Some of the paint-
ings in Chauvet Cave in France have been dated to
thirty thousand years before the present, and other
cave art may be just as old. Painted slabs from
South Africa’s Apollo Cave are more than twenty-
seven thousand years old, and Australian wall en-
gravings, though less securely dated, may be forty
thousand years old. Early Aurignacian sites from
thirty-two thousand years ago have produced mul-
tiholed bone flutes. Percussion instruments are
nearly as old. Footprints beaten into the floors of
some Paleolithic caves may suggest dancing.

Over twelve thousand items of Paleolithic
portable art have been found in Western Europe
alone. There are now three hundred decorated
cave sites known, some with only a handful of fig-
ures, others with thousands. Humans have been
producing art for at least three hundred centuries,
portable and parietal, in varied materials, and in
widely separate parts of the world. Unfortunately,
it is not clear how much this knowledge reveals
about the origins of art.

Temporal beginnings and the nature of art

Even asking where and when art began is more
complicated than it seems. Because researchers de-
pend on the vagaries of preservation and some-
times chance discovery, it is likely that many other
works were created but not (yet) found. Even
Chauvet Cave was unknown before 1994. A further
complication concerns what qualifies as art or can
be conceived as a “precursor” to art. The zoologist
Jane Goodall observed wild chimpanzees engaged
in a kind of rain dance. Desmond Morris found
that apes like to paint—they do so without re-
wards—and their paintings show balance, control,
and varied themes. John Pfeiffer detected among
Homo habilis (an extinct member of the human
genus that lived in Africa approximately 2.5 million
years ago) a possible a preference for green lava
and smooth pink pebbles, and the geologist and
anthropologist Kenneth Oakley notes that fossils
that may have been used as charms are common
in Paleolithic sites. A rough female form on a peb-
ble from Berekhat Ram, Israel, dated to 230,000
years ago. Is this art or our own imagination? The
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amazingly early date makes it both more interest-
ing and more difficult to accept.

Art is not easily defined. Robert Layton notes
an imprecise, shifting boundary, and different ap-
proaches that are hard to correlate, especially with
regard to the aesthetic perspective and to art as
communication. Anthropologists now commonly
shy away from using the term art. Margaret Con-
key and Olga Soffer advocate not thinking of these
images as art but studying them as examples of
human symbolic behavior. Some forms of art, such
as song, dance, and storytelling, are transient, but
other art is more enduring, separating communica-
tion from the constraints of time and location. Ex-
ternal symbolic storage is of inestimable value in
human history, and the arts were among the first
media so used.

Sources of art: cogitations, motivations,
adaptations, and inspirations

Just as fundamental as the timing and context of its
first appearance are the sources from which art
arose. Steven Mithin believes the dramatic devel-
opment of culture, seen in some places as early as
fifty thousand years ago and established wherever
humans lived by thirty thousand years ago, repre-
sents a major redesign of the human mind. The
premodern mind had consisted of a suite of rela-
tively separate, specialized intelligences (social, lin-
guistic, natural historical, technical) and the rapid
appearance of art and religion is evidence that a
generalized intelligence, similar to that of modern
humans, allowed people to combine thoughts
from the formerly separate intelligences.

Psychological explanations had proliferated
even by 1900 when Yr1jo Hirn’s The Origins of Art
reviewed many suggestions, from James Mark
Baldwin’s “self-exhibiting impulse” to Hirn’s own
preference for locating the art impulse in the
human tendency to externalize feeling states,
heightening the pleasure and relieving the pain of
these feelings and awakening similar feelings in
others. The nineteenth-century Russian novelist
Leo Tolstoy similarly saw art as a communication
of feelings, dependent upon and nurturing empa-
thy. Jumping ahead many years and theories,
Nancy Aiken also attributes the origins of art to its
emotional effects. This need not involve beauty but
could engage any emotion. Some of the same stim-
uli (lines, shapes) that naturally trigger reactions
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are used in art to trigger emotional responses that
are evaluated as aesthetic. This connection with
biologically built-in responses accounts for the uni-
versality of the human aesthetic response.

Many models are selectionist, proposing more
or less plausible scenarios for how art aids adapta-
tion and so is increasingly favored in early popula-
tions. Charles Darwin suggested that the ability to
create feelings with music gave certain individuals
an edge in attracting mates. Interestingly, his fellow
discoverer of natural selection, Alfred Russel Wal-
lace, believed natural selection could not account
for artistic faculties and proposed a “spiritual
essence,” a kind of God-of-the-gaps view of
human development. Some arguments involve
ecological adaptation rather than the psychology
of emotion or sexual selection. Pfeiffer proposed
that art arose out of necessity to hold the group to-
gether, reduce conflict, and pass on a growing
body of wisdom. Looking back, art is an advance,
but Terrence Deacon believes it was really a des-
perate response to change, perhaps to a degrading
environment. Such models seem to take a pes-
simistic view of human freedom and creativity, yet
wracking one’s brains for a solution takes as much
creativity as dreaming on a sunny afternoon.

Ellen Dissanayake’s ethological approach in-
volves finding core behaviors that natural selection
could work on. Most important is “making special,”
through which reality is elaborated, reformed, and
placed in a different realm, usually a magical or su-
pernatural world, though often today a purely aes-
thetic realm. In contrast Helena Cronin suggests a
pre-adaptation route in which art arose as an unse-
lected by-product of some other adaptation. This
may be true of many potentials of the human mind,
some of which, perhaps, have yet to be discovered.

John Barrow pushes the causal nexus with the
fascinating notion that the structure of the universe
itself helped shape human creativity and aesthetic
sense. Scale is important—if people were the size
of ants, they would lack the strength to break
chemical bonds as they do when chipping stones
or carving ivory. Human associations of colors with
emotions may relate to properties of light. Barrow
also attempts to trace some aesthetic preferences
to human adaptation to an ancestral savanna
homeland. While intriguing, however, there really
was no single “ancestral environment” upon which



to base such an argument. Indeed, Rick Potts con-
vincingly argues that the time of human evolution
was marked by intense environmental variability
and that the flexible cognition of human beings
was an adaptation to instability. Perhaps human
creativity and the aesthetic sense also developed in
response to environmental instability.

Or did the arts grow from the human need to
impose order on human intelligence and its capac-
ity for self-revelation? Once human beings “left the
garden,” they needed art to cope with their new
knowledge, for natural selection could not keep
up. In thus recognizing art’s connection with the
deepest questioning of humans, sociobiologist Ed-
ward O. Wilson offers an almost theological argu-
ment, though his aim is consilience, the interlock-
ing of causal explanations across disciplines.

Because of the human predicament Wilson
captures so well, the arts have been deeply con-
nected with religion. Much of the world’s art is re-
ligious and so are many interpretations. Returning
to the caves, the most influential is the idea, cham-
pioned by the Abbé Breuil, that the art was in-
volved in hunting magic. Structuralism, via Annette
Laming-Emperaire and André Leroi-Gourhan, has
also been important. Whatever one thinks of struc-
turalism, art is deeply symbolic, and its meaning
not easily perceived from another culture. David
Lewis-Williams notes that Leonardo da Vinci’s Last
Supper has little to do with men eating. And for
Clifford Geertz, the cultural significance of art is a
“local matter.” Jean Clottes and Lewis-Williams
argue for a connection with shamanism in which
the caves are spaces for ritual such as making im-
ages expressing the trance and hallucinatory expe-
riences of shamanic activity.

Noting Jeremy Begbie’s defense of art as
knowledge, John Polkinghorne sees art as a vehi-
cle for access to truth, a view not uncommon
among artists and writers such as Madeleine L’En-
gle, C. S. Lewis, Larry Woiwode, and John Keats,
who famously wrote in Ode on a Grecian Urn that
“Beauty is truth, truth beauty.” Ursula Goodenough
also sees in art a source of nobility, grace, and
pleasure, and Thomas Dubay notes that even in
mathematics and science, beauty is evidence for
truth. Beauty and art are not coextensive but surely
related. Polkinghorne points out “That a temporal
succession of vibrations in the air can speak to us
of eternity is a fact that must be accommodated in
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any adequate account of reality” (p. 45). Intima-
tions of truth and contact with eternity are power-
ful motivations. In art and music, like religion,
there is a dimension of reality that transcends the
material world. Indeed, Alejandro Garcia-Riviera
suggests that if God is truth, goodness, and beauty,
experience of these is an experience of God.

Interlocking causal explanations

An interlocking of explanations may be crucial for
understanding the origins of art. Theological per-
spectives are not necessarily at odds with other
ideas, and they may add an important dimension
to theories of art’s causation and motivation. Art as
a window onto truth not otherwise apprehended
makes sense of the deepest experience of art. It is
a motivation for “making special” and may also be
why the shaman creates art after one spiritual jour-
ney as an aid to the next. In some models, this
“truth” consists in the capture and communication
of an experience or feeling. This also makes sense,
for whatever their ultimate sources, revelations
and intimations come to an artist through experi-
ences or feelings dependent on the human nerv-
ous and cognitive systems. And by whatever route,
people have natural selection to thank for this
wonderful facility for exploring truth. It is the uni-
versality of certain human experiences and certain
truths so conveyed that allows (some) art to com-
municate across generations. Lascaux, arguably the
most famous of the painted prehistoric caves in
France, still conveys real truth, very possibly some
of what the artists had in mind, if only in the back
of their minds, so many centuries ago.

See also ANTHROPOLOGY; CULTURE, ORIGINS OF;
PALEOANTHROPOLOGY
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ARTIFICIAL INTELLIGENCE

Artificial intelligence (AD is the field within com-
puter science that seeks to explain and to emulate,
through mechanical or computational processes,
some or all aspects of human intelligence. In-
cluded among these aspects of intelligence are the
ability to interact with the environment through
sensory means and the ability to make decisions in
unforeseen circumstances without human inter-
vention. Typical areas of research in Al include
game playing, natural language understanding and
synthesis, computer vision, problem solving, learn-
ing, and robotics.
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The above is a general description of the field,;
there is no agreed upon definition of artificial in-
telligence, primarily because there is little agree-
ment as to what constitutes intelligence. Interpre-
tations of what it means to be intelligent vary, yet
most can be categorized in one of three ways. In-
telligence can be thought of as a quality, an indi-
vidually held property that is separable from all
other properties of the human person. Intelligence
is also seen in the functions one performs, in ac-
tions or the ability to carry out certain tasks. Finally,
some researchers see intelligence as a quality that
can only be acquired and demonstrated through
relationship with other intelligent beings. Each of
these understandings of intelligence has been used
as the basis of an approach to developing com-
puter programs with intelligent characteristics.

First attempts: symbolic AL

The field of Al is considered to have its origin in the
publication of British mathematician Alan Turing’s
(1912-1954) paper “Computing Machinery and In-
telligence” (1950). The term itself was coined six
years later by mathematician and computer scientist
John McCarthy (b. 1927) at a summer conference at
Dartmouth College in New Hampshire. The earliest
approach to Al is called symbolic or classical Al and
is predicated on the hypothesis that every process
in which either a human being or a machine en-
gages can be expressed by a string of symbols that
is modifiable according to a limited set of rules that
can be logically defined. Just as geometry can be
built from a finite set of axioms and primitive ob-
jects such as points and lines, so symbolicists, fol-
lowing rationalist philosophers such as Ludwig
Wittgenstein (1889-1951) and Alfred North White-
head (1861-1947), predicated that human thought
is represented in the mind by concepts that can be
broken down into basic rules and primitive objects.
Simple concepts or objects are directly expressed
by a single symbol while more complex ideas are
the product of many symbols, combined by certain
rules. For a symbolicist, any patternable kind of
matter can thus represent intelligent thought.

Symbolic AT met with immediate success in
areas in which problems could be easily described
using a limited domain of objects that operate in a
highly rule-based manner, such as games. The
game of chess takes place in a world where the
only objects are thirty-two pieces moving on a
sixty-four square board according to a limited



number of rules. The limited options this world
provides give the computer the potential to look
far ahead, examining all possible moves and coun-
termoves, looking for a sequence that will leave its
pieces in the most advantageous position. Other
successes for symbolic Al occurred rapidly in sim-
ilarly restricted domains such as medical diagnosis,
mineral prospecting, chemical analysis, and math-
ematical theorem proving.

Symbolic Al faltered, however, not on difficult
problems like passing a calculus exam, but on the
easy things a two year old child can do, such as
recognizing a face in various settings or under-
standing a simple story. McCarthy labels symbolic
programs as brittle because they crack or break
down at the edges; they cannot function outside or
near the edges of their domain of expertise since
they lack knowledge outside of that domain,
knowledge that most human “experts” possess in
the form of what is known as common sense. Hu-
mans make use of general knowledge—the mil-
lions of things that are known and applied to a sit-
uation—both consciously and subconsciously.
Should it exist, it is now clear to Al researchers that
the set of primitive facts necessary for representing
human knowledge is exceedingly large.

Another critique of symbolic Al, advanced by
Terry Winograd and Fernando Flores in their 1986
book Understanding Computers and Cognition is
that human intelligence may not be a process of
symbol manipulation; humans do not carry mental
models around in their heads. Hubert Dreyfus
makes a similar argument in Mind over Machine
(1980); he suggests that human experts do not ar-
rive at their solutions to problems through the ap-
plication of rules or the manipulation of symbols,
but rather use intuition, acquired through multiple
experiences in the real world. He describes sym-
bolic Al as a “degenerating research project,” by
which he means that, while promising at first, it
has produced fewer results as time has progressed
and is likely to be abandoned should other alter-
natives become available. This prediction has
proven fairly accurate. By 2000 the once dominant
symbolic approach had been all but abandoned in
Al, with only one major ongoing project, Douglas
Lenat’s Cyc (pronounced “psych”). Lenat hopes to
overcome the general knowledge problem by pro-
viding an extremely large base of primitive facts.
Lenat plans to combine this large database with
the ability to communicate in a natural language,
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hoping that once enough information is entered
into Cyc, the computer will be able to continue the
learning process on its own, through conversation,
reading, and applying logical rules to detect pat-
terns or inconsistencies in the data Cyc is given.
Initially conceived in 1984 as a ten-year initiative,
Cyc has not yet shown convincing evidence of ex-
tended independent learning.

Functional or weak AI

In 1980, John Searle, in the paper “Minds, Brains,
and Programs,” introduced a division of the field of
Al into “strong” and “weak” Al. Strong Al denoted
the attempt to develop a full human-like intelli-
gence, while weak AT denoted the use of Al tech-
niques to either better understand human reason-
ing or to solve more limited problems. Although
there was little progress in developing a strong Al
through symbolic programming methods, the at-
tempt to program computers to carry out limited
human functions has been quite successful. Much
of what is currently labeled Al research follows a
functional model, applying particular programming
techniques, such as knowledge engineering, fuzzy
logic, genetic algorithms, neural networking,
heuristic searching, and machine learning via sta-
tistical methods, to practical problems. This view
sees Al as advanced computing. It produces work-
ing programs that can take over certain human
tasks. Such programs are used in manufacturing
operations, transportation, education, financial
markets, “smart” buildings, and even household
appliances.

For a functional Al, there need be no quality
labeled “intelligence” that is shared by humans and
computers. All computers need do is perform a
task that requires intelligence for a human to per-
form. It is also unnecessary, in functional Al, to
model a program after the thought processes that
humans use. If results are what matters, then it is
possible to exploit the speed and storage capabili-
ties of the digital computer while ignoring parts of
human thought that are not understood or easily
modeled, such as intuition. This is, in fact, what
was done in designing the chess-playing program
Deep Blue, which in 1997 beat the reigning world
chess champion, Gary Kasparov. Deep Blue does
not attempt to mimic the thought of a human chess
player. Instead, it capitalizes on the strengths of
the computer by examining an extremely large
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number of moves, more moves than any human
player could possibly examine.

There are two problems with functional Al
The first is the difficulty of determining what falls
into the category of Al and what is simply a normal
computer application. A definition of AI that in-
cludes any program that accomplishes some func-
tion normally done by a human being would en-
compass virtually all computer programs. Nor is
there agreement among computer scientists as to
what sorts of programs should fall under the rubric
of AL. Once an application is mastered, there is a
tendency to no longer define that application as Al
For example, while game playing is one of the
classical fields of AI, Deep Blue’s design team em-
phatically states that Deep Blue is not artificial in-
telligence, since it uses standard programming and
parallel processing techniques that are in no way
designed to mimic human thought. The implica-
tion here is that merely programming a computer
to complete a human task is not Al if the computer
does not complete the task in the same way a
human would.

For a functional approach to result in a full
human-like intelligence it would be necessary not
only to specify which functions make up intelli-
gence, but also to make sure those functions are
suitably congruent with one another. Functional Al
programs are rarely designed to be compatible
with other programs; each uses different tech-
niques and methods, the sum of which is unlikely
to capture the whole of human intelligence. Many
in the AI community are also dissatisfied with a
collection of task-oriented programs. The building
of a general human-like intelligence, as difficult a
goal as it may seem, remains the vision.

A relational approach

A third approach is to consider intelligence as ac-
quired, held, and demonstrated only through rela-
tionships with other intelligent agents. In “Com-
puting Machinery and Intelligence” (1997), Turing
addresses the question of which functions are es-
sential for intelligence with a proposal for what
has come to be the generally accepted test for ma-
chine intelligence. An human interrogator is con-
nected by terminal to two subjects, one a human
and the other a machine. If the interrogator fails as
often as he or she succeeds in determining which
is the human and which the machine, the machine
could be considered as having intelligence. The
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Turing Test is not based on the completion of tasks
or the solution of problems by the machine, but on
the machine’s ability to relate to a human being in
conversation. Discourse is unique among human
activities in that it subsumes all other activities
within itself. Turing predicted that by the year
2000, there would be computers that could fool an
interrogator at least thirty percent of the time. This,
like most predictions in Al, was overly optimistic.
No computer has yet come close to passing the
Turing Test.

The Turing Test uses relational discourse to
demonstrate intelligence. However, Turing also
notes the importance of being in relationship for
the acquisition of knowledge or intelligence. He es-
timates that the programming of the background
knowledge needed for a restricted form of the
game would take at a minimum three hundred per-
son-years to complete. This is assuming that the
appropriate knowledge set could be identified at
the outset. Turing suggests that rather than trying to
imitate an adult mind, computer scientists should
attempt to construct a mind that simulates that of a
child. Such a mind, when given an appropriate ed-
ucation, would learn and develop into an adult
mind. One AI researcher taking this approach is
Rodney Brooks of the Massachusetts Institute of
Technology, whose lab has constructed several ro-
bots, including Cog and Kismet, that represent a
new direction in Al in which embodiedness is cru-
cial to the robot’s design. Their programming is dis-
tributed among the various physical parts; each
joint has a small processor that controls movement
of that joint. These processors are linked with faster
processors that allow for interaction between joints
and for movement of the robot as a whole. These
robots are designed to learn tasks associated with
human infants, such as eye-hand coordination,
grasping an object, and face recognition through
social interaction with a team of researchers. Al-
though the robots have developed abilities such as
tracking moving objects with the eyes or withdraw-
ing an arm when touched, Brooks’s project is too
new to be assessed. It may be no more successful
than Lenat’s Cyc in producing a machine that could
interact with humans on the level of the Turing
Test. However Brooks’s work represents a move-
ment toward Turing’s opinion that intelligence is
socially acquired and demonstrated.

The Turing Test makes no assumptions as to
how the computer arrives at its answers; there



need be no similarity in internal functioning be-
tween the computer and the human brain. How-
ever, an area of Al that shows some promise is that
of neural networks, systems of circuitry that repro-
duce the patterns of neurons found in the brain.
Current neural nets are limited, however. The
human brain has billions of neurons and re-
searchers have yet to understand both how these
neurons are connected and how the various neu-
rotransmitting chemicals in the brain function. De-
spite these limitations, neural nets have repro-
duced interesting behaviors in areas such as
speech or image recognition, natural-language pro-
cessing, and learning. Some researchers, including
Hans Moravec and Raymond Kurzweil, see neural
net research as a way to reverse engineer the
brain. They hope that once scientists can design
nets with a complexity equal to the human brain,
the nets will have the same power as the brain and
develop consciousness as an emergent property.
Kurzweil posits that such mechanical brains, when
programmed with a given person’s memories and
talents, could form a new path to immortality,
while Moravec holds out hope that such machines
might some day become our evolutionary children,
capable of greater abilities than humans currently
demonstrate.

Al in science fiction

A truly intelligent computer remains in the realm of
speculation. Though researchers have continually
projected that intelligent computers are immanent,
progress in Al has been limited. Computers with
intentionality and self consciousness, with fully
human reasoning skills, or the ability to be in rela-
tionship, exist only in the realm of dreams and de-
sires, a realm explored in fiction and fantasy.

The artificially intelligent computer in science
fiction story and film is not a prop, but a character,
one that has become a staple since the mid-1950s.
These characters are embodied in a variety of
physical forms, ranging from the wholly mechani-
cal (computers and robots) to the partially me-
chanical (cyborgs) and the completely biological
(androids). A general trend from the 1950s to the
1990s has been to depict intelligent computers in
an increasingly anthropomorphic way. The robots
and computers of early films, such as Maria in Fritz
Lang’s Metropolis (1926), Robby in Fred Wilcox’s
Forbidden Planet (1956), Hal in Stanley Kubrick’s
2001: A Space Odyssey (1968), or R2D2 and C3PO
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in George Lucas’s Star Wars (1977), were clearly
constructs of metal. On the other hand, early sci-
ence fiction stories, such as Isaac Asimov’s I, Robot
(1950), explored the question of how one might
distinguish between robots that looked human and
actual human beings. Films and stories from the
1980s through the early 2000s, including Ridley
Scott’s Blade Runner (1982) and Stephen Spiel-
berg’s A.I. (2001), pick up this question, depicting
machines with both mechanical and biological
parts that are far less easily distinguished from
human beings.

Fiction that features Al can be classified in two
general categories: cautionary tales (A.1., 2001) or
tales of wish fulfillment (Star Wars; I, Robot). These
present two differing visions of the artificially in-
telligent being, as a rival to be feared or as a
friendly and helpful companion.

Philosophical and theological questions

What rights would an intelligent robot have? Will
artificially intelligent computers eventually replace
human beings? Should scientists discontinue re-
search in fields such as artificial intelligence or
nanotechnology in order to safeguard future lives?
When a computer malfunctions, who is responsi-
ble? These are only some of the ethical and theo-
logical questions that arise when one considers the
possibility of success in the development of an ar-
tificial intelligence. The prospect of an artificially
intelligent computer also raises questions about the
nature of human beings. Are humans simply ma-
chines themselves? At what point would replacing
some or all human biological parts with mechani-
cal components violate one’s integrity as a human
being? Is a human being’s relationship to God at all
contingent on human biological nature? If humans
are not the end point of evolution, what does this
say about human nature? What is the relationship
of the soul to consciousness or intelligence? While
most of these questions are speculative in nature,
regarding a future that may or may not come to be,
they remain relevant, for the way people live and
the ways in which they view their lives stand to be
critically altered by technology. The quest for arti-
ficial intelligence reveals much about how people
view themselves as human beings and the spiritual
values they hold.

See also ALGORITHM; ARTIFICIAL LIFE; CYBERNETICS;
CYBORG; IMAGO DEI; THINKING MACHINES;
TURING TEST
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ARTIFICIAL LIFE

Artificial life is a cross-disciplinary field of research
devoted to the study and creation of lifelike struc-
tures in various media (computational, biochemi-
cal, mechanical, or combinations of these). A cen-
tral aim is to model and even realize emergent
properties of life, such as self-reproduction,
growth, development, evolution, learning, and
adaptive behavior. Researchers of artificial life also
hope to gain general insights about self-organizing
systems, and to use the approaches and principles
in technology development.

Evolution of research

The historical and theoretical roots of the field are
manifold. These roots include:

e carly attempts to imitate the behavior of hu-
mans and animals by the invention of me-
chanical automata in the sixteenth century;

e cybernetics as the study of general princi-
ples of informational control in machines
and animals;

e computer science as theory and the idea of
abstract equivalence between various ways
to express the notion of computation, in-
cluding physical instantiations of systems
performing computations;

e John von Neumann’s so-called self-

reproducing Cellular Automata;

e computer science as a set of technical prac-
tices and computational architectures;

e artificial intelligence (AD

* robotics;



e philosophy and system science notions of
levels of organization, hierarchies, and emer-
gence of new properties;

® non-linear science, such as the physics of
complex systems and chaos theory; theoreti-
cal biology, including abstract theories of life
processes; and

e evolutionary biology.

Despite the field’s long history, the first inter-
national conference for artificial life was not held
until 1987. The conference was organized by the
computer scientist C. G. Langton, who sketched a
future synthesis of the field’s various roots and for-
mulated important elements of a research program.

In the first five years after 1987, the research
went through an exploratory phase in which it was
not always clear by what criteria one could evalu-
ate individual contributions, and some biologists
were puzzled about what could falsify a specific
piece of research. Later the field stabilized into
clusters of research areas, each with it own mod-
els, questions, and works in progress. As in artifi-
cial intelligence research, some areas of artificial
life research are mainly motivated by the attempt
to develop more efficient technological applica-
tions by using biologic inspired principles. Exam-
ples of such applications include modeling archi-
tectures to simulate complex adaptive systems, as
in traffic planning, and biologically inspired im-
mune systems for computers. Other areas of re-
search are driven by theoretical questions about
the nature of emergence, the origin of life, and
forms of self-organization, growth, and complexity.

The media of artificial life

Artificial life may be labeled software, hardware,
or wetware, depending on the type of media re-
searchers work with.

Software. Software artificial life is rooted in com-
puter science and represents the idea that life is
characterized by form, or forms of organization,
rather than by its constituent material. Thus, “life”
may be realized in some form (or media) other
than carbon chemistry, such as in a computer’s
central processing unit, or in a network of com-
puters, or as computer viruses spreading through
the Internet. One can build a virtual ecosystem and
let small component programs represent species
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of prey and predator organisms competing or co-
operating for resources like food.

The difference between this type of artificial
life and ordinary scientific use of computer simu-
lations is that, with the latter, the researcher at-
tempts to create a model of a real biological system
(e.g., fish populations of the Atlantic Ocean) and to
base the description upon real data and estab-
lished biologic principles. The researcher tries to
validate the model to make sure that it represents
aspects of the real world. Conversely, an artificial
life model represents biology in a more abstract
sense; it is not a real system, but a virtual one,
constructed for a specific purpose, such as investi-
gating the efficiency of an evolutionary process of
a Lamarckian type (based upon the inheritance of
acquired characters) as opposed to Darwinian evo-
lution (based upon natural selection among ran-
domly produced variants). Such a biologic system
may not exist anywhere in the real universe. As
Langton emphasized, artificial life investigates “the
biology of the possible” to remedy one of the in-
adequacies of traditional biology, which is bound
to investigate how life actually evolved on Earth,
but cannot describe the borders between possible
and impossible forms of biologic processes. For
example, an artificial life system might be used to
determine whether it is only by historical accident
that organisms on Earth have the universal genetic
code that they have, or whether the code could
have been different.

It has been much debated whether virtual life
in computers is nothing but a model on a higher
level of abstraction, or whether it is a form of gen-
uine life, as some artificial life researchers main-
tain. In its computational version, this claim im-
plies a form of Platonism whereby life is regarded
as a radically medium-independent form of exis-
tence similar to futuristic scenarios of disembodied
forms of cognition and AI that may be downloaded
to robots. In this debate, classical philosophical is-
sues about dualism, monism, materialism, and the
nature of information are at stake, and there is no
clear-cut demarcation between science, meta-
physics, and issues of religion and ethics. If it really
is possible to create genuine life “from scratch” in
other media, the ethical concerns related to this re-
search are intensified: In what sense can the
human community be said to be in charge of cre-
ating life de novo by non-natural means?
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Hardware. Hardware artificial life refers to small
animal-like robots, usually called animats, that re-
searchers build and use to study the design princi-
ples of autonomous systems or agents. The func-
tionality of an agent (a collection of modules, each
with its own domain of interaction or competence)
is an emergent property of the intensive interaction
of the system with its dynamic environment. The
modules operate quasi-autonomously and are
solely responsible for the sensing, modeling, com-
puting or reasoning, and motor control that is nec-
essary to achieve their specific competence. Direct
coupling of perception to action is facilitated by
the use of reasoning methods, which operate on
representations that are close to the information of
the sensors.

This approach states that to build a system that
is intelligent it is necessary to have its representa-
tions grounded in the physical world. Representa-
tions do not need to be explicit and stable, but
must be situated and “embodied.” The robots are
thus situated in a world; they do not deal with ab-
stract descriptions, but with the environment that
directly influences the behavior of the system. In
addition, the robots have “bodies” and experience
the world directly, so that their actions have an im-
mediate feedback upon the robot’s own sensations.
Computer-simulated robots, on the other hand,
may be “situated” in a virtual environment, but they
are not embodied. Hardware artificial life has many
industrial and military technological applications.

Wetware. Wetware artificial life comes closest to
real biology. The scientific approach involves con-
ducting experiments with populations of real or-
ganic macromolecules (combined in a liquid
medium) in order to study their emergent self-
organizing properties. An example is the artificial
evolution of ribonucleic acid molecules (RNA) with
specific catalytic properties. (This research may be
useful in a medical context or may help shed light
on the origin of life on Earth.) Research into RNA
and similar scientific programs, however, often
take place in the areas of molecular biology, bio-
chemistry and combinatorial chemistry, and other
carbon-based chemistries. Such wetware research
does not necessarily have a commitment to the
idea, often assumed by researchers in software ar-
tificial life, that life is a composed of medium-in-
dependent forms of existence.

Thus wetware artificial life is concerned with
the study of self-organizing principles in “real
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chemistries.” In theoretical biology, autopoiesis is a
term for the specific kind of self-maintenance pro-
duced by networks of components producing their
own components and the boundaries of the net-
work in processes that resemble organizationally
closed loops. Such systems have been created arti-
ficially by chemical components not known in liv-
ing organisms.

Conclusion

Questions of theology are rarely discussed in artifi-
cial life research, but the very idea of a human re-
searcher “playing God” by creating a virtual uni-
verse for doing experiments (in the computer or the
test tube) with the laws of growth, development,
and evolution shows that some motivation for sci-
entific research may still be implicitly connected to
religious metaphors and modes of thought.

See also ARTIFICIAL INTELLIGENCE; CYBERNETICS;
CYBORG; INFORMATION TECHNOLOGY; PLAYING
GOD; ROBOTICS; TECHNOLOGY
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ASTRONOMY

Astronomy is the scientific study of the objects vis-
ible in the night sky by means of telescopes and
associated instruments that analyze the radiation
received from these objects. Using such instru-
ments, astronomers determine their positions, ap-
parent motions, distances, sizes, and total radiation
emitted. From their spectra (the decomposition of
light received from them into wavelengths) as-
tronomers determine their chemical composition
and radial motion. Astronomy distinguishes planets
from stars, and identifies the way stars are spatially
associated in star clusters, galaxies, and clusters of
galaxies. Astronomy has ancient roots arising from
peoples’ attempts to relate the annual change of
seasons to positions of stars in the sky. Astronomy
is to be distinguished from astrology, which pur-
ports to relate the events in human lives to posi-
tions of the planets at the time of one’s birth.

See also COSMOLOGY, PHYSICAL ASPECTS
GEORGE F. R. ELLIS

ASTROPHYSICS

Astrophysics is the analysis of the physical struc-
ture and evolution of objects studied by means of
astronomical observations (e.g., stars, galaxies,
radio sources, X-ray sources, quasi-stellar objects).
The physical structure of such objects depends on
a balance of gravitation, radiation pressure, and
centrifugal forces, while their evolution depends
on their initial composition and the reactions that
take place between matter and radiation. In partic-
ular, nuclear reactions create new elements in the
interior of stars and provide their major energy
source. Detailed analysis discloses important rela-
tions between the color of light emitted by a star
and its total radiation output; this relation changes
with the age of the star. At its life’s end, a star may
die in a supernova explosion, or it may end up as
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a white dwarf star, neutron star, or black hole, de-
pending on its mass.

See also ASTRONOMY; BLACK HOLE; COSMOLOGY,
PHYSICAL ASPECTS; GRAVITATION

GEORGE F. R. ELLIS

ATHEISM

Atheism, a term that began to appear with fre-
quency only in modern times, literally means the
denial of theism, that is, belief in the existence of a
personal God who creates the world and exists in-
dependently of it. This denial may be formal
and explicit, as in the writings of Karl Marx
(1818-1883), Friedrich Nietzsche (1844-1900), Sig-
mund Freud (1856-1939), and Jean-Paul Sartre
(1905-1980); or it may be an implicit “practical”
atheism in which a person or community tacitly as-
sumes that nothing transcends, or exists beyond,
the physical universe. In both cases the justification
for atheism is usually rooted in the alleged absence
of positive evidence for God’s existence. Often
vaguely referred to as “unbelief,” atheism comes in
many varieties, but it is those forms that emphasize
the lack of “evidence” for God that are of special
interest in discussions of science and religion.

Atheism also arises, of course, among those
who consider it impossible logically to reconcile
the idea of an all-powerful and omnibenevolent
God with the fact of evil and suffering in the
world. The physicist and Nobel laureate Steven
Weinberg (1933— ), for example, has stated that it is
not only the absence of evidence but, even more,
the fact of evil and suffering that grounds his own
atheism. Along with many others today, he finds in
the suffering of living beings, especially as this has
been exposed by evolutionary biology, a stronger
reason for rejecting theism than the mere absence
of physical evidence warrants. Since the days of
Charles Darwin (1809-1882) the indifference of
natural selection to the pain and the extinction of
sentient organisms has often been cited as a clinch-
ing scientific reason for atheism. Darwin himself
was unable to reconcile the idea of an intelligent
divine designer with the disturbing life-struggle
that his own evolutionary science uncovered. And
among scientists today it is more often biologists
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than physical scientists who reject the notion of a
personal God.

It should be noted, however, that the renunci-
ation of theism because of innocent suffering has
been a strong temptation quite apart from any
specifically scientific information given by evolu-
tionary biology. Darwinian depictions of life may
add support to an atheism already based on a com-
passionate protest against suffering, but the ques-
tion of how to hold together the idea of God and
the fact of suffering is as old as theism itself. In-
deed, belief in God arose in the first place, in part
at least, as a response to the fact of suffering; and
biblical as well as other religious portraits of ulti-
mate reality find in God a compassionate will to
conquer suffering and death.

Consequently, as far as the question of science
and religion is concerned, atheism is of interest
primarily when its proponents accuse theism of
failing to provide adequate evidence for its claims.
Here evidence means empirically available and
publicly accessible data that might reasonably con-
firm theistic claims. To many scientific thinkers
such evidence is ambiguous at best and completely
lacking at worst. Although the sixteenth- and sev-
enteenth-century founders of modern science
(Nicolaus Copernicus, Francis Bacon, René
Descartes, Galileo Galilei, Isaac Newton, Robert
Boyle, and others) were convinced theists, there is
little question that they ironically bequeathed to
Western intellectual culture, and especially to mod-
ern philosophy, an understanding of truth-seeking
(or an epistemic method) that has led many edu-
cated people to be skeptical of all propositions un-
supported by experimental evidence. And since it
is the very nature of theism to refer to a deity that
is sensually unavailable, or to propose that believ-
ers wait patiently in unconditional trust for a future
revelation of indisputable evidence of the divine,
the idea of God seems especially uncongenial to
confirmation by scientific method.

To those who elevate scientific method to the
status of sole or primary arbiter of truth, therefore,
all references to a hidden personal deity will be
suspect. In the absence of empirical evidence, they
ask, how can scientifically educated people be ex-
pected to take seriously theistic beliefs about the
creation of the world, the eternal love of God, or
the ultimate purpose of the universe? The re-
nowned British philosopher Antony Flew (1923—),
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applying Karl Popper’s (1902-1994) criterion of fal-
sifiability to the question of God’s existence, has
argued that since no counter-evidence would ever
be enough to uproot the beliefs of a confirmed
theist, theism violates the (scientifically shaped)
rules of rational inquiry. If God lies beyond the do-
main of possible empirical verification or falsifica-
tion, the claim goes, then theism cannot pass the
most elementary test for truth.

At times the demand for theists to provide em-
pirical evidence of God’s existence is framed as a
moral requirement, any violation of which is held
to be indicative not only of cowardice but also of
unethical insensitivity to the value of truth. The fa-
mous French biochemist and professed atheist
Jacques Monod (1910-1976), for example, sought
to base all of culture on what he called the postu-
late of (scientific) objectivity, which for him consti-
tuted the core of a new ethic of knowledge being
ushered in by the modern age of science. Accord-
ingly he dismissed theistic affirmations and all reli-
gious hope for final redemption as instances not
only of cognitive but also moral delinquency. An
earlier example of such passionate commitment to
an “ethic of knowledge” is that of the American
philosopher W. K. Clifford (1845-1879), whose
essay “The Ethics of Belief” (1879) became famous
in William James’s (1842—-1910) criticism of it in the
“The Will to Believe.” Clifford had stated that “it is
wrong always, everywhere, and for anyone to be-
lieve anything upon insufficient evidence” (p. 183),
an assertion that James along with others chastised
for its puritanical extremism. In any case, among
the beliefs for which sufficient evidence is espe-
cially lacking, at least according to Clifford’s stan-
dards, are those of theists.

Does science support atheism?

The important question, then, is whether science,
or the “scientific spirit,” provides an incontestable
basis for atheism. Although many atheists claim
that it does, strictly speaking science as such can in
principle justify neither atheism nor theism. By def-
inition scientific method places theological inter-
ests beyond the compass of its concerns. Science
does not as such ask about values, meaning, or
God. Consequently the assertion that science sanc-
tions atheism is logically spurious. Such a claim
emanates not from science but from scientism, the
belief that science is the only road to reliable



knowledge. But one may legitimately ask whether
this particular belief (scientism) orients the human
mind reliably to the fullness of being or truth. Since
it is impossible to conceive of an experimental sit-
uation that could in principle confirm or falsify the
belief that science is the sole avenue to truth, it
may be argued that scientism is a self-refuting
proposition.

Nevertheless, it is undeniable that the progress
of modern science has been accompanied histori-
cally by a rising skepticism, especially in the intel-
lectual world, about the existence of a personal
God. To many scientific thinkers the decline of
theistic religion in modern times, especially
among educated people, is a logical and not sim-
ply historical correlate of the advance of science.
Albert Einstein (1879-1955), for example, fa-
mously asserted that the existence of a personal
God, one capable of miraculously intervening in
nature or history, would be incompatible with a
basic assumption of all modern science, namely,
that the laws of nature are utterly inviolable and
invariant. For a scientist to believe in a responsive,
personal God, a God who answers prayers, would
be inconsistent with the very essence of scientific
inquiry, which can tolerate no exceptions to natu-
ral laws.

Einstein, however, did not accept the label of
“atheist” since it seemed a term of opprobrium and
one that during his lifetime often implied moral
relativism, which he vehemently opposed. More-
over, as a disciple of the famous Dutch pantheist
Baruch Spinoza (1632-1677), he was not opposed
to using the term God to refer to the mystery of
“intelligence” that pervades the universe and
makes possible the whole enterprise of scientific
exploration. Finstein considered himself a deeply
religious man, provided that “religion” is taken to
mean a firm commitment to universal values
(goodness, beauty, truth) and a cultivation of the
insurmountable “mystery” encompassing the uni-
verse. But he considered the idea of a personal
God dispensable to living religion.

Responding to Einstein, theologian Paul Tillich
(1886-1965) insisted that living religion cannot dis-
pense with the idea of a personal God since an im-
personal deity would be lower in being than per-
sons are. God must be “at least personal” in order
to evoke the attitude of religious worship. God is
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much more than personal, of course, and so theol-
ogy must acknowledge that personality is one
among many symbols that religion employs in its
attempts to understand ultimate reality; but it is not
optional to theism. Addressing the objection by sci-
entific atheists that God does not fall among the
objects of empirical investigation, Tillich replied
that God by definition cannot be one “object”
among others—even if the most exalted of these—
without ceasing thereby to be God. If God is to be
taken as the deepest reality it would be as the
“ground of being” rather than as one being among
others. Religious awareness of such a reality, how-
ever, comes not by grasping it empirically or sci-
entifically, but only by allowing oneself to be
grasped by it.

See also EVIL AND SUFFERING; FALSIFIABILITY; THEISM
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ATOMISM

Atomism (from Greek dtomos: indivisible) consid-
ers every substance (including living beings) to be
made up of indivisible and extremely small material
particles, the atoms. Every sensual quality of per-
ceptible bodies has to be explained by the qualities,
configurations, and changes of the atoms compos-
ing it, so that the (secondary) qualities of a com-
pound are completely determined by and reducible
to the (primary) qualities of its component atoms.

Historically, atomism can be traced back to an-
tiquity, namely to the pre-Socratic philosophers of
nature, Leucippus (born c¢. 480/470 B.C.E.) and
Democritus (c. 460-370 B.C.E.). Due to Aristotle’s
convincing arguments against atomism, and be-
cause of its materialistic and atheistic worldview, it
was unimportant during the Middle Ages. It was
only with the seventeenth century that atomism
was transformed into a scientific theory. Pierre
Gassendi (1592-1655) revived classical atomism
and explained the physical world as being consti-
tuted by finitely many atoms, which move in a
void and have been endowed by God with a con-
serving momentum, thus freeing atomism from the
stigma of being atheistic. Gassendi already allowed
atoms to form compounds, which he called mole-
culae or corpuscula. The eighteenth and nine-
teenth centuries then gave rise to chemical atom-
ism, which distinguished element from compound.
Although Tsaac Newton (1642-1727) had already
speculated in detail on the atomic nature of matter
and light in his Opticks (1704), physical atomism
became widely accepted only after the develop-
ment of the kinetic theory of gases in the nine-
teenth century. Atomism strongly supported the
deterministic worldview of classical mechanics.

With the discovery of the electron and of ra-
dioactive decay, atoms themselves were recog-
nized as composites and not indivisible units. The
first atomic models were constructed in analogy to
a macroscopic planetary system obeying classical
laws of motion (negative electrons circling around
a nucleus of neutrons and positively charged pro-
tons), but these models proved to be inconsistent.
Erwin Schrodinger (1887-1961) and others then
applied quantum mechanics to the atom. They
substituted the electron orbits with probability dis-
tributions (orbitals), which indicate in which re-
gions of space the electron is most likely to be
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found. The transition from one state of the atom to
another also follows quantum principles, which
imply fundamental uncertainties. It has also been
shown that two quantum objects that interacted
once stay correlated in some of their properties,
even if they move away from each other (EPR ef-

fect). Thus, modern atomism with its dynamic view

of matter has overcome the mechanistic tendencies
of classical atomism and presents material reality as
a holistic, fluctuating, and not fully determined net
of coherence, which cannot be reconstructed as a
set of completely separable massive objects that
follow determined trajectories. Consequently, Al-
fred North Whitehead (1861-1947) suggested that
processes (“actual entities”) rather than substances
are “the final real things of which the world is
made up” (Whitehead, p. 18 ).

Thus, contemporary atomism opens new per-
spectives for the dialogue between science and re-
ligion, insofar as nature can be envisioned as being
open for divine and human creative action. Living
beings, human values, the act of striving for mean-
ing and fulfillment in life, religious beliefs, and sci-
ence itself are not mere agglomerations and idle
enterprises in a mechanical world of swirling
atoms, but can be understood as emergent and
meaningful phenomena in an evolving process of
creation.

See also EPR PARADOX; MATERIALISM
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DIRK EVERS

ATTRACTOR

Attractor is a technical term in the theory of dy-
namic systems. An attractor can be defined as a
part of the phase space of a dynamic system to
which the system confines itself in the course of



time, until it is trapped in it. The simplest example
of an attractor is the point of rest of a pendulum,
which is geometrically represented by a simple
point. More complicated dynamic systems have at-
tractors that require complicated geometric repre-
sentations. Strange attractors, the attractors of
chaotic dynamic systems, have fractal geometric
representations.

See also CHAOS THEORY
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AUGUSTINE

Augustine (354-430 C.E.) was born on November
13 in Thagaste in present-day Algeria. His father
Patricius, a town councilor with a modest income,
was a pagan who was only baptized on his
deathbed. Patricius was married to a Christian
woman named Monnica, with whom he had three
children.

As a young man, Augustine studied grammar
and rhetoric in Madaura. Owing to the limited fi-
nancial means of his family, he was obliged to re-
turn home when he was sixteen. Thanks to help
from friends, however, he was able to travel to
Carthage, where he completed his studies. At the
age of eighteen he read Cicero’s Hortensius, which
impressed him and awakened in him a desire for
wisdom. He was disappointed with his first reading
of the Scriptures, however, largely because of what
he deemed to be their inferior literary quality. He
turned to the Manichaeans for the next nine or ten
years, attracted by their promise of knowledge
without faith. Around 372 he met a woman, with
whom he would live for thirteen years and with
whom he would have a son, Adeodatus. To earn a
living, he taught rhetoric in Carthage, but he was
disappointed in his students, who apparently were
far from attentive and did everything to disrupt the
classes. In 383, he left Carthage and traveled to
Rome but was similarly dismayed when his stu-
dents there failed to pay for their lessons. He then
traveled to Milan, at that time the capital of the
Roman Empire in the West, where his Manichaean
friends and the prefect of Milan, Symmachus, se-
cured for him a post as a teacher of rhetoric.
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While in Milan, Augustine heard sermons by
Ambrose, the bishop of Milan, whose stylish ap-
pearance and impressive performance profoundly
impressed Augustine. Disappointed by the
Manichaeans’ failure to deliver the promised in-
sight, Augustine decided to leave the movement,
and for a short time he leaned toward skepticism
because he thought he would never gain the truth
he desired.

In Milan he was joined by his mother, who sent
away Augustine’s mistress and sought a fitting wife
for him. Adeodatus remained with his father. The
matchmaking efforts failed, however, when Augus-
tine came under the influence of Platonism, in part
due to the strong Platonic bias of Ambrose’s ser-
mons. In Platonic thought, Augustine found an an-
swer to the then existential question: unde malum
(Where does evil come from?). His inability to re-
nounce physical desire delayed his conversion
until the autumn of 386. But after reading Romans
13:13-14 he became convinced of the need to re-
nounce “worldly depravity,” and on Easter night
387 he received baptism. He thereafter decided to
return to Africa but was forced to wait until 388 be-
cause of the political turmoil. A revolt of the
Roman troops in Africa postponed his return.

Augustine founded a religious community in
Thagaste, where he spent his time in study and
writing, and soon became a respected scholar. He
traveled to nearby Hippo in 391, where he was
persuaded to become a priest and to assist Va-
lerius, the bishop of Hippo. Augustine succeeded
Valerius as bishop in 395 or 396, a role he fulfilled
with great dedication for the rest of his life. He also
served as pastor in the liturgy and as a judge, and
he took great care in attending to people’s material
needs. Letters discovered in 1975 (first critical edi-
tion: 1981) reveal his profound concern for the
condition and well-being of the poor and the
slaves. Augustine also worked to refute the
Manichaeans, and he was involved in discussions
with the Donatists, a local Christian movement,
which actively opposed Roman oppression.

Around 411, Augustine decided to address
Pelagianism, a strong ascetically oriented move-
ment, which Augustine felt put too little emphasis
on God’s saving grace in Jesus Christ and depended
too heavily on the moral potential of human beings
themselves. Augustine’s dispute with the Pelagians
lasted until the end of his life. Especially in his last
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works, which were destined to be read by monks
in Hadrumetum and Marseille, Augustine empha-
sized predestination, creating the impression that
he had given up on the capacity of the human will.
Because of this, and also because of his negative
opinion of concupiscentia carnis (sinful desire,
mainly in its sexual manifestation), scholars assess
this period of his life to have been pessimistic.

Works

Augustine was the most productive author in Latin
antiquity. His autobiographical Confessions de-
scribes his life up to his conversion. This work and
Augustine’s De civitate Dei (City of God), written
after the fall of Rome in 410, have become classics
of world literature. Because of his intellectual pres-
tige, he was asked to offer his views on a wide
range of matters. In addition to Confessions and De
civitate Dei, his most important works are Enarra-
tiones in Psalmos (Explanations of the Psalms
c. 418), De Trinitate (The Trinity c. 420), and
Enchiridion (A Handbook on Faith, Hope, and
Love 422). His late works form part of the basis for
the theological developments of the Reformation
and the Jansenism movement during the sixteenth
and seventeenth centuries.

Views on science and religion

The correlation between faith and reason arose
during Augustine’s time, and his thinking was in-
fluenced by such trends as Stoicism, neo-Platon-
ism, and Manichaeism. He was, of course, greatly
influenced by the Scriptures and the writings of his
Christian predecessors. The Scriptures represented
ultimate authority and the source of all truth for
Augustine. His reflections on the relation between
faith, knowledge, and “science” developed within
his theocratic image of the world and humankind.
For Augustine, the one and only (Jewish-
Christian) God is the creator of the universe and
humankind (body and soul). Humans, like all parts
of nature, are dependent on the creator. Such a
view involves an inherent teleology, toward which
the universe as process is ultimately ordered (Con-
Sfessions 9, 23, 24). Tt also means that true knowl-
edge is dependent on having a correct relationship
with a personal and provident God, a view that de-
viates from the classical philosophy of, for exam-
ple, the Stoa, where the cosmos as a whole repre-
sents a living and rational reality. According to

44

Augustine, humans look for knowledge of self and
God through reason because this will provide
them with true happiness; religion cannot be dis-
connected from an active pursuit of truth. Religion
and truth are closely bound, and knowledge oc-
curs by means of an inward upward movement in
the course of which truth reveals itself. For Augus-
tine, one must search for truth in one’s heart, and
this inward movement must lead to a transcendent
movement toward God, the truth. In this process
God, who is love, plays an essential role because
knowledge and love are bound together: As Au-
gustine states in De Trinitate (9, 2, 2), “There is no
knowing without loving, and no loving without
knowing.” For Augustine, body and soul are also
closely linked, and Augustine’s reflections on body
and soul helped form the basis of the Western con-
cept of “self.” Furthermore, human freedom and
autonomy for Augustine do not have the same im-
portance as they enjoy in modern thought. Philos-
ophy, psychology, anthropology, and theology are
always intrinsically linked and cannot be sepa-
rated. Augustine’s view of human history is essen-
tially determined by his belief in the God of Jesus
Christ and in the crucial part that Christ, as sole in-
termediary, plays in history. Augustine was con-
vinced that there can be no true knowledge, salva-
tion, or welfare outside of faith in Christ. The only
criterion of judgment is the Christian faith.

The soul must guide the body and serve as ref-
erence to God, it is the image and likeness of God,
which is why human beings, of all creatures, are
closest to God. The soul hosts the memory and
makes humans rational beings. Augustine distin-
guishes between superior reason (also called in-
tellectus and sapientia), which is concerned with
knowledge of unchanging principles, and inferior
reason, which is focused on temporary things and
is related to science. It is via superior reason that
humans can see the truth “in” God.

Augustine is less univocal in his discussion of
the body, which he judges in both positive and
negative terms. He often spoke of love for the
body and the duty to take care of it. When reacting
to Manichaean dualism, he emphasized that the
body is an essential part of the human person, and
he strongly defended the resurrection of the body.
At the same time, he regarded the body as a hin-
drance to the soul in the search for true happiness
and as a source of sinfulness and mortality. In this
connection he often spoke in a Pauline sense



about life according to the flesh, in which the soul
itself is always actively involved. Especially during
the Pelagian controversy, Augustine emphasized
that there is a sinful longing in all people (concu-
piscentia carnis), which prevents them from doing
the good they want to do.

Augustine’s life can be described as a continu-
ous search for the truth, although he was not a sci-
entific theologian in the medieval or modern
meaning of the word. Especially in his early pe-
riod, he looked for mathematical (positive-scien-
tific) certainty in his search for truth, which helps
explain his interest in astrology. Augustine quickly
discovered, however, that astrology did not lead
him to the truth he sought, and his initial sympathy
would, after a period of skeptical doubt, disappear.
Around 400, he rejected the power of astronomy to
predict people’s fate on the basis of heavenly
signs. He thereafter fiercely and repeatedly criti-
cized astrology, although Bernard Bruning has sug-
gested that Augustine may have traded his initial
astrological fatalism for a divine fatalism (predesti-
nation). Nonetheless, after his conversion Augus-
tine became convinced that true knowledge could
only be gained through Christian revelation, even
though this knowledge would always remain frag-
mentary and incomplete in this world.

See also EMBODIMENT; FAITH; FREEDOM; GOD; IMAGO
DEI; REVELATION; SOUL; TELEOLOGY
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AUTOMATA, CELLULAR

A cellular automata (CA) is a network of con-
nected, identical, finite state automata, which are
typically arranged in a one-, two-, or three-dimen-
sional grid, where each grid cell corresponds to
one automaton. A finite state automaton is a sim-
ple mathematical model for processes that can be
described by a table of state transitions and limited
memory, which only allows immediate calculations
without delays. Each automaton has a state and a
set of program rules defined in the state transition
table. The state transitions are defined as a function
of the current state and the state of its neighbors
according to the program rules. Time and space in
CAs are discrete—that is, they are represented as
discrete time steps and a finite number of cells re-
spectively. During runtime, the state of all au-
tomata is updated between time step ¢ and £ + 1
based on the states of all automata at time 7, re-
sulting in synchronized state transitions.

The neighbors of each automaton are defined
by a neighborhood topology, typically (but not
necessarily) specified as the immediate neighbor-
ing cells. In the case of the most common two-
dimensional grids with square cells, these are often
five (center, right, left, above, below) and nine (the
five neighborhood and all diagonals) cell neigh-
borhoods. Often CAs are also defined as discrete
dynamic systems in contrast to differential equa-
tions that describe continuous dynamic systems.

CAs were introduced by computer pioneers
John von Neumann (1903-1957) and Stanislaw
Ulam (1909-1984) in the 1940s. The original work
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was published in the 1966 by A.W. Burks. The mo-
tivation for this approach was to propose a formal
framework to model the dynamics of complex sys-
tems by means of repeated local interactions be-
tween simple components. In this context, von
Neumann wanted to investigate what kind of logi-
cal organization of an automaton is sufficiently
powerful to produce the self-organization princi-
ples found in nature. For this purpose he proposed
a CA model with twenty-nine states and a five
neighborhood, which has universal computation
capabilities—it is powerful enough to calculate any
computable task equivalent to a Turing machine.

An important instance of CA is the “game of
life,” which was introduced by mathematician John
H. Conway in 1970. The game of life is a CA that
consists of a two-dimensional grid of square cells
with a nine neighborhood where each cell (au-
tomaton) has just the two states “alive” and “dead.”
Cells die if they have less than two or more than
three live neighbors and become alive if they have
exactly three live neighbors. It has been shown that
Conway’s very simple CA resembles a universal
computer. The game of life is capable of producing
complex organizational patterns, which, depending
on the initial states of the cells, can be static, peri-
odically changing, or moving. Interestingly, the size
versus the frequency of state transitions in the game
of life follows a power law relationship, which is a
typical phenomenon found among a great variety
of complex systems, which are in a state between
stability and chaos called self-organized criticality.
So far no other instance of cellular automata has
been found that expresses the same property.

Cellular automata have been mainly investi-
gated in artificial life and complexity science, but
have also gained importance in other fields. In bi-
ology, CAs serve as simple frameworks for model-
ing the spatial effects of the interactions between
neighbored individuals. In particular, CAs have
been used to model space in game theory for var-
ious research issues, including the evolution of co-
operation.

See also COMPLEXITY; EVOLUTIONARY ALGORITHMS;
SELF-ORGANIZATION
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AUTOPOIESIS

The modern concept of autopoiesis emerged
within biological discourse, was picked up in soci-
ology, and is increasingly present in debates within
the philosophy of science. With ontological as well
as epistemological implications, it touches religious
understandings of God’s action in the world
and images of the original as well as ongoing cre-
ation. It promises to bridge natural and cultural
processes.

While the problem itself was already described
in the late eighteenth century by the German
philosopher Immanuel Kant (1724-1804), the term
autopoiesis was coined in the 1970s by the Chilean
theoretical biologists Humberto Maturana and
Francisco J. Varela in order to denote the operative
closure of living systems and their ability to pro-
duce themselves. Any cell that, by means of mo-
lecular processes, reproduces its own building
blocks on which it at the same time depends, op-
erates on an autopoietical basis. These molecular
elements are part of a complex network of com-
ponents, which is on the one side constantly re-
produced and maintained, and on the other side si-
multaneously the very basis of this operation.

As a result of this autonomy and operative clo-
sure, autopoietic systems lack any immediate con-
tact with their environment even though they are
energetically open systems and are forced to pro-
duce “order from noise” within this environment.
In this regard, the theory of autopoietic systems re-
places older ideas of a causal input and output
across the border of systems, as as
stimulus/response models.

well

In reacting to their own inner states, autopoi-
etic systems are self-determined. They are not in-
dependent of their environment, but if they re-
spond to it they do it in a nondeterminate way.
The environment can only stimulate system-
specific processes and states. In epistemological
contexts this opens up the possibility of developing
an empirical theory of knowledge, which relativizes



widespread ontological presuppositions since “re-
ality” is the product of inner-systemic processes of
the observer. On the other hand, autopoietic theo-
ries also suggest an ontology of multiple au-
tonomous and interdependent levels of reality.

While Varela wants to restrict the concept of
autopoiesis to cell systems, immune systems, and
nerve systems, Maturana has extended it to human
societies and epistemological issues, thereby pro-
viding support for radical constructivism. The
German sociologist Niklas Luhmann (1927-1998)
introduced the concept into the social sciences in
order to characterize the self-referential operative
closure of social systems and psychic systems. So-
cial systems consist of communication, and psy-
chic systems of thoughts. Neither can reach into
their environment, but are open to it because of
their self-referential closure.

The concept of autopoiesis has been criticized
by some Christian theologians because it chal-
lenges not only the idea of a teleology immanent
to nature but also the notion of total passivity and
dependency in creation theology. It seems to re-
place the very idea of a creatio ex nibilo.

However, the concept was constructively used
by Niels H. Gregersen in order to overcome the
breach between God’s activity and the self-
productivity of God’s own creatures. By distin-
guishing self-constitution in the sense of a theo-
logical ultimate beginning (creation de novo) from
constituted autopoiesis as ongoing self-creative
creativity based on self-constitution, Gregersen de-
scribes God as being creative by supporting and
stimulating autopoietic processes. Autopoiesis
can illuminate the theological notion of God’s con-
tinuous creation, of providence in nature, and
particularly of God’s blessing. Within this context
of creation the notion of autopoiesis resonates with
God’s self-giving nature and with the Christian no-
tion of God’s internal trinitarian self-realization.

See also CONSTRUCTIVISM; CREATIO CONTINUA;
CREATIO EX NIHILO; DIVINE ACTION; PROVIDENCE;
SELF-ORGANIZATION
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AVERROES

The Aristotleanism of Ibn Rushd (Averroés), com-
bined with his thorough training in various aspects
of Islamic scientific and philosophical traditions,
contributed to the evolution of his discourse on the
relationship between science and religion. He
lived at a moment in time particularly suited to
synthesizing a broad understanding of philosophy
and the philosophical sciences in which religion
had a central position. Ibn Rushd’s dialectical treat-
ment of the role of religion and philosophy in
human affairs and his theory of knowledge remain
relevant to the contemporary science and religion
discourse.

Life and writings

Averroés, whose real name was Abu’l Walid
Muhammad ibn Ahmad ibn Muhammad ibn
Rushd, was an Arab philosopher known as “The
Commentator” to the medieval West because of
his commentaries on Aristotle. Ibn Rushd was
born in Cordoba, Spain, in 1126 C.E. to an eminent
family of jurists. His grandfather had been a Qadi
(judge) and Imam (Muslim leader of the congre-
gational prayers) of the mosque of Cérdoba. Ibn
Rushd’s early education was in the traditional pat-
tern of Islamic education. He studied Arabic, the
Qur’an, traditions of the Prophet and, later, natural
sciences.

In 1153, Ibn Rushd traveled to Marrakash in
Morocco where he helped the Almohad ruler ‘Abd
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al-Mu’min to establish colleges. In 1169 or slightly
earlier, Ibn Rushd was introduced to the learned
prince Abu Yaqub Yusuf by the philosopher Ibn
Tufayl. When Abu Yaqub succeeded ‘Abd al-Mu’-
min, Ibn Rushd found great favor with him
throughout his rule (1163-1184). Ibn Rushd was
made the Qadi of Seville in 1169. Two years later,
he returned to his favorite Cérdoba as Qadi. He
traveled to various parts of the country, including
longer sojourns in Seville, from where he dates
several of his works between 1169 and 1179. In
1182, while in Marakash, Ibn Rushd succeeded Ibn
Tufayl as the chief physician to Abu Yaqub Yusuf.
Ibn Rushd remained in favor during the reign of
Abu Yaqub’s successor, Yaqub al-Mansur, except
for a short period when his rivals were able to con-
vince the ruler that his philosophical works were
against the teachings of Islam. But al-Mansur called
him back to his court as soon as he moved to Mar-
rakash, where Ibn Rushd died in1198. He was
buried in Marrakash outside the gate of Taghzut
but later his body was taken to Cérdoba where the
young mystic Ibn ‘Arabi was present at his funeral.

Ibn Rushd’s commentaries on Aristotle can be
divided into short (jawamsi’), middle (talkbis) and
great (tafsir); the first two types were written be-
tween 1169 and 1178. His greatest medical work,
the Colliget (al-Kulliyyat, Book of generalities), also
belongs to this period. He wrote most of his origi-
nal works between 1174 to 1180. These include
Kitab al-‘aql (Treatises on the intellect), De sub-
stantia orbis (Nature of heavens), Fasl al-maqal
(The Decisive chapter), Kashf al-manabhbij al-adillah
(Discovery of the methods of proof), and Tahfut al-
Tahafut (Incoherence of the incoherence).

Philosophy

Ibn Rushd’s philosophy was strongly influenced by
his training in the principles of jurisprudence (Usul)
on the one hand and by Aristotle and certain Mus-
lim philosophers ( falasifa), especially al-Farabi, Ibn
Bajja and Ibn Tufayl, on the other hand. He criti-
cized Ibn Sina’s (Avicenna) philosophy but re-
spected his medical works (indeed, he wrote a
commentary on Ibn Sina’s medical poem, al-Ur-
Jjuza fi'l tibb [Recompense for medicine]). Ibn
Rushd’s relationship with Ibn Tufayl was one of
deep respect for the elder philosopher who was
also his mentor. But while Ibn Tufayl was mystically
inclined, Ibn Rushd was not. The two philosophers
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recognized the convergence of philosophy and rev-
elation but whereas Ibn Tufayl leads Absal, the sec-
ond main character of his celebrated narrative Hayy
ibn Yagzan (The Living son of the awake), to a
mystic vision of knowledge, Ibn Rushd remains
strictly within the philosophical realm.

In his Fasl al-makal wa-takrib ma bayn al-
sharia’ wa’l bikma min al-ittisal (Authoritative
treatise and exposition of the convergence of reli-
gious law and philosophy), written before 1179,
Ibn Rushd formulated a conception of philosophy
that was in accordance with the Qur’anic teach-
ings. For him, philosophy was a rational view of
creation that leads to the knowledge of the creator.
Thus formulated, philosophy becomes a valid path
for discovery of truth, which is also to be found in
revealed texts. Because different individuals have
different levels of comprehension, God speaks to
humans through three kinds of discourses: dialec-
tical (al-agawil al-jadaliyya); rhetorical (al-aqawil
al-khitabiyya) and demonstrative syllogism (al-
aqgawil al-burbanniyah). This validation of philos-
ophy led Ibn Rushd to formulate his theory of
knowledge, in which the findings of rational re-
search are collaborated with the revealed text
through a reinterpretation of the text in accordance
with the established rules of the Arabic language.
This interpretation (7a’wil), Ibn Rushd points out,
is in accordance with the Qur'an because the
Qur’an itself distinguishes between those verses
that have fixed and clear meanings (ayat al-
mubkamat) and those that are open to several in-
terpretations (ayat al-mutashabibat).

Ibn Rushd cherished the honor given to schol-
ars by the Quran and used this to demonstrate
that scholars have the right to interpret those
verses that lend themselves to rational speculation,
but such interpretation, he held, should remain in
the scholarly circles; it should not be passed on to
the common folk who do not have the capacity to
understand it. He criticized Muslim philosopher al-
Ghazali for not following this rule. This criticism is
present in many works of Ibn Rushd, in various
forms and degrees, but it is in his master piece,
Tabafut al-Tabafut (The Incoherence of the inco-
herence), that he forcefully attacks not only al-
Ghazali but also all those neo-Platonic philoso-
phers who had distorted Aristotle’s teachings,
including Ibn Sina and his followers.

Tahafut al-Tabafut deals with some of the
basic problems of philosophy and it reconstructs



Ibn Rushd’s conclusive ideas about time, eternity,
creation, divine action, causality, and other funda-
mental issues. Using al-Ghazali’s Tabafut al-
Falasifa (Incoherence of the Philosophers) as the
lynchpin for his attack, Ibn Rushd attempts to
prove the eternity of the world. Ibn Rushd rejects
the emanationist doctrine that the “One” can give
birth only to one. He also criticizes Ibn Sina’s no-
tion of “Necessary Being” on the grounds that it is
not possible to separate essence and existence; the
distinction is made only in thought. Ibn Rushd’s
God is conceived as the One who is part of the
universe. Unlike Ibn Sina for whom God is tran-
scendent and is situated beyond the moving intel-
ligences, divinity is the cause of the physical order
for Ibn Rushd. Thus Ibn Rushd conceives God in
purely Qur'anic terms, but through Aristotelian
method. He refuses to separate divinity from its at-
tributes. It is only human thinking that distin-
guishes between the two according to what people
consider to be one or another of the infinite divine
perfections.

Influence

Ibn Rushd’s influence on the Western scholars is
well known. In canto four of the Inferno, Dante
called him “che’l gran comento” (the great com-
mentator) and gave him the place of honor along
with Euclid, Ptolemy, Hippocrates, Avicenna, and
Galen. In Europe, the University of Padua became
the main center of Averroism, though the Universi-
ties of Paris and Bologna were not far behind. But
it is his masterly and clear exposition of Aris-
totelian thought that earned Ibn Rushd the title of
“The Commentator,” not his original ideas. His
originality was, in fact, belittled by nineteenth-cen-
tury French philosopher Ernest Renan and those
who followed him. However, a more correct ap-
preciation of Ibn Rushd is slowly emerging.

See also ARISTOTLE; AVICENNA; ISLAM; ISLAM,
CONTEMPORARY ISSUES IN SCIENCE AND RELIGION;
ISLAM, HISTORY OF SCIENCE AND RELIGION
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AVICENNA

In spite of the enormous difference between the
science of his day and contemporary science, Ibn
Sina (Avicenna) remains an essential link in the
science and religion discourse. This is so because
Ibn Sina addressed some of the most fundamental
questions regarding the relationship between sci-
ence and religion: How did the cosmos come into
existence?; What is the role of God in the unfold-
ing of human and cosmic destinies?; How does
God interact with created beings? These and many
other questions critical to contemporary discus-
sions occupy a central position in Ibn Sina’s phi-
losophy, if not his science.

Life and writings

Abu’l'‘Ali al-Husayn Ibn ‘Abd Allah Ibn Sina, whose
name was Latinized as Avicenna during the Middle
Ages, is known in the Muslim world as Ibn Sina. He
was one of the most important representatives of
the encyclopedic tradition of learning that was the
hallmark of Islamic scholarship. Honorifically called
al-Shaykb al-Ra’is (the Grand Shaykh), Ibn Sina
was born in 980 C.E. in Afshana, his mother’s home
town near present-day Bukhara, Uzbekistan, during
the reign of Amir Nuh ibn Mansur al-Samani.

We know about his life and works from two
authoritative sources: an autobiography that covers
the first thirty years of his life and a detailed life-
sketch left behind by his disciple and friend al-Juz-
jani. Ibn Sina’s father was a high official of the
Samanid administration. His native language was
Persian and he was first educated at home and
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then sent to learn jurisprudence from Isma’il al-
Zahid. He studied Ptolemy’s A/magest, Euclid’s El-
ements, and logic with the famous mathematician
Abu ‘Abdallah al-Natili. By the time of his sixteenth
birthday, Ibn Sina had mastered physics, medicine,
metaphysics, and he was well-known as a physi-
cian. During the next two years, he was able to
master Aristotle’s metaphysics with the help of al-
Farabi’s commentary.

The first important turning point in the life of
Ibn Sina came in the year 997 when, as a physi-
cian, he successfully treated the ruler of Bukhara,
Nuh ibn Mansur; this opened the doors of one of
the best libraries of its time to the young Ibn Sina.
He spent the next several months in the palace li-
brary and saturated his mind with the best of me-
dieval learning to such an extent that many years
later he remarked to his disciple Juzjani, “I now
know the same amount as then but more maturely
and deeply; otherwise the truth of learning and
knowledge is the same.”

The earliest of Ibn Sina’s surviving works date
from 1001 when he was twenty-one; these include
the twenty-volume Kitab al-hasil wa’l-mabsul
(Book of sum and substance) dealing with all sci-
ences, Kitab al-majmu’ (Book of compilation) on
mathematics, and Kitab al-birr wa’l- ithm (Book of
virtue and sin) on ethics.

The second important turning point in Ibn
Sina’s life can be traced back to the year 1002
when his father died amidst political turmoil and
war, and Ibn Sina left Bukhara for Jurjaniyah, then
the capital of the Khwarazmian dynasty, where he
found patronage in the court of the ruler, Abu’l
Hasan Ahmad ibn Muhammad al-Suhaili. It was for
al-Suhaili that Ibn Sina wrote two treatises on
mathematics and astronomy, Kitab al-tadarik i
anwa’ al-kbata fi’l tadbir (Book of remedy for mis-
taken planetary positions) and Qiyam al-ard fi
wasat al-sama’ (The Establishment of earth in the
middle of the sky). But Ibn Sina had to flee again
because of political turmoil. He set out for Jurjan
because of the reputation of its ruler as a lover of
learning but when Ibn Sina arrived in the kingdom
of Qabus in 1012, he discovered that the ruler had
died. After ten years of moving from place to
place, Ibn Sina finally settled in Ispahan in present
day Iran, where he composed his masterpieces
during a fifteen-year period of calm and peace.
When Masud of Ghaza attacked Ispahan, this
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peace came to end, and Ibn Sina returned to
Hamadan where he died of colic during the month
of Ramadan in the year 1037.

Ibn Sina’s surviving works include more than
two hundred and fifty books, treatises, and letters
on philosophy, cosmology, medicine, and religion.
The most important among these are the volumi-
nous Kitab al-Shifa’ (Book of healing), Kitaba al-
Najat (Book of salvation), Danishnama-yi ‘ala’l
(Divine wisdom), ‘Uyun al-Hikmabh, al-Isharat wa’l
tanbibat (Remarks and admonitions), and the fa-
mous al-Qanun fi’l-tibb (The Canon of medicine).

Philosophy

Ibn Sina’s philosophy is based on an ontological
foundation in which God, the Necessary Being
(wajib al-wujud), is the only being that is pure
goodness, the source of all existence. Everything
else derives its being (mabiyya) and its existence
(wujud) from the Necessary Being and hence is
contingent upon God. The contingent beings
(mumkin al-wujud) are then divided into two
kinds: (1) Those that are necessary in the sense
that they cannot “not be”; they are contingent by
themselves but receive from the First Cause the
quality of being necessary. These beings are the
simple substances (mujarradat). And (2) those be-
ings that are only contingent, the composed bodies
of the sublunary world that come into being and
pass away. Ibn Sina’s importance is based on the
fact that he attempted to integrate Greek philoso-
phy and Islam in an original synthesis that places
God at the center of a philosophy that is essentially
based on self-evident truths. According to Ibn Sina,
the idea of “being” is so rooted in the human mind
that it could be perceived outside of the sensible,
though the first certitude apprehended by the
human mind is the one that comes by means of
sense perception.

In a prefiguration of the Cartesian Cogito ergo
sum (I think, therefore I am), Ibn Sina based his
philosophy on intuition (hads) and on the notion
that the human soul is independent of body, and
hence capable of apprehending itself directly. Ac-
cording to Ibn Sina, the Necessary Being produces
a single Intelligence (because from the One can
only come one). This Intelligence possesses a du-
ality of being and knowledge; it introduces multi-
plicity into the world; from it can derive another
Intelligence, a celestial soul, and a celestial body.



Then, according to Ptolemy’s system, this creative
emanation descends from sphere to sphere as far
as a tenth pure Intelligence, which governs our ter-
restrial world; this terrestrial world is unlike the
other worlds because it is made of corruptible mat-
ter. This multiplicity surpasses human knowledge
but is perfectly possessed and dominated by the
active Intelligence, the tenth Intelligence. Ibn Sina
demonstrated this in a highly original poetic narra-
tion, Hayy ibn Yakzan (The living, the son of the
Awakened).

Among Ibn Sina’s medical works, Canon of
Medicine, is the ordered summation of all the med-
ical knowledge up to his time. Divided into five
books, this major work of Islamic medical tradition
was used as the basic textbook for teaching medi-
cine for seven centuries both in the East as well as
in the West. Translated by Gerard of Cremona be-
tween 1150 and 1187, the Canon formed the basis
of teaching at all European universities. It appears
in the oldest known syllabus given to the School of
Medicine at Montpellier, a bull of Pope Clement V
dating from 1309, and in all subsequent ones until
1557. The Arabic text was edited at Rome in 1593;
in all, eighty-seven translations, some incomplete,
exist in various European languages.

Influence

Ibn Sina’s influence on the subsequent develop-
ment of intellectual thought is vast. In the Muslim
world, his philosophy was instrumental in the
emergence of Ishragi lluminist) school of
Suhrawardi. Ibn ‘Arabi combined it with the Gnos-
tic doctrines and Mulla Sadra integrated it into the
intellectual perspectives of Shi’ism. In the West,
medieval philosopher Thomas Aquinas embodied
some of Ibn Sina’s proofs in the Catholic theology
and although the Renaissance brought a violent re-
action against him, Ibn Sina holds a secure place in
the history of Western philosophy through his in-
fluence on major Christian philosophers.

See also ARISTOTLE; AVERROES; ISLAM; ISLAM,
CONTEMPORARY ISSUES IN SCIENCE AND RELIGION;
ISLAM, HISTORY OF SCIENCE AND RELIGION;
THOMAS AQUINAS
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AXIOLOGY

An axiology is a theory about the nature of values
and value judgments. Distinctions are usually
made among aesthetic values (concerning the
beauty of an object or action), moral values (con-
cerning whether something is good or right), and
scientific or intellectual values (concerning the co-
herence and adequacy of a theory). Nondualistic
theories (Buddhism, Confucianism, process philos-
ophy) deny these distinctions. Those who think
value judgments are objective argue that the value
of anything is measured by how well it imitates
normative universals or conforms to the will of
God. Empiricists, including most modern scientists,
reject such objective universals. They treat values
as subjective responses or judgments, as creations
of personal preference or cultural tradition.

See also AESTHETICS; BEAUTY; VALUE
GEORGE ALLAN



BAHA’I

The Baha'i faith, a new and growing world reli-
gion, holds the unity and harmony of science and
religion as one of its core principles. Science and
religion, according to the Baha’i teachings, are
both equally necessary for humanity to progress.
Science is the discoverer of the material and the
spiritual reality of things, and it is the foundation of
material and spiritual development. Religion de-
velops both the individual and society, fostering
the love, fellowship, and will that is necessary for
humanity to advance. Science and religion coun-
terbalance each other: Religion without science
leads to superstition, whereas science without reli-
gion leads to materialism.

Historical origins

The Baha’i faith originated in nineteenth-century
Iran at a time when the country was struggling
with economic and political instability, conflict be-
tween the religious and secular segments of soci-
ety, and Russian and British expansionist policies.
Iran was in decline under the Qajar dynasty when
the Bdbi millenarian movement was founded
in 1844 by the Bab (Siyyid ‘Ali Muhammad,
1819-1850). The rapid rise of the Babi movement
and its prophecy of the coming of a world re-
deemer led to violent suppression, with its leaders
either killed or sent into exile, as was the case for
Baha’w’llah (Mirza Husayn 'Ali, 1817-1892).

Baha’w’llah nursed the decimated Iranian Babi
community back to health from nearby Baghdad
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but was further exiled to Constantinople (modern
Istanbul), to Adrianople (modern Edirne), and fi-
nally to Acre (modern Akko in Palestine). When he
announced that he was the redeemer prophesied
by the Bab, most of the Babi community became
Baha'is, followers of Baha'u’llah.

Bahd'uv’llah’s teachings were laid out in numer-
ous books, epistles, and letters to a growing com-
munity. The central theme was unity: the unity
of religion; the oneness of God; the unity of
humanity; the equality of women and men; the
need for a united world civilization, and the unity
of science and religion. Religion promoted
amity and concord as its chief aim, and this re-
quired the unfettered search after truth and the
elimination of prejudice and superstition charac-
teristic of science.

By the early twentieth century, the Baha’i faith
had spread around the world. ‘Abdu’l-Baha
(1844-1921)—Baha’u’llah’s eldest son and succes-
sor—traveled and spoke widely throughout Eu-
rope and North America, emphasizing that religion
must be progressive. The great progress in techni-
cal and material spheres wrought by science ne-
cessitated similar progress in religion. “When reli-
gion, shorn of its superstitions, traditions, and
unintelligent dogmas, shows its conformity with
science,” he told his audiences, “then will there be
a great unifying, cleansing force in the world
which will sweep before it all wars, disagreements,
discords and struggles” (1969, p. 146). Shoghi Ef-
fendi (1897-1957) succeeded ‘Abdu’l-Bahi. After
his death, leadership passed to the Universal
House of Justice seated in Haifa, Israel.
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Baha'i teachings about science and religion

~

The teachings of the Bahd'i faith are “founded
upon the unity of science and religion and upon
investigation of truth.” Science and religion are like
the two wings of one bird: “A bird needs two
wings for flight, one alone would be useless. Any
religion that contradicts science or that is opposed
to it, is only ignorance—for ignorance is the oppo-
site of knowledge. Religion which consists only of
rites and ceremonies of prejudice is not the truth”
(‘Abdu’l-Baha, 1969 p. 129).

The Baha’i writings describe science as “the
discoverer of realities,” the means by which hu-
manity explores and understands both material
and spiritual phenomena:

The virtues of humanity are many, but sci-
ence is the most noble of them all. . . . Tt is
a bestowal of God; it is not material; it is
divine. Science is an effulgence of the Sun
of Reality, the power of investigating and
discovering the verities of the universe, the
means by which man finds a pathway to
God. Through intellectual and intelligent
inquiry science is the discoverer of all
things. (‘Abdu’l-Bahi, 1982 p. 49)

The purpose of religion is to “safeguard the in-
terests and promote the unity of the human race,
and to foster the spirit of love and fellowship
amongst men” (Bah4d'w’llah, 1978, p. 168). Human
nature is fundamentally spiritual, and the “spiritual
impulses set in motion by such transcendent fig-
ures as Krishna, Moses, Buddha, Zoroaster, Jesus,
and Muhammad have been the chief influence in
the civilizing of human character” (Baha'’i Interna-
tional Community). Religion and spiritual commit-
ment are necessary if the fruits of science are to be
used for the advancement of humanity: “In every
sphere of human activity and at every level, the in-
sights and skills that represent scientific accom-
plishment must look to the force of spiritual com-
mitment and moral principle to ensure their
appropriate application” (Bahd’i International
Community).

Religious truth must be understood in the light
of science and reason if it is not to become super-
stition and a source of discord. Religious doctrines
that disagree with science are likely to disagree
with doctrines of other religions, creating and sus-
taining religious conflict. However, this does not
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mean the current scientific point of view is neces-
sarily fully correct, nor does it mean that truth is
limited to only what science can explain.

Similarly, science alone is inadequate. Doc-
trines inspired by science—most notably, the view
that only material things are real—have had perni-
cious and corrosive effects when imposed on the
people of the world. These doctrines need to be
counteracted by the truths of religion. ‘Abdu’l-Baha
in Paris Talks emphasized that “with the wing of
science alone he would also make no progress,
but fall into the despairing slough of materialism”
(‘Abdu’l-Baha 1969, p. 143). Furthermore, the
commitment and the will that derives from religion
is required if the results of science are to be ap-
plied to the benefit of the people of the world.

Evolution and the emergence of humanity.
The Baha’i writings address in depth the issue of
evolution and the emergence of humanity—a
major source of conflict between science and con-
temporary religion. Humanity is described as
emerging by a gradual progression that starts at a
simple material stage and advances degree by de-
gree to the human stage. In each stage, according
to ‘Abdu’l-Bahd, humanity develops capacity for
advancement to the next stage: “While in the king-
dom of the mineral he was attaining the capacity
for promotion into the degree of the vegetable. In
the kingdom of the vegetable he underwent prepa-
ration for the world of the animal, and from thence
he has come onward to the human degree, or
kingdom” (‘Abdu’l-Baha 1982, p. 225). Evolution-
ary processes—indeed, all natural processes—are
the expression of God’s will and the mechanism
for the unfolding of God’s creation:

Nature in its essence is the embodiment of
My Name, the Maker, the Creator. Its mani-
festations are diversified by varying causes,
and in this diversity there are signs for men
of discernment. Nature is God’s Will and is
its expression in and through the contin-
gent world (Bahd'uw’llah, p. 142).

Humanity, therefore, was created by God and
potentially existed even before being actualized as
a “composition of the atoms of the elements.”

Humans and animals and are distinct and dif-
ferent kinds of beings, according to the Baha’i
view. It is incorrect to say that humans are de-
scended from animals, even though physically that
is the case. This is because humans have a rational



and spiritual side in addition to the physical reality
they share with animals: “The reality of man is his
thought, not his material body. The thought force
and the animal force are partners. Although man is
part of the animal creation, he possesses a power
of thought superior to all other created beings”
(‘Abdu’l-Baha 1969, p. 17). The Baha'i point of
view therefore diverges from understandings of
evolution that see no distinction between humans
and animals. It reconciles two perspectives—natu-
ral evolution and divine creation—that many have
deemed irremediably in conflict.

Types of knowledge. ‘Abdu’l-Baha describes
human knowledge as being of two kinds. One
kind “is the knowledge of things perceptible to the
senses.” The other kind “is intellectual—that is to
say, it is a reality of the intellect; it has no outward
form and no place and is not perceptible to the
senses” (‘Abdu’l-Baha 1981, p. 83). The knowledge
that people have of the laws of the universe is such
an intellectual reality, as is the knowledge of God.
‘Abdu’l-Bahad further describes four criteria for
knowledge: sense perception (empiricism), reason
(rationality), tradition, and inspiration. By itself,
each criterion is inadequate: The senses can be
fooled, reasonable thinkers differ, understanding
of tradition is reasoned and gives differing inter-
pretations, and the heart’s promptings are not reli-
able. Only when evidence from all criteria is in
agreement can a proof be trusted as reliable.

The Baha’i model of how reliable knowledge
is obtained gives a perspective for viewing the
roles of science and religion in society. Purely em-
pirical approaches or rational approaches to
knowledge, even when combined as they are in
science, are inadequate to meet social needs. Ap-
proaches based solely on tradition—prophetic or
otherwise—or intuition and feeling are likewise in-
adequate. Rather, contributions from all the ap-
proaches are needed. Neither science nor religion
separately provides the broad foundations by
which society can progress. Both are needed.

Conclusion

The task facing humanity, according to the Univer-
sal House of Justice, the global Baha’i administra-
tive body, “is to create a global civilization which
embodies both the spiritual and material dimen-
sions of existence.” Carrying out this task requires

“a progressive interaction between the truths and
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principles of religion and the discoveries and in-
sights of scientific inquiry.” Science provides the
understanding and technical capabilities that allow
humanity to overcome the limitations of nature,
making the goal of a peaceful and just world civi-
lization an achievable one. Religion provides the
moral, ethical, and spiritual strength, the discipline,
and the commitment that are necessary if the goal
is to become a reality.

See also EMERGENCE
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STEPHEN R. FRIBERG

BEAUTY

Beauty, according to the ancient Greek philoso-
pher Plato (c. 427-347 B.C.E.), is the most accessi-
ble of the Forms. Forms are transcendent sources
of the essential qualities of things, the qualities that
make things what they are. The proper relation
among these qualities, their harmony, is what
makes a thing beautiful. We are naturally drawn to
beautiful things, wanting to possess them and to
perpetuate their beauty in creations of our own.
Our love of beauty leads us to seek it in increas-
ingly more enduring forms of enjoyment and cre-
ation: from particular physical objects to friends
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and children, to public institutions and societal
laws, to scientific theories and philosophical sys-
tems, and finally to Beauty itself. Thus Beauty is
the harmonizing structure that give things their in-
tegrity, we desire it above all else, and in its pres-
ence we are able to create things of enduring
worth. Tt is both the measure of our good and the
enkindling agent for its accomplishment. Western
notions of beauty since Plato are but a series of
footnotes to these linked notions.

Objective interpretations

Aristotle emphasizes the notion of structure: The
beauty of a thing lies in its formal and final causes,
in the imposition of appropriate ordering princi-
ples of symmetry and unity upon indeterminate
matter. He argues that for a work of art, such as a
tragedy, to be excellent it must adhere to proper
unities of time, place, and narrative sequence. Plot-
inus (205-270 C.E.) emphasizes the notion of
beauty’s lure, the ascent by its means to the time-
less. Beauty is not merely symmetry and unity; it is
a power irradiating them, for which we yearn and
through which we can transcend that about us
which is perishing. The early Christian theologian
Augustine of Hippo (354430 C.E.) identifies this
power as God, through the beauty of whose Word
our restless selves find salvation’s rest.

Hence in Christianity, as in most religions, the
actions and objects associated with worship are as
beautifully crafted as possible, their beauty having
the power to draw believers into the presence of
the holy. Islam excludes the use of images, how-
ever, as did early radical Protestantism, finding
them distractions rather than inducements. Con-
trast, for example, the severe elegance of Islam’s
Dome of the Rock mosque, or a clear-windowed
New England Puritan church with the sculptured
figures on the facade of the Roman Catholic cathe-
dral at Chartres, or the ballet of icons and censors
at a Russian Orthodox Eucharist.

Thomas Aquinas uses the beauty people see in
the world around them, their sense of how things
fit together, as a proof for the existence of God.
Because they act together so as to attain the best
result, they must be directed by a purposive being,
as the arrow is directed by the archer. The ultimate
source of such purposiveness is God. In the eigh-
teenth century, William Paley (1743-1805) revived
Aquinas’s “argument from design,” adapting it to
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the natural order described by Newtonian science.
The well-ordered mechanistic intricacy of the
world results from laws that cannot be fortuitous:
the precision of a watch entails a watchmaker; the
precision of the universe entails a God. People
were no longer brought into God’s presence
through beauty, but from the beauty of nature at
least it could be inferred that there must be a God
who had created it.

The tendency since the rise of modern science,
however, is to claim that nonsensible principles
such as Beauty, although still timeless and neces-
sary, are no longer understood as supernatural:
they are the laws of nature. The Enlightenment
philosophe Denis Diderot (1713-1784), for in-
stance, defines beauty as the relations things pos-
sess by virtue of which we are able to understand
nature in its genuine objectivity. Classicism in the
arts is the claim that the timeless laws manifest in
nature imply that there are rules derivable from
those laws that apply to each artistic genre and
that only if those rules are respected will the artist’s
work be beautiful. Similarly, scientists often argue
that a machine works beautifully if it has been well
designed, if its parts operate so that it fulfills its
function smoothly and efficiently. The laws gov-
erning what works beautifully are themselves
beautiful, and therefore laws that lack beauty are
not likely to be adequate descriptions of what
works. In this sense, a criterion of simplicity is
often included in the conditions by which to assess
a scientific hypothesis. For many purposes,
Ptolemy’s (90-168 C.E.) astronomy may be descrip-
tively and predictively accurate, but its array of cir-
cles and epicycles are unnecessarily complicated
and mathematically awkward compared to Jo-
hannes Kepler’s (1571-1630) elegant ellipses. As
William of Ockham (c. 1280—c. 1349) insisted, one
should not multiply theoretical entities beyond ne-
cessity. Truth and Beauty, it would seem, have
much in common after all.

Many thinkers, however, including most non-
Western theorists, reject the notion that beauty is a
universal objective reality. They argue that it is dif-
ferent in each of its instances. Beauty is the unique
character of a thing, the way in which its specific
elements are specifically related. The creation or
the study of beautiful things is not a science but an
art: conducting a tea ceremony, achieving inner
peace through meditation or in action, freeing a
statue from the marble block, telling an edifying



story. For G. E. Moore (1873-1958), beauty is un-
definable precisely because it is particular; it can
only be directly experienced, like seeing the color
red. Contemporary philosopher Mary Mothersill ar-
gues that a judgment of beauty is a logically sin-
gular judgment, based on radically contextual
properties.

Subjective interpretations

Although there have always been those who claim
that beauty is only in the eye of the beholder, mod-
ern science and the Cartesian separation of mind
and body combined to reserve objectivity for phys-
ical bodies and their publicly-verifiable quantitative
features. Beauty was therefore relegated to the
realm of private mental things, to ideas and the
sentiments. The Scottish philosopher David Hume
(1711-1776) says that beauty is a matter of taste, a
disinterested pleasure we take in certain of our
sensations. The twentieth-century American poet
and philosopher George Santayana (1863-1952)
says beauty is pleasure objectified: pleasure expe-
rienced as the quality of a thing, our subjective re-
sponses projected onto their source.

The extreme version of subjectivism is found in
the claim by C. K. Ogden and I. A. Richards, made
in the 1950s, that aesthetic judgments have no truth
functional significance: They are neither true nor
false but rather emotive ejaculations akin to saying
“wow.” Marxist and Postmodernist forms of rela-
tivism make this subjectivism a function of race,
ethnicity, religion (ideology), economic class, po-
litical power, or gender, critiquing objectivity claims
as attempts to hide their self-serving character.

People often agree about what is beautiful,
however, so even if beauty is a subjective feeling it
can be argued that it has an objective cause. In the
eighteenth century, the philosopher Francis Hutch-
eson (1694-1746), for instance, argued that on the
basis of our sense perceptions we discern by a
sixth sense a uniformity pervading their variety and
call our pleasure in this beauty. Immanuel Kant
(1724-1804) calls this sixth sense our common
sense. As with all our other experiences, the expe-
rience of beauty involves both intuition and un-
derstanding, both sensations and concepts. But
whereas for scientific and practical purposes the
concepts are imposed on the sensations, ordering
them meaningfully, when we experience some-
thing as beautiful we allow the free play of imagi-
nation to associate our perceptions with notions of
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meaning yet without their being imposed. We take
what we experience as fraught with meaning but
not any specifiable meaning. We take delight in
this experience and so appreciate the world as in-
volving more than what we can know about it or
achieve by our actions upon it. Because these
judgments involve conceptual and intuitive facul-
ties that are the same for all human beings, they
can be valid for others as well as ourselves: We
have a common sense of beauty and hence our
disputes about it can be rationally resolved.

Back to Plato

So Kant opens a way other than through politics,
or religion, or scientific or philosophical theorizing
for getting at the deeper realities underlying the
world as it appears to us—through aesthetic ap-
preciation and through the creation of works of
art. Thus in the nineteenth century, Alexander
Baumgarten (1714-1762) claimed that beauty is
the sensory recognition of a transcendent unifying
perfection. In the twentieth century, Martin Hei-
degger (1889-1976) argued that the beauty of a
work of art, by disclosing the workly character of
things, unconceals the creative source of the
world’s beings, their Being. We are back once
more with Plato: There is a nonsensuous Reality
disclosed by sensuous beauty, toward which we
are drawn because of Beauty’s power to break us
free from the constraints of scientific understand-
ing and our practical endeavors, to open us to the
Good they obscure.

See also AESTHETICS; KANT, IMMANUEL; ORDER; PLATO; VALUE
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BEHAVIORAL GENETICS

Behaviors distinguish human beings from other
creatures and from each other. Genetic perspec-
tives could help account for both the universals of
human behavior (those shared by all) and the par-
ticulars (the individual differences). Behaviors are
among the most complex attributes to study, but
developments in behavioral genetics and the
human genome project are producing new insights
in this important area of study.

Behavioral genetics is a field that uses genetic
methods to answer three questions about the na-
ture and origin of individual differences in behav-
ior: Is there good evidence for genetic influence on
behavioral differences? How strong is this effect?
Through what mediating steps do the genes influ-
ence the behavior? The manner in which such is-
sues are addressed may have significant implica-
tions for one’s conceptions of human nature,
ethical responsibility, and freedom.

To answer these questions, behavioral geneti-
cists use a variety of methods to study cognitive
abilities, personality traits, psychiatric disorders,
and other conditions. For example, results from
family, twin, and adoption studies are carefully
compared in order to analyze the differential ef-
fects of genetic background and rearing circum-
stances on the risk of specific behaviors in the off-
spring. Since the mid-1990s, the insights and
methods developed in the human genome project
have begun to shed light on the molecular path-
ways involved in brain development and function.
This knowledge in turn may lead to better methods
of intervention or treatment that are adapted to an
individual’s genetic makeup.

Such a strategy differs from that used in two
other approaches. Behaviorism arose as a protest
against introspective psychology and emphasized
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observable behavior in response to environmental
stimuli, thus implying that behavior is shaped en-
tirely by environmental forces. Sociobiology, on
the other hand, emphasizes the role of an evolved,
species-typical, nature for the behavior of a given
organism.

Behavioral geneticists accept the view that be-
havior is influenced by both nature and nurture,
but recent studies have shown that these compo-
nents are not as independent as they were once
thought to be. Some genes influence the way indi-
viduals select and shape experiences, while other
genes can affect an individual’s susceptibility to
these experiences. Careful research designs are
needed to sort out such gene/environment interac-
tions and correlations.

Contrary to reports of a “novelty-seeking gene”
or a “schizophrenia gene,” researchers do not ex-
pect to find a single gene that explains a specific
behavior (except in rare cases). Instead, multiple
genes are associated with aspects of brain func-
tioning that mediate one’s preferences and capaci-
ties; these in turn influence one’s likelihood of
showing that behavior. In such situations any spe-
cific gene is likely have only a small effect.

Genetic research methodology may be inher-
ently reductionistic, but this need not lead to ex-
planatory reductionism. Genes never act in isola-
tion, and their effects must always be interpreted in
context. Individual genes can be turned on or off
in response to signals from their environment, with
the result that gene expression can even be modi-
fied indirectly by social interaction.

Clearly any evidence that DNA defines human
beings and shapes their decision-making would
appear to be incompatible with traditional under-
standings of human freedom and moral responsi-
bility. The findings from behavioral genetics, how-
ever, indicate that genetic influences should be
understood more as predispositions or limiting fac-
tors. An individual’s genome may set boundaries
on various traits and potential, but it does not de-
termine how one will organize his or her life
within those parameters.

In summary, genes are necessary for human
existence and give people the ability to express
those qualities that are distinctively human. Genes
are not sufficient to account for all differences in
behavior, however, since interactions with envi-
ronment and individual experience are involved



throughout life. An adequate view of human na-
ture should be informed by an understanding of
the effects of genes at many levels. Future research
is likely to provide further evidence of the contri-
butions of genes to psychological, social, moral,
and religious behaviors.

See also BEHAVIORISM; SOCIOBIOLOGY
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BEHAVIORISM

Behaviorism as a positivistic anti-metaphysical sci-
ence presupposes a highly mechanistic one-di-
mensional view of the human person and therefore
is often seen as an attack on transcendence, the
human soul, and human freedom. The British-
American psychologist William McDougall (1871-
1938) introduced behaviorism in Psychology: The
Study of Behavior (1912) and independently the
American psychologist John B. Watson (1878-1958)
in his article “Psychology as a Behaviorist Views It”
(1913). Watson began his essay stating: “Psychol-
ogy as the behaviorist views it is a purely objective
experimental branch of natural science. Its theoret-
ical goal is the prediction and control of behavior”
(p. 158). McDougall later distanced himself from
Watson’s mechanistic approach.
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The predecessors of behaviorism

Among the predecessors of behaviorism were the
British empiricist philosophers, including David
Hume (1711-1776), who contended that sense im-
pressions produce all ideas. American philosopher
John Dewey (1859-1952), with whom Watson
studied at the University of Chicago, introduced
functionalism, which was concerned with the use
of consciousness and behavior. Biologist Jacques
Loeb (1859-1924), one of Watson’s professors at
Chicago, explained animal behavior in purely
physical-chemical terms. Russian reflexology
merged the mind with the brain, which was then
explained in terms of reflexes; physiologist Ivan
Pavlov (1849-1936) introduced experiential analy-
sis of reflexes and their conditioning, and neurolo-
gist Vladimir Bekhterev (1857-1927) influenced
Watson’s interpretation of emotional behavior.

By drawing on neighboring branches of the
sciences, behaviorists attempted to turn psychol-
ogy into a hard science. In 1879, philosopher and
psychologist Wilhelm Wundt (1832-1920) estab-
lished an institute of experimental psychology in
Leipzig, Germany. But Watson chided Wundt and
his students that despite having made psychology
into a science without soul, despite replacing the
term soul with consciousness, they still maintained
a dualistic concept of the human being. Since both
soul and human consciousness elude the purely
objective experimental method, they cannot be
quantified and therefore do not exist for Watson.
His methodological behaviorism, disallowing for
the duality of mind and matter, was a materialistic
monism or even a scarcely disguised atheism.

Methodological behaviorism

Between 1912 and the mid-1900s, methodological
behaviorism dominated psychology in the United
States and also had a wide international impact.
Most important for the wider populous was the
theory of learning, which was explained wholly or
largely on facts and methods of conditioning.

From approximately 1930 to 1950 psychologi-
cal research moved from the classic behaviorism of
Watson to a neo-behaviorism. Psychologist Jacob
Robert Kantor (1888-1984), schooled at the Uni-
versity of Chicago, believed that behavior was de-
pendent upon the interaction of an organism with
its environment. His “Organismic Psychology,”
later renamed “Interbehavioral Psychology,” was



BEHAVIORISM

promoted as an antidote to the notion that parts of
the organism ad a causal responsibility for the rest
of the organism’s action.

Radical behaviorism

In his 1938 book The Bebhavior of Organisms: An
Experimental Analysis, psychologist B. F. Skinner
(1904-1990) introduced radical behaviorism. Skin-
ner insisted that behavior should be studied as a
function of external variables apart from any refer-
ence to mental or physiological states or processes.
For him psychology was an experimental natural
science. Fundamental to his approach was the
analysis of behavior in light of stimuli. In 1948, he
wrote Walden Two, a utopian novel where a social
environment free of governments, religions, and
capitalistic enterprises produced a “good life.” In
this work, Skinner advocated what some called be-
havioral engineering. In his book Beyond Freedom
and Dignity (1971) Skinner asserted that the aboli-
tion of the concept of autonomous humanity is
overdue. Rather, Skinner believed that human be-
ings are controlled by their environment. The
question is whether this control should be left to
accidents, to tyrants, or to people themselves.
Therefore Skinner opted for designing an existence
aided by psychology which enables a happy life,
defined by his wholehearted endorsement of the
capitalistic system and his critical view of govern-
ment and religion.

In 1932, psychologist Edward C. Tolman
(1886-1959) published Purposive Bebavior in Ani-
mals and Man in which he incorporated motifs
and perceptions into psychological consideration.
Purpose to him had not a theological, but a teleo-
logical meaning. Although Tolman was as skeptical
about religion as the behaviorists who preceded
him, he introduced a more holistic approach to be-
haviorism. Nevertheless he developed mechanistic
rules to account for observed behavior.

Psychologist Clark L. Hull (1884-1952) distin-
guished between scientific empiricism and scien-
tific theory in his 1943 book Principles of Bebavior:
An Introduction to Bebavior Theory. While Hull
did not deny the existence of a mind or a con-
sciousness, he did not insist on its basic, logical,
priority. Yet the mind was not a means for solving
problems; to the contrary, it itself was a problem.
This means that Hull was open to the insights of
neurophysiology.
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Behaviorism since the 1950s

At least since the 1950s, increasing skepticism arose
about the claims of behaviorism, and a new humil-
ity emerged. Behaviorism never abandoned its sci-
entific rigor, but rather became more multifaceted.
While some continued to pursue the discernment
of behavior using the language and the terms of
physical science, others pursued a more teleologi-
cal track by alternatively trying to understand why
behavior is created and how behavior is created.

Even a new realism emerged with regard to
human nature and its potential. Behavioral scien-
tists such as zoologist Konrad Lorenz (1903-1989)
no longer explained away evil, but understood ag-
gressive behavior as an inherent part of life. In its
excessive varieties, however, aggression signaled a
breakdown of cultural ethos. Ethologists such as
Irenaeus Eibl-Eibesfeldt (b. 1928) have shown that
humans follow some inborn norms according to
which they interact with the environment, such as
fear of strangers and smiling during pleasant ex-
periences. Finally, sociobiologists such as Edward
O. Wilson (b. 1929) suggest that a species neither
responds just to stimuli, as classical behaviorism
maintained, nor is it only instinctively fixed.
Rather, a species uses whatever is advantageous to
its evolution.

Behaviorism has helped the experimental
method become a constituent part of psychological
research. Psychology has moved from philosophy
and physiology to an independent enterprise in its
own right by utilizing the tools and methods of
physics, chemistry, computer science, and statis-
tics. However, it is evident that although certain
principles are demonstrated in the laboratory,
there is no guarantee that they are significant out-
side it. The reductive nature of the laboratory is
quite different from the complexity of the natural
environment. We can never infer from laboratory
experiments that we have identified all or even the
most critical influences in nature.

In its history behaviorism has not rejected rig-
orous experimental and observational emphasis,
but has become more discerning and tentative in
its claims. It has realized that a human being is a
complicated biological being whose socialization
has greater influence in its development than is the
case with other biological beings. Therefore a
strictly mechanistic one-dimensional view has been



found wanting. This multifaceted approach to
human behavior opens the possibility for a re-
newed dialogue with the humanities, including
theology, on such issues as human freedom and
responsibility and even on transcendence.

See also AGGRESSION; HUME, DAVID; PSYCHOLOGY;
PSYCHOLOGY OF RELIGION
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BIG BANG THEORY

BIBLICAL COSMOLOGY

Cosmogony is the study of the creation of the uni-
verse. The Bible begins with God creating the
heaven and the Earth, then the sun, moon, and
stars, followed by every living creature that moves,
and finally human beings, in God’s own image
(Gen. 1:1, 16, 21, 26). Cosmology examines the
structure and evolution of the universe. The bibli-
cal worldview makes no provision for evolution;
its universe is static, except for God’s miracles. Re-
garding structure, God is said to have stretched out
the firmament (heaven) like a tent (Ps. 103:2),
rather than a sphere or the infinite expanse of later
scientific beliefs. God’s intervention on behalf of
the army of Joshua, when God commanded the
sun to stand still (Josh. 10:12-14), implies that the
sun revolves around the Earth, rather than Earth
rotating. Inevitably, aspects of biblical cosmology
written long ago now conflict with changing scien-
tific belief.

See also COSMOLOGY, RELIGIOUS AND PHILOSOPHICAL
ASPECTS; GENESIS
NORRISS HETHERINGTON

BIBLICAL INTERPRETATION

See SCRIPTURAL INTERPRETATION

BIG BANG THEORY

The Big Bang Theory is based on the observation
that all the stars and galaxies of the universe are in
motion and not stationary. The American as-
tronomer Edwin Hubble (1889-1953) discovered
in 1929 that the light of all visible stars was red-
shifted. Hence the movement of the myriad of
galaxies is not random but everything is moving
further away. If all galaxies are now racing away
from one another then at one point all matter must
have been clustered together in an infinitely dense
space and its present motion might best be ex-
plained by an original explosion of matter. Hence
the term Big Bang. The 1965 discovery by Arno
Penzias (b. 1933) and Robert Wilson (b. 1936) of
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the background radiation produced by the intense
heat of this “explosion” served to further confirm
the theory. The Big Bang Theory brought to an
end the idea of a static universe and made re-
spectable again discussions of the beginning and
possible creation of the universe.
See also BIG CRUNCH THEORY; COSMOLOGY, PHYSICAL
ASPECTS; CREATION; INFLATIONARY UNIVERSE THEORY
MARK WORTHING

BIG CRUNCH THEORY

The Big Crunch Theory is made possible by Big
Bang cosmology, which states that all matter in the
universe is now racing away from all other matter.
If there is enough matter in the universe to create
a gravitational force sufficient to bring this move-
ment to a halt and to reverse its direction, then at
some point in the remote future all matter in the
universe will converge into an infinitely dense
point in space, resembling a massive black hole.
The end of the universe would then resemble its
beginning—a singularity at which the laws of
physics as we know them no longer apply. Such a
universe is called a closed universe.

See also BIG BANG THEORY; CLOSED UNIVERSE;
COSMOLOGY, PHYSICAL ASPECTS; SINGULARITY
MARK WORTHING

BIOCULTURAL EVOLUTION

See EVOLUTION, BIOCULTURAL

BIOLOGICAL DIVERSITY

Biological diversity, or biodiversity, is a generic
term for the variety of life on Earth. Such variety is
described in Genesis as the “swarms” of creatures
Earth brings forth (Gen. 1:20-25). One basic meas-
ure of biodiversity is species, though other indica-
tors run a spectrum from genetic alleles (variants)
through ecosystems and landscapes. Estimates of
the total number of existing species vary from
three to ten million (and as much as thirty million),
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with about 1.5 million described. The unknowns
are mostly small invertebrates and microorganisms.
Contemporary species inherit their diversity from
forms that have gone extinct; diversity overall has
increased over evolutionary history. Estimates of
the number of species that humans place in jeop-
ardy run from fifteen percent to twenty-five per-
cent of the total. Scientists and religious persons
may differ about evolutionary origins but seldom
differ about the urgency of conserving biodiversity.

See also ECOLOGY; EVOLUTION
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BIOLOGY

Biology is defined as the science of living organ-
isms. The diversity of activities contained within
the field of biology is immense, and includes re-
search into the origins, functions, and interrela-
tionships of organisms, as well as the technological
application of biological knowledge.

The idea that living forms gradually emerged
through a process of evolution from much simpler
forms in a branch-like system is no longer a con-
tested issue in biology. Research into the fossil
record, or palaeontology, and other subdisciplines
of biology, such as comparative anatomy, biogeog-
raphy, embryology, and genetics, have helped to
trace patterns of common descent, including those
between humans and primates. Charles Darwin’s
(1809-1882) theory of natural selection forms the
basis of evolutionary theory, though other
processes such as genetic drift and molecular drive
have been proposed in addition. The relative pace
of natural selection continues to be the subject of
ongoing debate. The dynamics of genetic change in
a population include mutation rates, migration of



individuals from one population to another, genetic
drift, and natural selection. The anatomical and be-
havioral differences within and among known ho-
minid species can be traced. Other extinct species
of humans have been discovered, though the con-
sensus seems to be that Homo sapiens has a single
original ancestor, who probably lived in Africa.

Ecology has enabled scientists to study more
closely the way living organisms relate to each
other. While early ecologists believed that ecosys-
tems were stable and in equilibrium, this thesis has
gradually given way to a more dynamic view,
where contingency is predominant. Ecology in-
cludes not just the relationship between local
communities of living things, but also extends to
wider global and planetary systems. Some ecolo-
gists emphasize the idea of self-regulation within
living systems, or autopoiesis, as well as the idea of
emergence, understood in terms of properties that
cannot simply be explained by upward causation
from molecular mechanisms. Biosemiotics applies
concepts from semiotics to elaborate the specific
emergence of meaning, intentionality, and a psy-
chic world. The latter can be compared to sociobi-
ology, which tries to explain particular aspects of
animal and human behavior by envisaging a
shared biological and genetic origin.

The use of biological research to address spe-
cific human needs through biotechnology was
given a radical boost following the discovery of
the structure of deoxyribonucleic acid (DNA) in
the 1950s. The ability to move genes from one
species to the next has opened up the possibility
of even more radical human intervention in the
evolutionary process. The most controversial
changes are those that manipulate the human
species. Nonetheless, changes in the nonhuman
world also raise questions that are of concern to
environmentalists. The general increase in techno-
logical and industrial activity has put considerable
strain on the planet, which many biologists con-
sider to be near its carrying capacity in terms of its
ability to support the human population. Loss of
species through, for example, habitat destruction,
climate change, or direct exploitation has pro-
moted a growing concern for an environmental
ethic among secular and religious communities.
Such questions move biology outside the realm of
pure science into the realms of the politics and the
economics of poverty, posterity, and social justice.
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BIOSEMIOTICS
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CELIA DEANE-DRUMMOND

BIOSEMIOTICS

Biosemiotics is a growing field that studies the pro-
duction, action, and interpretation of signs (such
as sounds, objects, smells, movements, but also
signs on molecular scales normally not perceived
by an organism) in the physical and biologic realm
in an attempt to integrate the findings of biology
and semiotics (the study of signs and symbols).
One goal of biosemiotics is to form a new view of
life and meaning as immanent features of the nat-
ural world.

Early pioneers of biosemiotics include Charles
S. Peirce (1839-1914), Charles Morris (1901-1979),
Jakob von Uexkill (1864-1944), Heini Hediger
(1908-1992), Giorgio Prodi (1928-1987), Thomas A.
Sebeok (1920-2001), and Thure von Uexkill
(b.1908). Contemporary scholars include the biolo-
gists Jesper Hoffmeyer (b.1942), Kalevi Kull
(b.1952), Alexei Sharov (b. 1954), and semioticians
Floyd Merrell (b.1937), John Deely (b. 1942), Win-
fried Noth (b. 1944), and Lucia Santaella (b.1944).

One of the central characteristics of living sys-
tems is the highly organized nature of their physi-
cal and chemical processes. These processes are
based, in part, on the informational and molecular
properties of what came to be known in the 1960s
as the genetic code. Some distinguished biologists,
such as Ernst Mayr, have viewed these properties
as processes that distinguish life from anything else
in the physical world, except, perhaps, computers.
However, although the informational teleology
(i.e., god-directedness based on the stored infor-
mational code) of a computer program is not an
original form of teleology because the program is
designed by humans to achieve specific goals, the
teleology and informational characteristics of or-
ganisms are intrinsic because they evolved natu-
rally through evolutionary processes. Traditional
biology has regarded such processes as purely
physical, adopting a restricted notion of the physi-
cal as having to do with only “efficient causation.”
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Biosemiotics attempts to use semiotic concepts
to answer questions about the biologic and evolu-
tionary emergence of meaning, intentionality, and
a psychic world. Such questions are difficult to an-
swer within a purely mechanist and physicalist
framework. Biosemiotics sees the evolution of life
and the evolution of semiotic systems as two as-
pects of the same process. The scientific approach
to the origin and evolution of life has given us
highly valuable accounts of the external aspects of
the process, but has overlooked the inner qualita-
tive aspects of sign action, leading to a reduced
picture of causality.

Complex self-organized living systems are gov-
erned by formal and final causality. Such systems
are formal in the sense of their downward causa-
tion from a whole structure (such as the organism)
to its individual molecules, constraining their ac-
tion but also endowing them with functional
meanings in relation to the whole metabolism. Sys-
tems are final in the sense of their tendency to
take habits and to generate future interpretants of
the present sign actions. In this sense, biosemiotics
draws upon the insights of fields like systems the-
ory, theoretical biology, and the physics of com-
plex self-organized systems.

Particular scientific fields like molecular biol-
ogy, cognitive ethology, cognitive science, robot-
ics, and neurobiology deal with information
processes at various levels and thus spontaneously
contribute to knowledge about biosemiosis (sign
action in living systems). However, biosemiotics is
not yet a specific disciplinary research program,
but a general perspective on life that attempts to
integrate such findings, and to build a new foun-
dation for biology. It may help to resolve some
forms of Cartesian dualism that are still haunting
philosophers and scientists. By describing the con-
tinuity between matter and mind, biosemiotics may
also help people understand higher forms of mind
and the variety of religious experiences, although
real interaction between biosemiotics and theology
has yet to come.

See also BIOLOGY; CAUSATION; EMERGENCE; SEMIOTICS
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BIOTECHNOLOGY

Biotechnology is a set of techniques by which
human beings modify living things or use them as
tools. In its modern form, biotechnology uses the
techniques of molecular biology to understand and
manipulate the basic building blocks of living
things. The earliest biotechnology, however, was
the selective breeding of plants and animals to im-
prove their food value. This was followed in time
by the use of yeast to make bread, wine, and beer.
These early forms of biotechnology began about
ten thousand years ago and lie at the basis of
human cultural evolution from small bands of
hunter-gatherers to large, settled communities,
cities, and nations, giving rise, in turn, to writing
and other technologies. It is doubtful that, at the
outset, the first biotechnologists understood the ef-
fects of their actions, and so the reason for their
persistence in pursuing, for example, selective
breeding over the hundreds of generations neces-
sary to show much advantage in food value, re-
mains something of a mystery.

The world’s historic religions emerged within
the context of agriculture and primitive biotech-
nology, and as one might expect they are at home
in that context, for instance through their affirma-
tion of agricultural festivals. In addition, Christian-
ity took the view that nature itself has a history, ac-
cording to which, nature originally was a perfectly
ordered garden, but as a result of human refusal to
live within limits, nature was cursed or disordered
by its creator. The curse makes nature at once his-
toric, disordered, both friendly and hostile to
human life, and open to improvement through
human work. These effects fall especially on



human agriculture and childbirth, both of which
are focal areas of biotechnology.

By the time of Charles Darwin (1809-1882),
plant and animal breeders were deliberate and
highly successful in applying techniques of selec-
tive breeding to achieve specific, intended results.
Darwin’s theory of evolution is built in part on his
observation of the ability of animal breeders to
modify species. The work of human breeders
helped Darwin see that species are variable, dy-
namic, and subject to change. Inspired by the suc-
cess of intentional selective breeding, Darwin pro-
posed his theory of natural selection, by which
nature unintentionally acts something like a
human breeder. Nature, however, uses environ-
mental selection, which favors certain individuals
over others in breeding. The theory of natural se-
lection, of course, led to a profound shift in
human consciousness about the fluidity of life,
which in turn fueled modern biotechnology and
its view that life may be improved. While Chris-
tianity struggled with other implications of Dar-
winism, it did not object to the prospect that
human beings can modify nature, perhaps even
human nature.

The emergence of modern biotechnology

In the twentieth century, as biologists refined Dar-
win’s proposal and explored its relationship to ge-
netics, plant breeders such as Luther Burbank
(1849-1926) and Norman Borlaug (1914 ) took
selective breeding to new levels of success, signif-
icantly increasing the quality and quantity of basic
food crops. But it was the late twentieth-century
breakthroughs in molecular biology and genetic
engineering that established the technological
basis for modern biotechnology. The discovery
that units of hereditary information, or genes, re-
side in cells in a long molecule called deoxyri-
bonucleic acid (or DNA) led to an understanding
of the structure of DNA and the technology to ma-
nipulate it. Biotechnology is no longer limited to
the genes found in nature or to those that could be
moved within a species by breeding. Bioengineers
can move genes from one species to another, from
bacteria to human beings, and they can modify
them within organisms.

The discovery in 1953 of the structure of DNA
by Francis Crick (b. 1916) and James Watson (b.
1928) is but one key step in the story of molecular
biology. Within two decades, this discovery
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opened the pathway to the knowledge of the so-
called genetic alphabet or code of chemical bases
that carry genetic information, an understanding of
the relationship between that code and the pro-
teins that result from it, and the ability to modify
these structures and processes (genetic engineer-
ing). The decade of the 1980s saw the first trans-
genic mammals, which are mammals engineered
to carry a gene from other species and to transmit
it to their offspring, as well as important advances
in the ability to multiply copies of DNA (poly-
merase chain reaction or PCR). The Human
Genome Project, an international effort begun
around 1990 to detail the entire DNA information
contained in human cells, sparked the develop-
ment of bioinfomatics, the use of powerful com-
puters to acquire, store, share, and sort genetic in-
formation. As a result, not only is a standard
human DNA sequence fully known (published in
February 2001), but it is now possible to determine
the detailed code in any DNA strand quickly and
cheaply, a development likely to have wide appli-
cations in medicine and beyond.

Biotechnology is also dependent upon embry-
ology and reproductive technology, a set of tech-
niques by which animal reproduction is assisted or
modified. These techniques were developed largely
for agricultural purposes and include artificial in-
semination, in vitro fertilization, and other ways of
manipulating embryos or the gametes that produce
them. In 1978, the first in vitro human being was
born, and new techniques are being added to what
reproductive clinics can do to help women achieve
pregnancy. These developments have been op-
posed by many Orthodox Christian and Roman
Catholic theologians, by the Vatican, and by some
Protestants, notably Paul Ramsey. Other faith tradi-
tions have generally accepted these technologies.
In addition, some feminist scholars have criticized
reproductive medicine as meeting the desires of
men at the expense of women and their health.

Reproductive medicine, however it may be as-
sessed on its own merits, does raise new concerns
when it is joined with other forms of biotechnol-
ogy, such as genetic testing and genetic engineer-
ing. In the 1990s, in vitro fertilization was joined
with genetic testing, allowing physicians to work
with couples at risk for a genetic disease by offer-
ing them the option of conceiving multiple em-
bryos, screening them for disease before implanta-
tion, and implanting only those that were not likely
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to develop the disease. This technique, known as
preimplantation diagnosis, is accepted as helpful
by many Muslim, Jewish, and Protestant theolo-
gians, but is rejected by Orthodox Christians and in
official Catholic statements. The ground for this ob-
jection is that the human embryo must be shown
the respect due human life, all the more so be-
cause it is weak and vulnerable. It is permissible to
treat the embryo as a patient, but not to harm it or
discard it in order to treat infertility or to benefit
another. The usual counterargument is to reject the
view that the embryo should be respected as a
human life or a person.

The significance of stem cells and cloning

Developments in cloning and in the science and
technology of stem cells offer additional tools for
biotechnology. In popular understanding, cloning
is usually seen as a technique of reproduction, and
of course it does have that potential. The birth of
Dolly, the cloned sheep, announced in 1997, was a
surprising achievement that suggests that any
mammal, including human beings, can be created
from a cell taken from a previously existing indi-
vidual. Many who accept reproductive technology
generally, including such techniques as in vitro fer-
tilization, found themselves opposing human re-
productive cloning, but they are not sure how to
distinguish between the two in religiously or
morally compelling ways. With few exceptions,
however, religious institutions and leaders from all
faith traditions have opposed human reproductive
cloning, if only because the issues of safety seem
insurmountable for the foreseeable future. At the
same time, almost no one has addressed the reli-
gious or moral implications of the use of reproduc-
tive cloning for mammals other than human be-
ings, although it has been suggested that it would
not be wise or appropriate to use the technique to
produce large herds of livestock for food because
of the risk of a pathogen destroying the entire herd.

The technique used to create Dolly—the trans-
fer of the nuclear DNA from an adult cell to an
egg, thereby creating an embryo and starting it
through its own developmental process—can serve
purposes other than reproduction, and it is these
other uses that are especially interesting to biotech-
nology. Of particular interest is the joining of the
nuclear transfer technique with the use of embry-
onic stem cells to treat human disease. In 1998, re-
searchers announced success in deriving human
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embryonic stem cells from donated embryos.
These cells show promise for treating many dis-
eases. Once derived, they seem to be capable of
being cultured indefinitely, dividing and doubling
in number about every thirty hours. As of 2002, re-
searchers have some confidence that these cells
can be implanted in the human body at the site of
disease or injury, where they can proliferate and
develop further, and thereby take up the function
of cells that were destroyed or impaired.

Stem cells, of course, can be derived from
sources other than the embryo, and research is un-
derway to discover the promise of stem cells de-
rived from alternative sources. There are two ad-
vantages in using these other sources. First, no
embryos are destroyed in deriving these cells. For
anyone who sets a high standard of protection for
the human embryo, the destruction of the embryo
calls into question the morality of any use of em-
bryonic stem cells. Second, the use of stem cells
from sources other than an embryo may mean that
in time, medical researchers will learn how to de-
rive healing cells from the patient’s own body. The
advantage here is that these cells, when implanted,
will not be rejected by the patient’s immune sys-
tem. Embryonic stem cells, which may have ad-
vantages in terms of their developmental plasticity,
are decidedly problematic because of the immune
response.

One way to eliminate the immune response is
to use nuclear transfer to create an embryo for the
patient, harvesting stem cells from that embryo
(thereby destroying it) and implanting these cells
in the patient. Because they bear the patient’s
DNA, they should not be rejected. This approach is
medically complicated, however, and involves the
morally problematic step of creating an embryo to
be destroyed for the benefit of another.

Nonhuman applications

As a result of the developments in the underlying
science and technologies, biotechnology is able to
modify any form of life in ways that seem to be
limited only by the imagination or the market.
Biotechnology has produced genetically modified
microorganisms for purposes ranging from toxic
waste clean-up to the production of medicine. For
example, by inserting a human gene into a bac-
terium that is grown in bulk, biotechnology is able
to create a living factory of organisms that have



been engineered to make a specific human pro-
tein. Such technologies may also be used to en-
hance the virulence of organisms, to create
weapons for bioterrorism, or to look for means of
defense against such weapons. Aside from obvious
concerns about weapons development, religious
institutions and scholars have not objected to these
uses of biotechnology, although some Protestant
groups question the need for patents, especially
when sought for specific genes.

Plants, perhaps the first organisms modified by
the earliest biotechnology, remain the subject of
intense efforts. Around the year 2000, major ad-
vances were made in plant genome research, lead-
ing to the possibility that the full gene system of
some plant species can be studied in detail, and
the ways in which plants respond to their environ-
ment may be understood as never before. Some at-
tention is given to plants for pharmaceutical pur-
poses, but the primary interest of biotechnology in
plants is to improve their value and efficiency as
sources of food. For instance, attempts have been
made to increase the protein value of plants like
rice. The dependence of farm plants on fertilizer
and pesticides may also be reduced using biotech-
nology to engineer plants that, for instance, are re-
sistant to certain insects.

In the 1990s, the expanding use of genetically
modified plants in agriculture was met with grow-
ing concerns about their effects on health and on
the environment. Adding proteins to plants by al-
tering their genes might cause health problems for
at least some who consume the plants, perhaps
through rare allergic reactions. Genes that produce
proteins harmful to some insects may cause harm
to other organisms, and they might even jump
from the modified farm plant to wild plants grow-
ing nearby. Furthermore, some believe that con-
sumers have a right to avoid food that is altered by
modern biotechnology, and so strict segregation
and labeling must be required. Deeply held values
about food and, to some extent, its religious signif-
icance underlie many of these concerns. In Europe
and the United Kingdom, where public opposition
to genetically modified food has been strong, some
churches have objected to excessive reliance upon
biotechnology in food production and have sup-
ported the right of consumers to choose, while at
the same time recognizing that biotechnology can
increase the amount and the value of food avail-
able to the world’s neediest people.
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Animals are also modified by biotechnology,
and this raises additional concerns for animal wel-
fare. Usually the purpose of the modification is re-
lated to human health. Biotechnologists may, for
example, create animals that produce pharmaceu-
ticals that are expressed, for instance, in milk, or
they may create animal research models that mimic
human disease. These modifications usually in-
volve a change in the animal germline—that is,
they are transmissible to future generations and
they affect every cell in the body. Such animals
may be patented, at least in some countries. All this
raises concern about what some see as the com-
modification of life, the creation of unnecessary
suffering for the animals, and a reductionistic atti-
tude toward nature that sees animals as nothing
but raw materials that may be reshaped according
to human interest.

Human applications

It is the human applications of biotechnology, how-
ever, that elicit the most thorough and intense reli-
gious responses. As of 2002, genetic technologies
are used to screen for a wide range of genetic con-
ditions, but treatments for these diseases are slow to
develop. Screening and testing of pregnancies,
newborns, and adults have become widespread in
medicine, and the resulting knowledge is used to
plan for and sometimes prevent the development of
disease, or to terminate a pregnancy in order to pre-
vent the birth of an infant with foreseeable health
problems. Some religious bodies, especially Roman
Catholic and Orthodox Christian, vigorously criti-
cize this use of genetic testing. One particular use of
prenatal testing—to identify the sex of the unborn
and to abort females—is thought to be widespread
in cultures that put a high priority on having sons,
even though it is universally criticized. It is believed
that the uses of testing will grow, while the tech-
nologies to treat disease will lag behind.

Attempts at treatment lie along two general
pathways: pharmaceuticals and gene therapy.
Biotechnology offers new insight into the funda-
mental processes of disease, either by the creation
of animal models or by insight into the functions of
human cells. With this understanding, researchers
are able to design pharmaceutical products with
precise knowledge of their molecular and cellular
effects, with greater awareness of which patients
will benefit, and with fewer side effects. This is
leading to a revolution in pharmaceutical products
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and is proving to be effective in treating a range of
diseases, including cancer, but at rapidly increasing
costs and amidst growing concerns about access to
these benefits, especially in the poorest nations.

Gene therapy, begun in human beings in 1990,
tries to treat disease by modifying the genes that af-
fect its development. Originally the idea was to treat
the classic genetic diseases, such as Tay Sachs or
cystic fibrosis, and it is expected that in time this
technique will offer some help in treating these dis-
eases. But gene therapy will probably find far wider
use in treating other diseases not usually seen as ge-
netic because researchers have learned how genes
play a role in the body’s response to every disease.
Modifying this response may be a pathway to novel
therapies, by which the body treats itself from the
molecular level. For instance, it has been shown
that modified genes can trigger the regeneration of
blood vessels around the heart. In time these ap-
proaches will probably be joined with stem cell
techniques and with other cell technologies, giving
medicine a range of new methods for modifying the
body in order to regenerate cells and tissues.

Religious opinion has generally supported gene
therapy, seeing it as essentially an extension of tra-
ditional therapies. At the same time, both religious
scholars and bioethicists have begun to debate the
prospect that these technologies will be used not
just to treat disease but to modify traits, such as ath-
letic or mental ability, that have nothing to do with
disease, perhaps to enhance these traits for com-
petitive reasons. Many accept the idea of therapy
but reject enhancement, believing that there is a
significant difference between the two goals. Many
scholars, however, are skeptical about whether an
unambiguous distinction can be drawn, much less
enforced, between therapy and enhancement. Start-
ing down the pathway of gene therapy may mean
that human genetic enhancement is likely to follow.
This prospect raises religious concerns that people
who can afford to do so will acquire genetic ad-
vantages that will lead to further privilege, or that
people will use these technologies to accommo-
date rather than challenge social prejudices.

It is also expected that these techniques will be
joined with reproductive technologies, opening the
prospect that future generations of humans can be
modified. The prospect of such germline modifica-
tion is greeted with fear and opposition by many,
usually for reasons that suggest religious themes.
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In Europe, germline modification is generally re-
jected as a violation of the human rights of future
generations, specifically the right to be born with a
genome unaffected by technology. In the United
States, the opposition is less adamant but deeply
apprehensive about issues of safety and about the
long-term societal impact of what are popularly
called “designer babies.” Religious bodies have
supported these concerns and have called either
for total opposition or careful deliberation.

How far biotechnology can go is limited by
the complexities of life processes, in particular in
the subtleties of interaction between DNA and the
environment. Biotechnology itself helps re-
searchers discover these subtleties, and as much as
biotechnology depends upon the sciences of biol-
ogy and genetics, it must be noted that the influ-
ence between technology and science is recipro-
cal. The Human Genome Project, for instance,
opened important new questions about human
evolution and about how DNA results in proteins.
Knowledge of the genomes of various species re-
veals that the relationship between human beings
and distant species, such as single-celled or rela-
tively simple organisms, turns out to be surpris-
ingly close, suggesting that evolution conserves
genes as species diverge.

Perhaps even more surprising is the way in
which the Project has challenged the standard view
in modern genetics of the tight relationship be-
tween each gene and its protein, the so-called
dogma of one gene, one protein. It turns out that
human beings have about one hundred thousand
proteins but only about thirty-three thousand
genes, and that genes are more elusive and dy-
namic than once thought. It appears that DNA se-
quences from various chromosomes assemble to
become the functional gene, the complete tem-
plate necessary to specify the protein, and that
these various sequences can assemble in more
than one way, leading to more than one protein.
Such dynamic complexity allows some thirty-three
thousand DNA coding sequences to function as the
templates for one hundred thousand proteins. But
this complexity, in view of the limited understand-
ing of the processes that define it, means that the
ability to modify DNA sequences may have limited
success and unpredictable consequences, which
should lower confidence in genetic engineering,
especially when applied to human beings.



Biotechnology is further limited by financial
factors. Most biotechnology is pursued within a
commercial context, and the prospect of near-term
financial return must be present to support re-
search. Biotechnology depends upon access to
capital and upon legal protection for intellectual
property, such as the controversial policy of grant-
ing patent protection on DNA sequences or genes
and on genetically modified organisms, including
mammals. This financial dependence is itself a
matter of controversy, giving rise to the fear that
life itself is becoming a mere commodity or that
the only values are those of the market.

A look ahead

There is no reason, however, to think that biotech-
nology has reached the limits of its powers. On the
contrary, biotechnology is growing not just in the
scope of its applications but in the range and
power of its techniques. Biotechnology’s access to
the whole genomes of human beings and other
species means that the dynamic action and inter-
action of the entire set of genes can be monitored.
In one sense, the completion of full genomes ush-
ers in what some have called post-genomic
biotechnology, characterized by a new vantage
point of a systematic overview of the cell and the
organism. This is proving valuable, for instance, in
opening new understandings of cancer as a series
of mutation events within a set of cells in the body.
Attention is turning, however, from the study of
genes to the study of proteins, which are more nu-
merous than genes but also more dynamic, coming
quickly into and out of existence in the trillions of
cells of the human body according to precise tem-
poral and spatial signals. Most human proteins are
created only in a small percentage of cells, during
a limited period of human development, and only
in precisely regulated quantities. Studying this full
set of proteins, in all its functional dynamism, is a
daunting task requiring technologies that do not
exist at the beginning of the twenty-first century.
The systematic study of proteins, called pro-
teomics, may in fact become a new international
project for biology, leading in time to a profound
expansion of the powers of biotechnology.

In time, researchers will develop powerful
new methods for modifying DNA, probably with
far higher precision and effectiveness than current
techniques allow, and perhaps with the ability to
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transfer large amounts of DNA into living cells and
organisms. Computer power, which is essential to
undertakings like the Human Genome Project and
to their application, continues to grow, along with
developments such as the so-called gene chip,
using DNA as an integrated part of the computing
device. Advances in engineering at the very small
scale, known as nanotechnology (from nanome-
ter, a billionth of a meter), suggest that molecular
scale devices may someday be used to modify bi-
ological functions at the molecular level. For in-
stance, nanotechnology devices in quantity may
be inserted into the human body to enter cells,
where they might modify DNA or other molecules.
In another area of research, scientists are explor-
ing the possibility that DNA itself may be used as
a computer or a data storage device. DNA is capa-
ble of storing information more efficiently than
current storage media, and it may be possible to
exploit this capacity.

It is impossible to predict when new tech-
niques will be developed or what powers they will
bring. It is clear, however, that new techniques will
be found and that they will converge in their effec-
tiveness to modify life. Precisely designed pharma-
ceutical products will be available to treat nearly
every disease, often by interrupting them at the mo-
lecular level and doing so in ways that match the
specific needs of the patient. Stem cells, whether
derived from embryos or from patients themselves,
will probably be used to regenerate nearly any tis-
sue or cell in the body, perhaps even portions of
organs, including the brain. The genes in patients’
bodies will be modified, either to correct a genetic
anomaly that underlies a disease or to trigger a spe-
cial response in specific cells to treat a disease or
injury. It is more difficult to foresee the full extent
of the long-term consequences of biotechnology
on nonhuman species, on the ecosystem, on
colonies of life beyond Earth, and on the human
species itself; estimates vary in the extreme. Some
suggest that through these means, human beings
will engineer their own biological enhancements,
perhaps becoming two or more species.

The prospect of these transformations has
evoked various religious responses, and scholars
from many traditions have been divided in their as-
sessments. Those who support and endorse
biotechnology stress religious duties to heal the
sick and feed the hungry. Most hold the view that
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nature is to be improved, perhaps within limits,
and that human beings are authorized to modify
the processes of life. Some suggest that creation is
not static but progressive, and that human beings
are co-creators with God in the achievement of its
full promise.

Others believe biotechnology will pervert na-
ture and undermine human existence and its moral
basis. They argue, for instance, that genetic modi-
fications of offspring will damage the relationship
between parents and children by reducing children
to objects, products of technology, and limit their
freedom to grow into persons in relationship with
others. Some warn that saying yes to biotechnol-
ogy now will make it impossible to say no in the
future. Still others suggest that the point is not to
try to stop biotechnology but to learn to live hu-
manely with its powers, and as much as possible
to steer it away from selfish or excessive uses and
toward compassionate and just ends.

See also CLONING; DARWIN, CHARLES; DNA;
EVOLUTION; EUGENICS; GENE PATENTING; GENE
THERAPY; GENETICALLY MODIFIED ORGANISMS;
GENETIC ENGINEERING; GENETICS; GENETIC
TESTING; HUMAN GENOME PROJECT; IN VITRO
FERTILIZATION; REPRODUCTIVE TECHNOLOGY; STEM
CELL RESEARCH
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BLACK HOLE

Modern astronomy has produced a theory about
the life of stars in which the fate of a star crucially
depends on how massive it is. Lighter stars might
end as red dwarfs, and heavier stars as enor-
mously dense but tiny neutron stars. The heaviest
stars collapse in upon themselves, creating black
holes. Black holes are called black because the
gravitational force associated with them is so
strong that no light can escape. The infinite gravi-
tational attraction at the edge of an event horizon
such as a black hole not only warps space but also
warps time for the hypothetical observer near the
black hole.

See also ASTROPHYSICS; COSMOLOGY, PHYSICAL
ASPECTS; GRAVITATION; SINGULARITY

MARK WORTHING

BOHR, NIELS

For the first half of the twentieth century, as both
physicist and natural philosopher, Niels Bohr was
at the epicenter of the quantum revolution that
gave physicists their understanding of the atomic
structure of matter. Bohr’s Institute for Theoretical
Physics (now the Niels Bohr Institute) in Copen-
hagen, Denmark, was the central headquarters of
this revolution, and Bohr was its most senior and
respected spokesperson. His influence made this
city of his birth the namesake for the position de-
fended by supporters of the revolution: the so-
called Copenhagen Interpretation, which became
the dominant or orthodox understanding of quan-
tum theory, even while remaining controversial
and beset with numerous conceptual difficulties.
Although the quantum revolution transformed the-
oretical physics utterly, making a return to the
worldview of classical physics out of the question,
Bohr’s viewpoint never received unanimous ac-
ceptance; several of Bohr’s peers, most notably Al-
bert Einstein and Erwin Schrodinger, remained crit-
ical and designed various paradoxes to confront
the party of Copenhagen. From 1927 onwards,
Bohr and Einstein debated these issues, but the
precise implications of their differing views remain
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a matter of intense discussion among historians
and philosophers of science.

Early life and work

Born in 1885, Niels Bohr, and his younger brother
Harald, a famed mathematician, came to maturity
in Danish academic circles. Their father, a profes-
sor of physiology at the University of Copenhagen,
was a close friend of the philosopher-psychologist
Harald Heffding (1843-1931). The Bohr brothers
were auditors and later participants in the intellec-
tual discussions held in the Bohr home with Hgftd-
ing and their father’s other academic friends.
Hoffding, an eclectic thinker with a broadly Kant-
ian outlook sympathetic to his friend William
James’s pragmatism, became Bohr’s only formal
teacher of philosophy.

After receiving his doctorate in physics from
the University of Copenhagen in 1911, Bohr found
his way to Manchester, England, where Ernest
Rutherford had recently discovered a massive pos-
itively charged nucleus at the center of the atomic
system. The young physicists surrounding Ruther-
ford were eager to develop a theoretical model of
a stable atomic system accounting for the then
known evidence of atomic behavior. Starting from
the assumption that no classical mechanical model
would possibly yield a stable system, Bohr quickly
sensed that the secret to atomic stability lay in the
quantization of action already postulated in 1900
by the German physicist Max Planck (1853—-1947)
as a heuristic move toward a formula for black-
body radiation consistent with observation.

Bohr’s 1913 presentation of his atomic model
astonished physicists by deriving the observed fre-
quencies of the spectrum of the simplest atomic
system, hydrogen. Bohr assumed two nonclassical
postulates. The first proposed that atomic systems
exist in a series of discrete “stationary states” in
which, contrary to classical electrodynamics, they
neither emit nor absorb radiation. The second pos-
tulate stipulated that when atomic systems interact
with electromagnetic radiation, the energy emitted
or absorbed is determined by the difference be-
tween the energy of the stationary states in which
the system existed before and after the interaction
and is a function of the frequency of the radiation.
While Bohr used classical mechanical models of
electrons orbiting a nucleus to derive the energy of
the stationary states, those same classical pictures
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imply a radically unstable system, a conclusion ex-
plicitly denied by Bohr’s first postulate. Moreover,
in classical physics, the energy exchanged with ra-
diation should be a function of the orbital charac-
teristics of the electron in each stationary state,
rather than the difference between two states. If
one imagined the electron in a spatiotemporal tra-
jectory “jumping” from one quantized stationary
state to another, the electron would seemingly
have to know to which orbit it was going the mo-
ment it departed its original orbit. Thus Bohr’s 1913
model already gave the interaction between matter
and radiation a wholeness, implying that the theo-
retical representation of such interactions in terms
of visualizable, mechanical pictures could not be a
realistic picture of microphysical processes.

Complementarity

From 1913 to 1925 Bohr pondered how the classi-
cal descriptive concepts were to be used in de-
scribing microphenomena while his model became
the basis of much new research leading towards
building up more complex atomic systems. Al-
though it had many successes, ultimately this “old”
quantum theory could not derive the intensities of
spectral lines. In 1925 the German physicist Werner
Heisenberg (1901-1976) formulated a matrix me-
chanics dispensing altogether with spatiotemporal
models of atomic systems by replacing single num-
bered kinematic and dynamic parameters of posi-
tion and momentum with matrices. A few months
later Erwin Schrodinger (1887-1961) produced
wave mechanics, generally held to be mathemati-
cally equivalent to Heisenberg’s theory, though in
a more tractable form. After intense discussions
with Bohr and Schrodinger, Heisenberg derived
the indeterminacy relations in the spring of 1927,
that summer Bohr formulated his new “viewpoint”
for understanding this quantum description, and
named it complementarity.

Bohr’s viewpoint of complementarity, origi-
nally presented in 1927 in Como, Italy, remains
obscure and controversial, although he repeated
the basic argument in many essays. Bohr argues
that the use of concepts rests on presuppositions
which, upon extending experience into new do-
mains, may be discovered to be of restricted ap-
plicability, thus forcing a “rational generalization of
classical physics which would permit the harmo-
nious incorporation of the quantum of action”
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(1987 [1963], p. 2). The quantization of action in-
troduces a feature of “wholeness inherent in
atomic processes, going far beyond the ancient
idea of the limited divisibility of matter” (1987,
p. 2). Thus a visualizable space-time picture of
such interactions is merely a conceptual abstrac-
tion used for interpreting phenomena as interac-
tions between microphysical particles and macro-
scopic observing systems that must be classically
described. Measurements are interactions, but this
indivisibility of interactions implies that the exper-
imental arrangements required for determining
both kinematic (space and time) and dynamic
(momentum and energy) parameters defining a
system’s state are physically exclusive, although
both are required for a complete definition of the
system’s state. Heisenberg’s indeterminacy rela-
tions express formally the physical fact that the in-
divisibility of interaction prohibits defining the
state of the system in terms in which both kine-
matic and dynamic properties have precise values.
Classical deterministic predictions were possible
because both properties could be predicated of
systems only by neglecting the interaction involved
in the measurement, but quantum predictions of
observables are statistical because the interaction
in which a kinematic parameter is well defined ex-
cludes the interaction in which a dynamic param-
eter can be defined.

Classical determinism requiring predication of
a mechanical state with simultaneous arbitrarily
precise values of kinematic and dynamic parame-
ters now appears as an idealization attainable only
in interactions that are enormous compared to the
scale of the quantum of action. The paradoxical
fact that, for defining the state of both matter and
radiation, the system needs to be characterized
using both wave and particle “pictures” has misled
some interpreters to misread complementarity as a
relation between wave and particle concepts. Clas-
sically both kinematic and dynamic measurements
can be made in a single experimental arrangement
because the effect of the interaction with the meas-
uring system can be left out of the account. There-
fore precise values of both position and momen-
tum can be “combined into a consistent picture of
the object under investigation” representing its ob-
jects as either particles (if matter) or as waves (if ra-
diation). However, because of the wholeness of
quantum interactions, Bohr concludes “evidence
obtained by different experimental arrangements



exhibits a novel kind of complementary relation-
ship . . . which appears contradictory when com-
bination into a single picture is attempted” (1987
[1963], p. 4). Representing the object as a “wave” or
a “particle” proves contradictory because defining
the state of a material system requires defining the
particle’s momentum, but in the quantum case to
define the particle’s momentum one must give it a
wavelength, a property defined only by represent-
ing it as a wave. To define the state of radiation
one must attribute to waves the property of mo-
mentum, which requires picturing the object as a
particle. Thus wave-particle dualism arises from
the complementary relation between the phenom-
ena by which measurements of kinematic and dy-
namic parameters are empirically determined.
Bohr held no other conceptual scheme avoiding
this complementarity would be possible because
to avoid “ambiguity” one must describe the meas-
uring instruments in classical terms. This unambi-
guity is the foundation for the objectivity of the
quantum description; thus Bohr abandons ground-
ing objectivity in an ontological predication of
properties of individuals.

Influence beyond physics

Bohr ventured beyond atomic physics to suggest
that in other cases where the “analysis and synthe-
sis” of experience encountered indivisible interac-
tions analogous to quantum interactions, one must
expect to employ complementary descriptions. In
biology the wholeness of the organism-environ-
ment interaction necessary for displaying the phe-
nomena of life, excludes the sort of isolation nec-
essary for unambiguously defining the organism’s
state as a mechanical system, thereby leading to
the necessity for a complementary combination of
functional descriptions with mechanistic ones. Psy-
chological descriptions of conscious experiences
require the well known distinction between em-
pirical ego (the object) and the transcendental ego
(the subject) leading to the complementarity be-
tween deterministic description and that employ-
ing the notion of free will. In the human sciences
Bohr called attention to the complementary rela-
tionship between descriptions of experience by
persons within a culture or religious tradition and
those of observers from another culture standing
outside the cultural tradition being described, lead-
ing him to speak of different cultures and religious
traditions as “complementary.”
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Bohr has often been presumed to be a posi-
tivist holding an antirealist or instrumentalist inter-
pretation of atomic physics; however, his view-
point arises from a physical discovery expressed in
the quantization of action rather than an episte-
mological analysis along positivistic lines. He
agrees that quantum physics bars a realistic visual-
izing of microphysical interactions, but it is clear
that he regards atomic systems as independently
real entities in nature, not as theoretical construc-
tions. He seeks a radical revision of the conception
of physical reality rather than its elimination from
atomic physics. Although Bohr emphasized the
epistemological lesson following from the indivisi-
bility of observational interactions at the atomic
level, he left unexplored the ontological implica-
tions of combining complementary descriptions of
the same object appearing in different phenom-
ena, thus inviting widely divergent philosophical
interpretations of complementarity that continue to
be debated.

See also COMPLEMENTARITY; COPENHAGEN
INTERPRETATION; DETERMINISM; EINSTEIN, ALBERT;
PHYSICS, QUANTUM; WAVE-PARTICLE DUALITY
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BOUNDARY CONDITIONS

Physical laws are characterized by their mathemat-
ical form, the values of universal constants, and the
contingencies to which the laws apply—known as
boundary conditions. For instance, Newton’s Law
of Universal Gravitation is an inverse square law
(its mathematical form), employs the gravitational
constant (a universal constant), and applies to cer-
tain boundary conditions (like the positions and
momentums of the planets at a given time).
Boundary conditions, because of their inherent
contingency, hamper the physicist’s search for a
theory of everything. In addition, when the math-
ematical form of physical laws is nonlinear, as in
chaotic systems, slight changes in boundary condi-
tions can lead to enormous changes downstream.
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WILLIAM A. DEMBSKI

BUDDHISM

Originating with the life of the historical Buddha,
Siddhartha Gautama, born in present-day Nepal in
the sixth century B.C.E., varieties of Buddhism have
developed and spread across the globe for the past
2,500 years. Though Buddhism by no means pres-
ents a uniform face in all cultures and time periods,
Buddhist traditions do reveal certain common ex-
periential contours, doctrinal themes, and ritual
practices. Speaking experientially, Buddhism em-
phasizes disciplined introspection through a com-
bination of meditative, recitative, and gestural se-
quences. Doctrinally, Buddhist teachings call
attention to four primary themes: suffering, libera-
tion, emptiness, and interdependence. And in
terms of ritual practice, Buddhists engage in a
combination of devotional offerings, initiatory rites,
and other ceremonies to mark important spiritual
and life-cycle transitions.

Buddhist history reflects three primary “vehi-
cles” of Buddhist thought and practice: Nikaya (In-
dividual Tradition, of which Theravada Buddhism
represents one strand); Mabayana (Great Vehicle);
and Vajrayana (Diamond Vehicle, also known as
Tantric Buddhism). However, from a contempo-
rary perspective, it remains difficult to know the
extent to which these traditions operated au-
tonomously from one another. It seems likely that
a great degree of overlap existed between Bud-
dhist traditions, as, for example, when a practi-
tioner espousing Mahayana precepts also may
have engaged in Tantric practices. Adherents of all
three traditions exist throughout the world, though
one traditionally associates Nikaya (primarily
Theravada) Buddhism with Southeast Asia;
Mahayana Buddhism with historical India, China,
and parts of Southeast Asia; and Vajrayana Bud-
dhism with historical India, Tibet, Japan, and, since
the late nineteenth century, the West.

Buddhism concerns itself with science in, for
example, its Tantric Vehicle. Tantric Buddhist texts
occupy themselves with questions of cosmology,
astronomy, embryology, and physiology, and they
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concisely weave religion and science together into
a seamless fabric. An eleventh-century Sanskrit
Buddhist Tantric text, the Srilaghu Kala-
cakratantra (or Sri Kalacakra [Auspicious short
Kalacakra Tantra] ), constitutes a primary example
of a religious text oriented toward meditative prac-
tice that also serves as the repository for highly de-
veloped scientific observations of the time. Divided
into five chapters, the Sr7 Kalacakra and its corre-
sponding twelve-thousand-verse Vimalaprabba-
11ka commentary contain five chapters in both San-
skrit and Tibetan redactions: (1) cosmology, the
realm-space section; (2) physiology, the inner-self
section; (3) initiation, the empowerment section;
(4) generation stage, the practice section; and (5)
completion stage, the gnosis section.

More specifically, the first chapter of the Sri
Kdlacakra, sometimes referred to as Outer Kala-
cakra, presents a cosmological alternative to tradi-
tional Buddhist cosmology as articulated in the
fourth century in Vasubandhu’s Abhidbarmakosa
(Treasury of manifest knowledge) and its Auto-
commentary, the Abbidharmakosabbdsya. The
second chapter, sometimes referred to as Inner
Kalacakra, outlines the physiology of the “subtle
body” (Sanskrit, Suksmadeba), including its struc-
ture and function. This chapter also addresses the
time cycle of breaths taken by a person during a
day. According to this system, the vital-wind
processes, which Tantric practitioners seek to con-
trol, situate the temporal divisions of the universe
in the body. The third to fifth chapters of the Sri
Kalacakra, sometimes referred to as Alternative
Kalacakra, include an explanation of the qualifi-
cations necessary for both guru and disciple and
also describe the activities that precede empower-
ment, which include examining the initiation site,
accumulating ritual materials, taking control of the
site, creating a protective circle, and constructing
the Kalacakra mandala. This third chapter also de-
scribes disciples’ progress through the mandala,
the guru’s conferral of empowerment, and the con-
cluding rituals that follow the empowerment cere-
mony. The fourth and fifth chapters of the Sri
Kalacakra focus on the practice of Kalacakra’s
six-limbed yoga. These practices include both gen-
eration stage and completion stage yogas.

See also BUDDHISM, CONTEMPORARY ISSUES IN SCIENCE
AND RELIGION; BUDDHISM, HISTORY OF SCIENCE
AND RELIGION

75

Bibliographby

Dwivedi, Vrajavallabh, and Bahulkar, S. S., eds. Vimala-
prabbatia of Kalki Sri Pundarika on Sri Laghukala-
cakratantraraja by Sri Manjusriyasas, Vol. 2. Sarnath,
Varanasi, India: Central Institute of Higher Tibetan
Studies, 1994.

Sopa, Geshe Lhundub. “The Kalachakra Tantra Initiation.”
In The Wheel of Time: The Kalachakra in Context, by
Geshe Lhundub Sopa, Roger Jackson, and John New-
man. Madison, Wis.: Deer Park Books, 1985.

Zahler, Leah. “Meditation and Cosmology: The Physical
Basis of the Concentrations and Formless Absorptions
According to dGe-lugs Tibetan Presentations.” Jour-
nal of the International Association of Buddhist Stud-
ies 13, no.1 (1990): 53-78.

JENSINE ANDRESEN

BUDDHISM, CONTEMPORARY
ISSUES IN SCIENCE AND
RELIGION

Buddhist reflections on science are based on in-
sights, doctrines, and practices that have evolved
from the teachings and life of Siddhartha Gautama
(c. 563—486 B.C.E.), the founder of Buddhism. The
assumption that reality is in constant flux, together
with the principle of pratityasamutpada (depend-
ent co-arising or interdependence), the primacy of
mind, and a holistic appreciation of health and the
world, are a few of the ideas from which Buddhists
have understood and critiqued science, its meth-
ods, and its conclusions. Pratityasamutpdda artic-
ulates the Buddha’s Weltanschauung and is the
basis for his teachings. The subsequent develop-
ment of Buddhist thought and practice explores
different facets of this insight.

Pratityasamutpada and science

A compound of pratitya (meaning “based on” or
“dependent on”) and samutpada (meaning “to
spring up together”), pratityasamutpada affirms
the temporal efficacy between a cause and its re-
sult. This efficacy underlies the belief in karmic ret-
ribution and reward. The principle also recognizes
the importance of conditions or indirect causes in
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generating a result; and explains the origin, per-
sistence, disintegration, and disappearance of exis-
tents. Pratityasamutpada further asserts the formal
and spatial reciprocity of all existents. This reci-
procity pertains not just to physical entities but also
mind (or cognition) and apprehended object. Mind
and object are both the cause and the result of the
other’s existence.

Most Buddhists are open to the discoveries
and theories of science, and they seek common
ground between the findings of modern science
and Buddhist doctrines and beliefs. Thus, though
Darwinism met great resistance in the West, the
Japanese, for example, deeply ingrained in the
Buddhist acceptance of transience, found no diffi-
culty with the concept that humans evolved from
lesser forms of life. Transcience is an indisputable
thesis for Buddhists. Buddhists examine in great
detail the process of change, its phases and their
duration, and its practical consequences.

The flowering of Buddhism in the West coin-
cided with the interest in science that emerged
from the post-Darwinian need to ground religious
belief in new scientific understanding of reality.
Moreover, Buddhists understand that objects and
individuals are comprised of an ever-changing
composite of elements of reality called dbarmas.
Originally dharma referred to social norms and re-
sponsibilities. Buddhists broadened its usage to
mean the Good, Truth, Teaching, and Law. Dharma
(meaning, literally, “thing”) is peculiar to Buddhism
and in early Buddhism designated the enduring
building blocks of transient phenomena. This was
an assertion that later, Mahayan thinkers, came to
dismiss. Dharma also refers to mind and its cogni-
tive functions. Although distinct and irreducible,
dharmas relate to other dharmas in time and space.
The consideration of the momentary spatial and
temporal intersection of dharmas prompted Chi-
nese Buddists to further expand the meaning of
dharma to include the notion of “event.”

The Buddha left a legacy of “benevolent skep-
ticism” of the unproven, an appreciation for rela-
tive values, and an empirico-rational problem solv-
ing method. As such, Buddhist “truths” are to be
discarded if and when they are no longer benefi-
cial. However, investigations into mind and the
natural world are not ends in themselves, but are
pursued for the purpose of relieving suffering, and
many Asian Buddhists are troubled by certain ad-
vances of the biological sciences, such as cloning
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and organ transplant, that challenge traditional
views of life, death, and family lineage.

Beliefs and doctrine

Siddhartha Gautama began his spiritual journey
with the question of human suffering. After six
years of spiritual exercises Gautama realized the
Dharma, the truth of pratityasamutpdda, and be-
came the Buddha, which means “Enlightened
One.” Buddha awakened to the reality that all
things, beings, and events, are mutually dependent
and irrevocably interrelated. Pratityasamutpada
can be understood as a further development of the
law of karma. Karma, literally “action” by living
beings, explains the creation, persistence, and dis-
integration of the universe (loka-dbatu). Later, the
Avatamsaka stutra and other Mahayana Buddhist
documents, which emerged in the first and second
century, claimed that the universe is a creation and
projection of mind. Existentially, karma accounts
for an individual’s present life situation, which was
determined by the moral quality that his or her ac-
tions generated in the past. Similarly, deeds per-
formed in one’s present life determine one’s station
in the next.

Mahayana Buddhists accepted the early Bud-
dhist understanding of the temporal efficacy of
karma, but proceeded to expand pratityasa-
mulpada to describe the formal and spatial rela-
tionship between and among dharmas. The rela-
tionship of a single dharma with the world, as well
as with every other dharma, is outlined by the doc-
trine of fajie yuangi (universal pratityasa-
multpada). In a mutually dependent world, each
dharma assists in the creation and support of the
world and every other dharma. At the same time,
each dharma is supported by all other dharmas.

Fazang (643-712), the third patriarch of the
Chinese Huayen school, detailed the temporal and
spatial relationships among all dharmas with the
“Ten Subtle Principles of the Unimpeded Fusion of
Pratityasamutpada,” which is discussed in his
Huayen tanxuanji, a commentary on the
Huayenching (Avatamsaka stitra). The Ten Princi-
ples describe the relationship between each
dharma and every other dharma. Similarly, an in-
dividual is never conceptualized in isolation, but as
part of a dynamic and ever-evolving society of
other persons and the universe. Morally, pratitya-
samutpdda engenders the virtues of responsibility
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and gratitude. More concretely, this vision of inter-
dependence is true for the human person. Health
is understood to be a balance among all the bod-
ily functions and an integration of body and mind.
The health of the individual is intimately linked
with the health of society and the environment.
While Buddhists are primarily interested in karma
and pratityasamutpada as a principle of moral and
spiritual causality, these notions are also used to
explain the formation of and interactions in the
physical and cognitive worlds.

Though Theravada and Mahayana Buddhists
differ in their understanding of pratityasamuipdada,
they agree that change is the nature of reality, that
suffering is endemic to the human condition, and
that the realization of Nirvana results in the tran-
scendence of change and suffering. Both traditions
accept andatman (selflessness), a notion that the
Buddha reasoned reflected the reality of the con-
stantly changing relationships among the five
skandhbas (aggregates)—i.e., form, sensation, per-
ception, mental formations, and consciousness—
that constitute the psychological self. The skandhas
are not substantial or eternally existing forms. The
Buddha never denied there was an ontological self.

Theravada, the representative tradition of pres-
ent-day South and Southeast Asia, and Sarvasti-
vada, a once influential non-Mahayana school, fur-
ther refined these five skandhas into seventy-five
dharmas, or ontological elements of reality. Yo-
gacara, a Mahayana tradition, lists a hundred dhar-
mas. Systematic summarizations of these dharmas
and their causal relationships are articulated by the
fifth-century Theravadin master Buddhghosa in the
Visuddbimagga, and by Vasubandhu (c. 400-480),
a Sarvastivada apologist, in the Abbidbarmakosa-
Sastra. In contrast, Mahayana, which represents the
tradition of present day North and East Asia, pro-
posed a more radical view, namely that dharmas
themselves are devoid of essential essence. This
view is proclaimed in the Prajniaparamita-sutra
(Heart Sutra): Form is emptiness and emptiness
is form.

Attitudes toward science

Assessment of the scientific method. Buddhists
do not reject the efficacy and benefits of science;
they nonetheless critique the scientific method and
the validity of the knowledge that is derived from
science. Appealing to the Abbidbharmakosasastra’s
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classification of four conditions, Izumi Yoshiharu
faults the narrowness of observation employed by
the scientific method to explain the appearance of
an event. The Abbidharmakdsasdstra, which enu-
merates, in addition to the four conditions, six
causes and five results, states in sum that the occur-
rence of an event is facilitated by dominant causes
and contributory conditions. A dominant cause di-
rectly contributes to the fruition of a karmic event.
For example, an acorn would be the dominant or
direct cause of an oak tree because only an acorn
can become an oak tree. Contributory conditions
include sunlight and soil conditions, as well as ade-
quate rainfall to nurture and sustain the acorn as it
transforms from a sprout to a sapling and into a ma-
ture tree. Both causes and conditions are necessary
for an event or being to appear. In addition, the Ab-
bidbarmakosasastra cites the necessity of passively
efficacious karmic causes and conditions that do not
prevent or hinder the occurrence of a result. For ex-
ample, the violets in a garden have no direct rela-
tionship to the phases of the moon, but in so far as
their blossoms do not prevent its rotation, they are
considered causal conditions. The Visuddhimagga,
which lists twelve kinds of karma into three cate-
gories, details a similar understanding.

Buddhists also question the validity of objec-
tive observation, which presumes an unchanging
observer and phenomenon, since reality—things
and beings—are in constant flux. Not only does an
observer continually change, but different ob-
servers will observe the same phenomena differ-
ently. Further, Buddhists have determined through
their meditative exercises that perception deter-
mines the way objects and events seem to exist.
Taking their cue from such documents as the
Avatamsaka stitra and Prajnasamadhbi stitra, Bud-
dhist thinkers such as Maitreya (c. 270-350),
Asanga (c. 310-390), Vasubandu, and others from
the Yogacara tradition argued that the reality one
perceives and knows is a transformation of one’s
mind. When a person sees a red rose, what the
mind perceives are neural signals that have been
converted from light waves that strike the retina of
the eyes. Subsequently, the mind interprets and
cognizes these signals. Buddhists do not deny the
reality of the physical world. Additionally, one’s
moods and temperament, as well as one’s physical
and environmental conditions, influence how one
sees the world. Perception varies from moment to
moment and differs from person to person.
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This mutuality between the observer and ob-
served preoccupied early Buddhist and Yogacara
thinkers who explored in great detail the mutual-
ity of mind and its object of perception. In the
twentieth century, the German physicist Werner
Heisenberg arrived at a similar conclusion in
quantum physics. The Heisenberg Uncertainty
Principle claims that on the subatomic level, one
cannot know simultaneously with precision the
velocity and position of an entity. The observer
changes the very nature of the “reality” that is
being measured.

The Buddhist doctrine of pratitysamutpada
also challenges the validity of scientific principles
or any other paradigm as the arbitrator of truth.
Science and its method survey only a limited spec-
trum of reality experienced by human beings.
Pratitysamutpada, which recognizes the impor-
tance of every dharma, validates multiple centers
and shifting paradigms. The tenth of Fazang’s
Ten Principles, the principle of complete accom-
modation of principal and secondary dharmas,
(zhuban yuanming jude men) describes the ra-
tionale for shifting paradigms. In an interdepend-
ent world, all dharmas are mutually supportive and
mutually dependent. When a dharma is singled
out, it becomes the principal dharma, and the re-
maining dharmas are relegated to a secondary sta-
tus. Every dharma has the potential of alternately
assuming the principal or secondary role. On a
given occasion, a dharma may be the principal; on
another, a second dharma may assume the princi-
pal role.

This idea of the shifting perspectives of an
event is illustrated by Japanese director Akira
Kurosawa’s film Rashomon (1950). The “truth” is
relative to a particular storyteller: the murdered
samurai who speaks through a medium, his vio-
lated wife, the bandit, and the woodcutter who
witnessed the event. Each retelling emphasizes the
storyteller’s version, while relegating other per-
spectives to a secondary role. To be truly objective,
one must see an event from all possible vantage
points. Shifting vantage points offer alternative per-
spectives of reality. One never fully discovers the
nature of reality, which may remain forever am-
biguous. Scientific paradigms, as Thomas Kuhn ar-
gued in his 1962 book The Structure of Scientific
Revolutions, are forever shifting and riddled with
unexamined prejudices and presumptions. Sci-
ence, which is a visual rendering technique
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perfected during the European Renaissance, sees a
view from a single-fixed point, and, as such, it is
hardly objective. As early as the third century
B.C.E., Nagajuna (c. 150-250 B.C.E., one of the pri-
mary thinker of Mahayana Buddhism and founder
of the Madhyamaka school, had already estab-
lished that all conceptual categories of understand-
ing distort reality.

Environmental science. Buddhism shares a ho-
listic paradigm of nature with the environmental
sciences. The doctrine of pratiitysamutpada sees
the world as a single whole in which sentient life
and the world that supports it are irrevocably in-
tertwined. Buddhist “teachings emphasize the im-
portance of coexisting with nature, rather than con-
quering it. . . . The very core of Buddhism evolves
around compassion, encouraging a better respect
for and tolerance of every human being and living
thing sharing the planet” (Kabilsingh, p, 8). Mary
Evelyn Tucker and Duncan Williams's Buddhism
and Ecology: The Interconnection of Dharma and
Deeds, a collection of papers presented at the 1996
proceedings of Earth Charter, set forth the Bud-
dhist vision of ethical principles concerning the en-
vironment for the twenty-first century.

Organ transplant. Buddhist reflections of
biotechnological advances such as gene therapy,
cloning, and organ transplants, which have pushed
the traditional boundaries of life, death, and per-
sonal identity, are grounded on the meaning of
sentience and life. Buddhist medical theory is
based on presuppositions of transience, the com-
posite nature of persons, and a holistic under-
standing of the individual. Buddhists understand
human life to be a fortuitous event that involves
the coming together of innumerable causes and
conditions. Death is the dissolution of the tempo-
rary coalescing of mind and body. Life is identified
with sentience, which includes feelings and in its
broadest sense encompasses animals, plants, and
inanimate objects.

Like Ayurveda, the classic system of Indian
medicine, on which it is based, Buddhist medicine
assumes that the living body consists of a substra-
tum of three humoral fluids—phlegm, bile, and
wind—that circulate throughout interconnected
channels of the body to ensure vital life functions.
Health constitutes the proper balance and circula-
tion of these humors. Buddhists learned long ago
that a healthy body is required before one can
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discipline the mind for spiritual exercises. Bud-
dhists have identified life with cardiopulmonary
activity. Consequently, the absence of brain activ-
ity, the criterion used for organ transplants, does
not necessarily signify the death of the person.
Many Buddhists are of the opinion that as long as
the body is warm, there is life, and they have re-
sisted the harvesting of organs. Additionally, some
think that a body, though cold, may feel pain
when incisions are made to remove its organs.

Another pervasive attitude against organ trans-
plants is the belief that life is impermanent and
death is inevitable. Such efforts to extend life dis-
rupt an individual’s karmic life span. Moreover,
organ transplants are possible only at the expense
of another person’s life, a violation of the precept
to abstain from taking and profiting from another
life. Consequently, some Buddhists advocate the
development and use of artificial organs. However,
those who favor transplants argue that the gift of
life is the greatest gift an individual can give.

While Buddhist doctrine offers ample support
for the reluctance of organ transplants among East
Asian Buddhists, the Confucian notion of filial
piety, which has been incorporated into their ritual
and socio-cultural practices, is also influential. The
opening lines of the Confucian text Hsiao Ching
(Classic on filiality) states, “Filial piety is the basis
of virtue and the source of our teachings. We re-
ceive our body, our hair, and skin from our par-
ents, and we dare not destroy them.” Chinese fu-
nerary practices insist that a person should be
buried with every part of his or her body. Such rea-
soning sees the donation of one’s organs to be an
unfilial act. Receiving the heart of another person
raises questions of family identity. The Japanese re-
luctance against organ transplants and organ do-
nation is rooted in a pre-Buddhist notion of per-
sonhood, which holds that physical death marks
the beginning of the spiritual life of a person. The
spirit can mature or proceed to ancestorhood only
if the body is interred with all of it parts.

Cloning. As of 2002, Buddhist reflections on
cloning and genetic engineering have been few
and mostly cautionary. Citing the sanctity of life,
some Buddhists are concerned over the unfore-
seen consequences that biotechnology will have
on human life and the environment. Others find
repugnant the idea of cloning a human being
to produce organs for use in transplantation.
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However, invoking the Buddhist assumption that
reality is in constant flux, the birth of Dolly, the
first successfully cloned sheep, as well as the
prospect of a human clone, are part of evolving re-
ality. The birth of Dolly also raises issues of the
continuity of family lineage. Genetic manipulation
brings into question the relationship between prior
generations, their progeny, and future generations.

Cognitive sciences. Buddhists have expended
great energy in investigating and speculating on
the nature of mind and cognitive functions. Psy-
cho-spiritual phenomena experienced during med-
itative practice are the basis for the speculations
and systemization of mind, mental functions, and
the world. Further, the belief in successive rebirths
means that mind is not an emergent property of
life, but is one of the conditions for it. Thus the
Buddhist would say, “I am, therefore I think.” In-
voking the theory of karma and the idea of suc-
cessive lives, the energy of consciousness from a
previous being is a necessary condition for the
arising and development of life in the womb.

For the Yogacarins, mind and object (psychic
impressions of the objective world) arise together.
Since the mid 1970s, there has been a heightened
interest in Buddhism and the neurosciences by ac-
ademics in the West. The Dalai Lama and a number
of neurologists, biologists, psychiatrists, physicists,
and philosophers have organized “Mind and Life”
meetings centering on the nature of mind. One re-
sult of these discussions was the publication of The
Embodied Mind (1991) by Francisco J. Varela, Evan
Thompson, and Eleanor Rosch. They explore the
structure of the subjective experience through cy-
bernetics, brain science, psychology, and artificial
intelligence using Tibetan Abhidharma categories
of mind and mental functions. James H. Austin’s
Zen and the Brain (1998) weaves brain research
with his Zen experiences.

Conclusion

Buddhism’s interest in science is essentially thera-
peutic—to relieve human suffering and to care for
the earth. Though Buddhists are open to the dis-
coveries of change, Asian Buddhists were almost
universally wary of improper use of new knowl-
edge, and thus have been preoccupied with the
ethical issues generated by organ transplant and
cloning. In contrast, Western scholars and Western
converts to Buddhism tended to explore the impli-
cations of Buddhist ideas. Finally, different systems
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of knowledge are built on differing assumptions of
reality, which in turn lead to different notions of
reality and categories of understanding. For the
Buddhist, Western science and its assumptions are
just one of many ways of understanding reality.
Most Buddhists, while acknowledging the scien-
tific and technological domination of the West,
continue to find correspondence and derive legiti-
macy for their vision of reality. Perhaps, as Izumi
suggests, a science based on the complex notions
of causality of the Abbidharmakosasastra might
lead to alternative methods of observation, experi-
mentation, and theories of reality (Izumi 1999, p.
63). An alternative science and methodology, for
example, can perhaps be extrapolated from cur-
rently practiced Tibetan Buddhist medicine, which
still preserves much of its original paradigm.

See also BIOTECHNOLOGY; CLONING; CYBERNETICS;
DARWIN, CHARLES; ECOLOGY; EXPERIENCE,
RELIGIOUS: COGNITIVE AND NEUROPHYSIOLOGICAL
ASPECTS; GENE THERAPY; HEISENBERG’S
UNCERTAINTY PRINCIPLE; KARMA; NEUROSCIENCES;
PARADIGMS; QUANTUM FIELD THEORY
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BUDDHISM, HISTORY OF
SCIENCE AND RELIGION

The fundamental Buddhist ideas of interdepend-
ence and impermanence are based on a rational
apprehension of the world that can be likened to
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the modern scientific method. Because of this
basic shared approach, Buddhism and science doe
not come into serious conflict. The primary con-
cern of Buddhism is to relieve human spiritual suf-
fering and not to clarify the laws of nature. Thus
Buddhists have freely adopted the practical scien-
tific technologies of each epoch and place. For
Buddhists, scientific technology is neither good nor
evil. However, Buddhism recognizes that a self-
centered application of technology can harm the
integrity of other life forms, and hard to these can
in turn harm human beings. Buddhism emphasizes
the holistic relationship of life and the harmonious
coexistence of all beings and all things.

Essence of Buddhism

Buddhism was founded in northernwestern India
by Gautama Buddha (463-383 B.C.E.), who real-
ized the truth of Pratitya-samutpada (interde-
pendent co-arising). For Buddhists, interdepend-
ence means that all living beings are born through
the intersection of causes and conditions, and all
lives are supported by the existence of others. The
term conveys two meanings. First, interdepend-
ence is a fundamental principle of universe.
Though the world is full of distinctions, each being
exists and evolves in harmony with the vast net-
work of interdependence that sustains all life. The
world is an interconnected, interdynamic, cooper-
ative whole, not a collection of separate, opposi-
tional parts. Buddhists understand that no being is
unconditional, permanently fixed, or immutable.
Nothing exists by itself. Second, interdependence
is not a mechanical law of nature but is the reality
of compassionate relationships. Awakening to in-
terdependence cultivates a sense of consideration
towards all beings. All beings are worthy of re-
spect due to their mutuality. Each being is an irre-
placeable existence of the universe. Buddhism
teaches one how to see all sentient beings as fel-
low living beings and cultivate the empathic mind
of oneness with others. In the Sutta-nipata, one of
the oldest Buddhist scriptures, the Buddha dis-
cusses his view toward life as follows:

Whatever living beings there be: feeble or
strong, tall, stout or medium, short, small
or large, without exception; seen or un-
seen, those dwelling far or near, those who
are born or those who are to be born, may
all beings be happy. Just as a mother
would protect her only child at the risk of
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her own life, even so, let him cultivate a
boundless heart towards all beings. Just as
a mother would protect her only child at
the risk of her own life, even so, let him
cultivate a boundless heart towards all be-
ings. (The Sutta-nipata, p. 16)

The Buddha, according to this passage, every-
where and at all times respected all beings equally,
without discrimination, and wished them happi-
ness. Therefore, human beings should be aware
of the truth of coexisting with other life forms
through mutual support and should cultivate com-
passion toward other beings. The ultimate goal of
Buddhist is to save both the self and others.

The relationship between Buddhism
and science

Historically, Buddhists have placed highest value
on a supermundane wisdom that is beyond secu-
lar attachments and have encouraged compassion-
ate acts toward all living beings. For Buddhists,
there was no need to take part in practices such as
sacrificial rituals, divination, or astrology, which
have been popular in the societies of the various
countries Buddhism has entered. The natural sci-
ences also never became a significant part of Bud-
dhist practice, although Buddhists were eager to
introduce into their practices the knowledge of
medicine and pharmacology, as well as more prac-
tical scientific technologies from paper and ink
making to metallurgy, sculpture, and architecture.
Such practical knowledge provided them with ad-
vanced skills in building temples, carving and cast-
ing statues, and printing scriptures, all of which
helped in spreading the teaching of Buddhism. It is
well known that the concepts of zero and fractions
were first discovered in India. The discovery of
zero is considered to be related to the Buddhist
concept of impermanence or anatman (no-self).

Science focuses on the external world and
seeks to analyze objectively the phenomena of the
universe, including human beings, to clarify the
principle behind each phenomenon and to apply
its discoveries to society to bring comfort to human
lives. On the other hand, Buddhist teaching fo-
cuses mainly on the inner self as it faces the reality
of suffering. The Buddhist path aims at pinpointing
and eradicating causes of suffering for the sake of
the accomplishment of the totality of the individual
human being and that being’s peace of mind.

82

Therefore, Buddhism, which focuses on the indi-
vidual, did not develop a standpoint of observing
the universe and natural phenomena objectively,
and Buddhism did not attempt to formulate a me-
chanical model of the universe.

Buddhist cosmology is based on the concept
that nature and human beings are not mutually op-
posing, but are harmoniously interdependent.
Therefore, nature, or the external world, has never
been considered as merely material existence
within the cosmology of Buddhism. One of the
most representative descriptions of the Buddhist
cosmology appears in the Abhidbaemakosabbasya
composed during the fifth century C.E. by Vasu-
vandhu, which states that at the foundation of the
universe a vast ring of wind floats within empty
space. The thickness of the ring is 1,600,000 yo-
Jjana (one yojana is approximately seven miles)
and its circumference is 1059 yojanas. Above the
ring of wind there is a ring of water, and on the top
of the water ring is a ring of metal. There is a layer
of water, an ocean, above the metal ring. At the
center of the ocean is a mountain named Sumeru.
The height of the mountain is eighty thousand yo-
janas. Mount Sumeru is surrounded by nine
mountain ranges and eight oceans, and the sun
and moon circle around it. This is the world of the
six realms of transmigration known as samsara.

The world of the six realms of transmigration
consists of hell (naraka), the realm of hungry
ghosts (preta), the realm of beasts (tiryand: the
realm in which beasts kill each other), the realm of
human beings (manusa: although humans are in
the state of suffering, they have self awareness of
their state of impermanence and ignorance and are
capable of seeking the true living), the realm of ti-
tans (asura: deities of anger and fighting), and the
realm of heavenly beings (devas). These six realms
are all the world of suffering.

Until modern Western scientific theories de-
scribing the shape of the Earth and the structure of
the solar system were introduced into Buddhist na-
tions like India, China, and Japan, the majority of
Buddhists believed that this cosmology truly rep-
resented the structure of the universe. However,
Buddhist cosmology was not created as a chart of
the Earth discovered through geographic survey or
astronomical observation. Rather, Buddhist cos-
mology was a vision created spiritually by Indian
Buddhist monks, both Theravada and Mahayana,



who contemplated upon the towering Himalayan
mountains in the north of the subcontinent. The
purpose of this cosmological vision is to reveal the
reality of this world, which is filled with defile-
ments and sufferings as living beings transmigrate
through the six realms of existence.

Buddhists meditate upon the concept of trans-
migration of the six realms of existence in order to
awaken to truths of impermanence and vanity and
to achieve the state of enlightenment, which is be-
yond the realms of ignorance. Even today, this
spiritual cosmology of Buddhism remains re-
spected within Buddhist communities throughout
Southeast and East Asia.

India. The Ayurveda, a traditional Indian book
on medicine that was adopted by Buddhism, dis-
cusses surgery, pediatrics, toxicology, and divine
pharmacology. It even includes a skeletal chart of
the human body. The Buddha is often referred to
in Buddhist documents as the “Great and Good
Physician” and “Great Doctor King.” The Buddha’s
teaching is regarded as a kind of medicine that re-
lieves human suffering and brings spiritual libera-
tion. In the Anguttara-nikaya, the Buddha de-
clared, “Caring for the ill is no different from caring
for me.” One who cares for a dying person,
through that act of caring, reciprocally learns about
the impermanence and preciousness of life. From
the time of early Buddhism, and through the his-
tory of the religion in China and Japan, there have
continually been movements to provide care com-
passionately to the sick.

During the third century B.C.E., King Asoka of
the Mauryan Empire, after reflecting on the cruelty
and evil of war, converted to the teaching of the
Buddha, which taught compassion and peace.
Based on Buddhism’s egalitarian view of the origi-
nal nature of all human beings, the king protected
all religious traditions equally. He built hospitals
for humans and animals, grew medicinal herbs,
planted trees on the streets, and dug wells and
ponds for the well-being of the people.

In the beginning of the second century C.E.,
during the reign of King Kaniska of the Kusana
Empire, the royal physician Caraka, an ethicist and
a Buddhist, compiled a great book on medicine.
According to the book Caraka-Sambita: The Col-
lected Medical Treatments of Charaka, human be-
ings must strive to seek three goals: to respect all
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lives, to obtain fulfilled lives, and to attain the hap-
piness of enlightenment. In India, the practice of
medicine was not an independent area of science,
but was treated as an integrated part of Buddhism,
philosophy, and ethics.

China and South East Asia. Numerous Ma-
hayana and Theravada Buddhist scriptures dealing
with the cure of general illnesses, eye maladies,
and dental problems appear from about the late
fourth century C.E., when advances in medicine
and pharmacology were made. In Tibet, China,
and South East Asia, the study of medicine and
pharmacology was based on traditional Indian
ayurvedic medicine. Additionally, in China Bud-
dhists incorporated existing traditional medical
practices including acupuncture, moxibustion
(moxa-herb combustion treatment), and medicinal
herbs to cure illnesses.

During the Tang dynasty, Chinese Buddhism
reached its maturity in part through cultural ex-
changes with regions to the west. During the early
eighth century, the monk Yixing (683-727), fa-
mous as an astronomer and mathematician in the
capital city Changan, created the Tayan calendar at
the request of the emperor Xuanzong in 727. An
accurate calendar was essential because it was be-
lieved that the movements of the stars and planets
had a great influence on the prosperity of the em-
pire. The Tayan calendar was based on the existing
Chinese calendar system but enhanced its accu-
racy through the use of astronomical observations.
It remained the basis for calendar making for many
centuries thereafter. The Tayan calendar was intro-
duced to Japan in the seventh century and was
used as the official calendar for almost one hun-
dred years between the eighth and ninth centuries.

Korea and Japan. Many Buddhist monks from
the Korean peninsula traveled to India and China
to seek the true Buddhism. Others went to Japan
to propagate and establish the foundations of Bud-
dhism in this neighboring country. These monks
greatly contributed to the creation of Japanese cul-
ture. For example, Huici, a Korean monk from
Koguryo, went to Japan in 595 C.E. and was ap-
pointed the tutor of Prince Shotoku. In 602, the
monk Guanle from Pekche introduced the studies
of astronomy, geography, calendar making, and
mathematics. In 610, Tanzheng, a Korean monk
from Koguryo introduced the Chinese technologies
and arts of painting, paper making, and ink pro-
duction. These technologies were also transmitted
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to nations to the west as Chinese and Korean
monks traveled to propagate Buddhism.

In Japan, Prince Shotoku, who studied the
Buddhism and politics of the Chinese Sui Dynasty,
is credited with introducing new Chinese architec-
tural technology and encouraging the arts of paper
and ink making during the seventh century. He
built Buddhist temples for the sake of world peace
and social equality. In the eighth century the Em-
press Komyo, influenced by the compassionate
spirit of the Tang Dynasty, built the Hiden-in, a
“house of compassion” with social welfare facilities
providing shelters for the poor, sick, and or-
phaned, and the Seyaku-in, a “house of medicine”
with its own medicinal herb garden and pharmacy
offering free care and medicine for the poor. The
world’s oldest printed materials were Buddhist
scriptures found in Korea and Japan. These include
Hyakumantou-darani, Buddhist scriptures en-
shrined in three-story wooden stupas, which were
made to pay tribute to the war dead in 764.

In Japan, physician-monks appear as early as
the seventh century. Although these monks bore
the title zenji (meditation master), they were not
advanced zazen practitioners but medical care
givers for emperors and aristocrats. The work of
physician-monks included the techniques of
acupuncture and moxibustion, the creation of me-
dicinal compounds, surgery, internal medicine,
pediatrics, ophthalmology, and obstetrics. They
did not use the practices of esoteric Buddhism,
such as mystical prayers and divination, for curing
sickness.

From the seventh to twelfth centuries, monks
from China, such as Ganjin, and Japanese monks
who had studied in China, such as Saicho and
Kukai, continued to introduce medical practices,
including new medications and breathing exer-
cises. Records indicate that monks in the Nara
area—like Kiogan of Todaiji, Kikogan of Tosho-
daiji, and Hoshintan of Saidaiji—produced and
marketed medicine to support the temple econ-
omy. During the thirteenth century, the Tendai
School on Mount Hiei established a department of
medicine within the monastic complex. From the
sixteenth century, Jodo Shinshu temples in partic-
ular encouraged the production of medicine by
popular medical practitioners and donated medi-
cine for the sick.

During the 1920s, the work-oriented Morita
therapy was developed within Japanese psychiatric
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medicine. Based on the teachings of Zen Bud-
dhism, especially the concept of nonattachment,
Morita therapy teaches that the more one tries to
eliminate suffering, the more suffering becomes
fixed in one’s consciousness. Morita therapy in-
volves giving up the attachment to suffering by liv-
ing with suffering while doing physical work, nur-
turing the mind, and searching for a new and
meaningful way to live. Morita therapy clearly con-
trasts with modern medical practices, which objec-
tify illness as an enemy to be forcefully conquered.

In the 1980s the modern vibara movement in
Japan, Korea, and Taiwan was created through the
teamwork of specialists in Buddhism, medical care,
and social welfare. The word vibara has several
meanings: a temple (shoja) or a monastery (soin),
peace of body and mind, a place for practicing as-
ceticism, and a place for rest or a hospital. Learn-
ing from the spirit of hospice care developed by
Christians, the vibara movement created a net-
work of caregivers and facilities to provide hu-
mane and whole-hearted support for patients and
their families. The aspiration of vibara is that pa-
tients and families are not left alone while they are
under medical attention. The vihara movement, in
accordance with the thought of the Japanese Bud-
dhist cleric Shinran (1173-1262), does not aim to
control people’s minds to make them peaceful at
the end of their lives. Nor does it judge people by
the manner in which they die. The vibara move-
ment accepts each person’s death as a unique in-
dividual death. People shed tears in memory of the
loved one after they are separated from them. The
vibara movement is also important for the surviv-
ing family to learn from the memories of the de-
ceased as guidance for their lives.

Historically, pharmacological research and the
production of traditional medicines developed in
areas in which the practice of Buddhism was
strong. Buddhists did not believe that prayer cured
sickness, nor did they give themselves up easily to
illness as their unavoidable fate. Instead, Bud-
dhists understood illness to result from causes and
conditions, and they directly sought its eradication
through the development of medications and
treatments.

Tibet. In Tibetan Buddhism, natural science,
medicine, and pharmacology are incorporated
within Buddhist practice. Tibetan medicine is
highly holistic. It emphasizes the integrated mind



and body and their harmony with the entire uni-
verse. Gyu-shi (four medical texts) written in the
eighth century is one of the world’s oldest docu-
ments on psychiatry.

At a Tibetan Buddhist hospital housed in a
four-story modern building in downtown Lhasa,
doctors who have also studied modern western
medicine treat patients according to traditional Ti-
betan Buddhist medical practice. They consult
charts of human anatomy showing the paths of
respiratory tracts, arteries, and chi; charts of pres-
sure points in the human body; and charts of
plants and animals used for food. Buddhist doctors
in Lhasa also use charts explaining how to diag-
nose illness by analyzing urine and blood, and
they refer to tanka paintings of astronomical
charts. This combination of charts represents the
fundamental Tibetan Buddhist concept of the in-
terrelatedness of the human body and the uni-
verse. This hospital is also attempting to compile a
scientific analysis of the psychology of Buddhist
enlightenment through modern psychology.

Buddhist encounters with modern Western
science

When modern western science was first intro-
duced to countries with large Buddhist popula-
tions, no major conflicts arose. Buddhists accepted
western scientific technologies without much re-
sistance. For example, in Japan during the nine-
teenth century, there emerged an idea of Japanese
spirit and Western knowledge (wakon yosai),
which entailed the introduction of Western knowl-
edge and technology with respect to traditional
Japanese spirituality.

Asian society through the twentieth century
has never experienced a drastic transformation of
worldview to parallel the European scientific revo-
lution or the Renaissance. One explanation for this
is that Asian religions do not posit a singular god
that governs over human beings. In the West, how-
ever, distinctions of self and others, human beings
and nature, and human beings and God are clear.
Galileo Galilei’s (1564—1642) mathematical vision
of the universe and René Descartes’s (1596-1650)
dualistic distinction of matter and spirit became the
foundation for the eventual emergence of ad-
vanced scientific technologies such as electronics
and genetic engineering. Observing a phenome-
non objectively to discover the principles of the
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phenomenon is the starting point of modern sci-
ence. For Buddhists, however, there exists no ab-
solute being, and Buddhists need to nurture a
sense of harmony and oneness with all things and
beings. Humanity and nature are both precious ex-
istences, and the universe is composed of mutual
supports for each existence. Therefore, modern
scientific thinking, which analyzes nature and the
universe as material, did not emerge.

Another reason that the modern scientific
worldview was readily accepted in Buddhist na-
tions is that Buddhism and science are both
founded on the idea that everything in the uni-
verse has a cause. The Buddhist truth of interde-
pendent co-arising is the concept that all phenom-
ena are produced by the interrelatedness of things.
Modern science also tries to clarify the cause of
phenomena by the interrelatedness of matter. Be-
cause both Buddhism and science share this kind
of rational thinking, Buddhists could easily accept
modern science.

However, in Buddhism, understanding phe-
nomena objectively by dividing self from others is
considered to be an insufficient partial knowledge
that will not bring a holistic understanding of the
world. For example, there is a Buddhist analogy of
“four visions of one water.” For human beings,
water is for drinking; for fish, water is a dwelling;
for hungry ghosts (preta), water looks like a pool
of pus; and for heavenly beings (deva), water is a
beautiful jewel like lapis lazuli. This analogy
demonstrates how all beings understand the water
in different ways according to their own stand-
points. For Buddhists, the existence of beings is
not permanently static. Scientific knowledge dis-
covered that a molecular of water consists of oxy-
gen and hydrogen atoms. But this scientific view,
while a type of knowledge, by no means captures
the true quality of water. In the desert, water is as
sweet as honey; for a person washed away by a
flood, water is a threat. Buddhism teaches that
there can be no understanding of the true quality
of existence through attachment to a single view-
point. Buddhism respects the unity of self and oth-
ers by going beyond attachment to oneself and
one’s own perspective.

The Buddhist way of understanding phenom-
ena is perhaps best described by the concept of
the four wisdoms of the Yogacara school of Ma-
hayana Buddhism. First, the wisdom of the perfect
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mirror is the wisdom of understanding all phe-
nomena as they are, as if reflected in a clear mirror.
Second, the wisdom of equality is the wisdom of
understanding the fundamental nature shared by
everything that exists. Third, the wisdom of won-
drous observation is the wisdom of understanding
all existences by their differences through the ob-
servation of the characteristics of each existence.
Fourth, the wisdom of accomplishing what is to be
done is the wisdom of qualitatively transforming
the five human senses (touch, sound, sight, smell,
taste) so as to act for the benefit and to perfect the
existences of all living beings.

Buddhism and science in the twenty-first
century

The relationship between science and Buddhism is
not contradictory, for each can mutually under-
stand the knowledge and wisdom of the other and
bring benefits to humans and the Earth. But Bud-
dhism teaches that people must avoid an extreme
dependency on scientific technology because the
application of technology has both beneficial and
dangerous aspects. In this sense, Buddhists believe
that it is necessary to bring a certain degree of reg-
ulation into the progress of science.

In order to nurture a productive relationship
between Buddhism and science, three important
attitudes should be maintained. First, there must be
a transformation of viewpoint from self-centered
interests to a universal vision. Second, people must
respect the values of modern science, yet avoid re-
ducing all existences to material or mathematical
formulae. Third, people must stop simply dis-
cussing problems and start acting to protect living
beings and the environment.

In 1989, the 14th Dalai Lama of Tibet discussed
his idea of the relationship between Buddhism and
science when he accepted the Nobel Peace Prize.
The problems people face today, such as violent
conflicts, destruction of nature, poverty, hunger,
and so on, are human-created problems that can be
resolved through human effort, understanding, and
a sense of brotherhood and sisterhood. The Dalai
Lama stated that people need to cultivate a univer-
sal responsibility for one another and the planet.
Buddhists and the spiritual leaders of many other
religions support the Dalai Lama’s vision. Buddhists
believe that people should not negate science sim-
ply by pointing out the harms created by modern
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science. Rather, scientists and religious leaders need
to make more efforts to cooperate and depend on
each other to bring happiness to Earth and humans.

See also BUDHISM; CHINESE RELIGIONS AND SCIENCE;
TRANSMIGRATION
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NAOKI NABESHIMA

BUTTERFLY EFFECT

Butterfly Effect is a term coined by the American
metereologist Edward Lorenz (b. 1917) to describe
a special effect in chaos theory. Because of the it-
erative character of chaos theory, the slightest
change in the initial conditions of a chaotic system
can accumulate in the long run into an enormous



effect. Because of this sensitivity to initial condi-
tions, the state of a chaotic system is practically un-
predictable in the long run, even though such sys-
tems are deterministic. Lorenz came up with a
fanciful image to illustrate this effect: The flapping
of a butterfly’s wing in the Amazon can result in a
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tornado in China. Thus, the sensitivity of chaotic
systems to initial conditions came to be called the
Butterfly Effect.

See also CHAOS THEORY; UNPREDICTABILITY

WOLFGANG ACHTNER



CALVINISM

The term Calvinism was originally a polemical
label meant to denigrate those deemed to be fol-
lowers of the French reformer John Calvin
(1509-1564). Those who in fact were most influ-
enced by Calvin chose not to be named after a
person—Calvin or anyone else—and instead most
commonly referred to themselves as members of
the “Church reformed according to the Word of
God” or simply as “those of the cause.”

If Calvinism cannot be traced exclusively to
one person, it also cannot be reduced to the pres-
ence of two or three fixed teachings. If one is to
judge from the Westminster Confession and Cate-
chisms (1646-1647), the Heidelberg Catechism
(1563), and the Second Helvetic Confession (1566),
the most prominent components of Calvinism in-
clude the centrality of the person and work of the
Mediator; the work of the Holy Spirit in the right
interpretation of the normative Scriptures of the
Old and New Testaments; the emphasis on the
Church as the body of the elect and their assurance
of salvation; justification and sanctification by
grace alone through faith and the positive use of
the law in guiding believers; the importance of the
ordinary means of grace; and the need to translate
the sovereignty of God into transforming political,
educational, and economic structures. In polemical
debate Calvinists were often divided over the im-
plications of any given doctrine of predestination,
especially concerning the question of free will and
whether atonement is universal or limited.
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CARTESIANISM

Cartesianism is the name given to the philosophical
movement initiated by French mathematician and
philosopher René Descartes (1596-1650) on the
basis of two key innovations. The first is Descartes’s
claim that material events, including most biologi-
cal phenomena, can and must be explained with-
out appeal to teleological principles or occult qual-
ities, through laws of motion acting mechanically
on microcorpuscular bodies having no properties
beyond spatial extension and shape. Descartes’s
second claim, his dualism, is that the distinctive
human properties of selective intentionality and
free volition, dramatically manifest in the creative
freedom of language, mark human beings off from
other animals as innately possessed of an immate-
rial soul or mind that is ontologically independent
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of matter, characterized by infinite moral freedom,
susceptible of a distinct happiness, and capable of
continued existence after the body’s demise.

In Descartes’s day, the first claim was by far
the most controversial: how can living, breathing
beings, plants and bees and horses, emerge from
purely mechanical laws acting invariably on inert
matter? As a program for physics, Descartes’s ele-
gant reductionism was fatally undermined when
Isaac Newton in 1687 successfully accounted for
universal gravitation by adding without metaphys-
ical justification the notion of force. However,
Cartesian mechanistic parameters continued fruit-
fully to guide biology and experimental physiol-
ogy, shaping the speculative outlook of such di-
verse scientists as Julien de la Mettrie (1709-1751)
and Claude Bernard (1813-1878). Today, Carte-
sianism survives in the methodological premise,
also adopted by Newtonians, that a large part of
sensible phenomena derives from causes acting in-
variably, without intention or free volition.

See also DESCARTES, RENE; DUALISM; MATERIALISM;
NATURALISM; PHYSICALISM, REDUCTIVE AND
NONREDUCTIVE; REDUCTIONISM
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CATASTROPHISM

Catastrophism is a doctrine originally proposed by
French zoologist Georges Cuvier (1769-1832) in
1810 to explain large geological and biological
changes in the earth’s history. The discovery of ex-
tinct animal and plant species under a coarse su-
perficial deposit (diluvium) lead English geologist
William Buckland (1784-1856) and others to sug-
gest that this was caused by the biblical flood,
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which was then followed by the divine recreation
of the animal and plant species living today
(creationism). Scottish geologist Charles Lyell
(1797-1875) rejected catastrophism and suggested
that the same geological forces apparent today had
always been at work on the earth, gradually chang-
ing the earth’s surface and its biological species
(gradualism). Today diluvium is attributed to gla-
cial drift.

See also CREATIONISM; GRADUALISM
ARN O. GYLDENHOLM

CATHOLICISM

See CHRISTIANITY, ROMAN CATHOLIC, ISSUES IN SCIENCE
AND RELIGION

CAUSALITY, PRIMARY AND
SECONDARY

In the history of Christian thought, the philosopher
Thomas Aquinas (c. 1225-1274) refers to God as
the “Primary Cause” of the being of everything;
Aquinas refers to creatures as “secondary causes”
whose activity reaches particular aspects and de-
pends on divine action. These concepts are related
to core Christian ideas of God and creatures. God’s
being does not depend on anything outside God,
is self-sufficient, and is the fountain of the being of
all that exists. Creatures have their own consis-
tency but require the divine founding action that
makes possible their existence and activity.

The Primary Cause is unique. It is not the first
of a series of causes belonging to the same level.
God’s action is different from created action. God
does not substitute creatures (except in miracles).
God not only respects the activity of the creatures,
God is its main guarantee, as created agency cor-
responds to God’s plans.

These ideas have often been appropriated by
religion to speak of God’s complementary action in
the world of creatures. God creates in order to
communicate being and perfection, and creatures
fulfill God’s plans when they deploy their capaci-
ties and reach their perfection.



Empirical science studies the nature and activ-
ity of secondary causes. Metaphysics and theology
study divine action and the spiritual dimensions of
the human being. These two perspectives should
be different and complementary, but are not nec-
essary opposed.

Difficulties in harmonizing evolution and
God’s action often resulted from disregarding the
distinction between first order and second order
causality. Cosmic and biological evolution can be
considered as the deployment of the potentialities
that God has placed within created beings. Natural
finality and God’s plans also correspond to two re-
lated but different levels.

The modern scientific worldview shows that
natural beings possess an inner dynamism that
produces new results that have ever increasing de-
grees of complexity. In natural processes the con-
cept of information plays a central role. Natural in-
formation exists coded in dynamic structures, and
its deployment produces new structures. Natural
activity shows a high degree of creativity which, in
conjunction with the subtlety of natural processes
and their results, could be seen as coherent with
the existence of a divine plan. The new paradigm
of self-organization was metaphorically anticipated
by Aquinas who wrote in his Commentary on Aris-
totle’s Physics: “Nature is nothing but the plan of
some art, namely a divine one, put into things
themselves, by which those things move towards a
concrete end: as if the man who builds up a ship
could give to the pieces of wood that they could
move by themselves to produce the form of the
ship” (p. 124).

This worldview does not lead to metaphysical
or theological consequences by itself. Reflection
upon it, however, paves the way for an under-
standing of natural agency as supported by a found-
ing divine action that does not oppose nature but
rather provides it with its ultimate grounding. The
world can be represented as an unfinished sym-
phony where human beings have a role to play.

See also CAUSATION; DIVINE ACTION; THOMAS AQUINAS
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CAUSATION

The notion of cause is one of the most common
yet thorniest concepts in the history of philosophy.
This should come as no surprise. Questions of cau-
sation tie up with such divisive issues as determin-
ism and moral responsibility, as well as with the
principle of the causal closure of the physical uni-
verse and the possibility of divine action. Further-
more, causation is intimately intertwined with the
notion of change. Together these two notions
stood at the cradle of such momentous intellectual
traditions as Western philosophy in Asia Minor, the
Vedic hymns and the Upanishads in Central and
South Asia, and early Buddhism along the borders
of the ancient Ganges. They constituted the first
and fundamental challenge to systematic thought,
inspiring a variety of solutions still resonating in in-
tellectual debates.

People use causal idiom in everyday life with
great ease, yet upon closer scrutiny this family of
notions seems to defy analysis and justification.
The famous comment of Augustine of Hippo
(354-430) regarding the question of time applies
with equal force to the analogous question con-
cerning causation: When nobody asks us, we
know what it means; when queried, we don't.

Quite generally, a cause produces something
called the effect; and the effect can be explained in
terms of the cause. Usually the effect is taken to be
a change in something already existing. Yet in tra-
ditional theology it has also been assumed that
causes may give rise to new substances out of
nothing. Thus in the Judeo-Christian tradition God
is seen as the creator of the universe, which God
created out of nothing. Similarly, theories of self-
causation and creation by God were two of the
major causal theories in the Vedic tradition. By
contrast, early Buddhism rejected these two views,
arguing that the idea of self-causation would imply
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the prior existence of the effect, while the idea of
external causation would imply the production of
a nonexistent effect out of nothing. Similarly,
Thomas Aquinas (c. 1225-1274) rejected the theo-
logical notion of self-causation as philosophically
untenable. God cannot possibly be regarded as
causa sui, he argued, since either God existed to
cause God, in which case God did not need to
cause God, or else God did not yet exist, in which
case God could not be anything to be able to
cause God.

Aristotle’s theory of causation

Aristotle (384-322 B.C.E.), too, regarded causes as
producing changes in preexisting substances only.
To be sure, when a moth emerges from a caterpil-
lar the change is so striking that a new word is nat-
urally used for the causal product. And yet the
moth emerged from the pre-existing caterpillar. By
contrast, when a leaf turns red, it is still called a
leaf, because the change is less striking. Aristotle
called the former type of change generation, as
opposed to the merely qualitative change—or, in
his terminology, motion (kinesis)—taking place in
the latter kind of case. Yet the distinction is plainly
a relative one, opposing rather than licensing the
idea of new substances being producible out of
nothing by a cause. Indeed, the conception of cre-
ation ex nibilo is foreign to the whole tradition of
ancient Greek thought.

Commenting on Plato (428-347 B.C.E.) as well
as on his pre-Socratic predecessors, Aristotle fa-
mously distinguished four types of causes or ex-
planatory principles (the Greek word aitia is am-
biguous between these two rather different
meanings). A statue of Zeus, for example, is
wrought by a sculptor (its efficient cause or causa
efficiens, also known as the causa quod) out of
marble (the material cause or causa materialis),
which thereby takes on the shape the artist has in
mind (the formal cause or causa formalis) in order
that it may serve as an object of worship (the final
cause or causa finalis, also known as the causa
ut). Plato’s forms, or formal causes (causa exem-
plaris), had been transcendent ideas in the mind of
the Demiurge. By contrast, in Aristotle’s theory of
natural change the four causes together have an
immanent teleological character. The form being
developed is an integral part of the thing itself.
Thus, the formal cause for an acorn developing

922

into an oak tree is the seed’s intrinsic character dis-
posing it to become an oak tree rather than, say, a
maple tree.

Naturally Aristotle’s largely teleological theory
of causation authorized the abundant use of final
causes in explanations of natural phenomena.
Thus his theory of motion espoused the principle
that objects strive toward their locus naturalis,
while medieval hydraulics—just to give another
example—promulgated the principle that nature
abhors a vacuum (Natura abborret vacuum).

Mechanicism and the demise of the
teleological theory of causation

While medieval scholastic thought was still domi-
nated by Aristotle’s theory of causation, seven-
teenth-century science opposed its teleological un-
derpinnings. Natural order and change, it claimed,
could be produced by “blind” efficient causation
alone, without the need of final or formal causes
intervening in the process. Having created the mat-
ter of the universe together with the laws of me-
chanics, God could have left the world to its own
in any disordered fashion, claims René Descartes
(1596-1650) in Le Monde, and yet in due course
the universe would have taken on its current natu-
ral order of celestial motions and “terrestrial”
physics mechanically, driven blindly by efficient
causes alone and without “striving” to achieve any
final perfections or divine purposes.

This conception of the causal “machinery” of
the universe being limited to efficient causation
presented a stimulating and exceedingly fruitful re-
search program to modern science. In due course
its validity was proclaimed to extend not just to
mechanics proper, but also to physiology and
chemistry, to biology (in the Darwinian program),
to ethology, and even to the realm of human ac-
tion in twentieth-century sociobiology and of
human thought in late-twentieth-century cognitive
science. And vet, from the very start, the program
spawned riddles and grave philosophical difficul-
ties. Chief among these was the difficulty involved
in the widely held view that linked (efficient) cau-
sation to necessity. David Hume (1711-1776) no-
toriously pointed out that causal pairs are related
neither by logical nor by empirical necessity. It is
both logically and empirically possible for an effect
to fail to follow a given cause. In fact Hume’s in-
fluential argument had a theological background.



French theological tradition, including notably
Descartes and Nicolas Malebranche (1638-1715),
had always been keen to stress the point that
God’s freedom is unfettered by any restrictions
whatsoever. Hence given any cause, God is always
free not to permit the effect to follow. Thus, causes
alone, unaccompanied by the will of God, are
never sufficient conditions for their effects. Nor,
given God’s omnipotence, can they be allowed to
be necessary conditions for their effects. For God is
free to bring about the effect by any other mediat-
ing cause or even by simply willing it.

Having failed to find an empirical basis for the
idea of necessary connection in the case of singu-
lar causation, Hume turned his attention (without
making a clear distinction) to the case of causation
as it exists between classes of (similar) events. An-
alyzing this latter notion Hume advanced a regu-
larity theory of causation. Eschewing powers and
necessary connections, Hume thought causation
could be adequately dealt with in terms of the
“constant conjunction” of similar causes with simi-
lar effects. In addition, conditions of temporal pri-
ority and spatiotemporal contiguity were also re-
quired. This analysis, in Hume’s view, had the
distinct merit of being entirely empirical. Yet sub-
sequent generations of (logical) empiricists have
found, to their exasperation, that the empiricist
ideals are not that easily fulfilled.

One difficulty is that of distinguishing between
accidental and genuinely causal regularities. As the
Scottish philosopher Thomas Reid (1710-1796) fa-
mously remarked in his Essays on the Active Pow-
ers of the Human Mind (1788), day is invariably
followed by night and night by day and yet neither
is the cause of the other. One tempting way to find
a distinctive mark is to say that statements of causal
regularities, unlike those that express merely acci-
dental generalizations, are supported by corre-
sponding counterfactuals. Thus, it is presumably
true that a given piece of metal would have ex-
panded had it been heated. By contrast, even if all
the marbles in a given bag happen to be red, that
fact alone doesn’t add credence to the counterfac-
tual that had the green marble in my hand been a
marble in that bag, it would have been red. Yet, re-
liance on counterfactuals would involve a high
price for empiricists to pay. For the truth condi-
tions of counterfactuals are notoriously beyond the
reach of empirical verification.
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Another difficulty was raised by Bertrand Rus-
sell (1872-1970), who noted that in order for
events to be causally connected they must be sim-
ilar not just in arbitrary respects, but in relevant re-
spects. For example, two matches may differ only
in color or, alternatively, only in one being wet
while the other is dry. Yet for the question of
whether striking them will cause them to ignite
only the latter dissimilarity counts while the former
is entirely irrelevant. But how is one going to spec-
ify this notion of relevance? One is tempted to rely
on an undefined notion of causal relevance. But
that would critically trivialize Hume’s analysis be-
cause it would utilize the notion of causation in the
very attempt to analyze it.

Oriental theories of causation

For Hume, then, the idea of causation, insofar as it
is mistakenly bound up with such unfounded no-
tions as power or necessary connection, does not
represent anything objective. The implied idea of
necessity does not arise from anything in the ex-
ternal world. Rather it results from a mental re-
sponse to the constant conjunction of causes and
their effects. By comparison, in Indian philosophy
the objectivity of causation has been subject to
considerable shifts of opinion. The first to deny the
principle of causation was the idealist school of
the Upanishads. Insisting that reality and soul
(atman) were permanent and eternal, they denied
change and therefore causation. Like Hume, but
for different “Parmenidean” reasons, these thinkers
considered change and causation mental con-
structs, or purely subjective phenomena. Con-
versely, the consequent denial of atman or self
among early Buddhist materialists led to fruitful
speculation regarding causality and change. How-
ever, in their extreme aversion to the idealist meta-
physics of the Upanishads, these materialists went
on to deny all mental phenomena. This annihila-
tionism is opposed to the earlier belief of Upan-
ishad philosophers in eternalism. However, ac-
cording to the “middle path” preached by the
Buddha, both positions are errors stemming from
two opposite extremes with regard to causation,
which early Buddhism set out to steer clear of: on
the one hand the belief in self-causation, resulting
in a belief in eternalism; on the other the belief in
external causation, fostering a belief in annihila-
tionism. While early Buddhism, like Hume, re-
jected the belief in a mental substance or “self,” it
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did not share his conclusion that “were all my per-
ceptions remov’d by death [ ... ] I shou’d be en-
tirely annihilated ... ” (Hume, p. 252). The reason
for this is precisely that unlike Hume early Bud-
dhism insisted on the objective validity of causal
processes, which it referred to as constituting the
“middle” between the two extremes of eternalism
and annihilationism. Consequently it regarded
such causal processes sufficient for sustaining the
continuity of a thing without positing a “self” or a
“substance.”

The importance of causality as an objective
category in early Buddhism is brought out clearly
by the fact that of the four noble truths discovered
by the Buddha, the second and the third refer to
the theory of causation. In the early Pali Nikayas
and Chinese Agamas causation is not a category of
relations among ideas but represents an objective
ontological feature of the external world. Yet there
has been much debate concerning the notion of
avitathata, the second characteristic of the causal
nexus in Buddhist philosophy. The Buddhist
philosopher Buddhaghosa (late fourth and early
fifth centuries C.E.) rendered this concept as “ne-
cessity,” while others have championed a rather
deflationary Humean interpretation of mere regu-
larity and constant conjunction. From a more bal-
anced perspective, what seems to be at stake in
such discussions is to free causation from strict de-
terminism. Thus a fourth characteristic of causa-
tion, idappaccayata or conditionality, is supposed
to place causality midway between fatalism (niya-
tivada), or unconditional necessity, and acciden-
talism (yadrc-chavada), or unconditional arbitrari-
ness. Clearly, the underlying concern here is the
problem of moral responsibility, which Buddhist
thinkers are anxious to uphold.

Volitional causation

Taking their clue from Hume that causality is not a
physical connection inasmuch as one never ob-
serves any hidden power in any given cause,
philosophers of an empiricist bent have insisted
ever since on analyses of causality in terms of nec-
essary and sufficient conditions for the applicabil-
ity of the term. Thus, they focused on the logical
and linguistic aspects of the notion of causality to
the neglect of trying to find a physical connection
between cause and effect. An example is John L.
Mackie’s (1917-) sophisticated regularity account
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in The Cement of the Universe (1974).Yet the con-
trary opinion has not been without its adherents.
Even before Hume, John Locke (1632-1704), while
discussing causality, appealed to the model of
human volition. When one raises one’s arm, he ar-
gued, one is directly aware of the power of one’s
volition to bring about the action.

This purposive perspective on causation has in-
dependent merits. For one thing it can make per-
fectly good sense of singular causation. For an-
other, it avoids the vexing problem of so-called
causal asymmetry. The fact that one ordinarily re-
fuses to allow effects to precede their causes—
Hume’s condition of the temporal priority of
causes—may on this view simply be seen as a nat-
ural consequence of the familiar experience that
whatever actions one initiates cannot bring about
the past. In fact, this volitional model of causation
has been more influential than is generally ac-
knowledged even among protagonists of the sci-
entific revolution. Thus Isaac Newton (1642—1727)
toyed with, and George Berkeley (1685-1753)
championed, a theological construal of gravitation.
Instead of invoking gravitational action-at-a-dis-
tance, a notion that Newton himself had deemed
embarrassing enough to keep his theory locked up
in a drawer for almost twenty years, it was, ac-
cording to this view, God’s own intervention that
caused the sun ever so slightly to drift toward such
large but immensely distant planets such as Jupiter,
in accordance with mathematical patterns and laws
that Newton had the genius to unravel. Needless to
say, such animistic astronomy fails to carry convic-
tion at the present time. But it is good to realize, if
only for expository purposes, that Berkeley’s ani-
mistic world is not a world without causation.
Rather it is a world where all causation is voli-
tional. When this world is stripped of volitional
causation, what remains is a “Hume world,” a
world truly without causation. If philosophers have
found such a world equally unconvincing, they
could then ask the critical question: What crucial
ingredient is the Hume world lacking that our
world supposedly possesses?

Recent debates: realist vs. pragmatist views
on causation

Apparently there are at least two ways to go from
there: One can follow either the realist or the
Kantian-pragmatist way out. The opposition in



question is neatly exemplified by two contempo-
rary schools of thought on causation, one repre-
sented by Wesley Salmon (1925-2001), the other
highlighted by the philosophy of Philip Kitcher
(1947-). Salmon has argued that there does exist,
after all, an empirically verifiable physical connec-
tion between cause and effect. It is to be found in
the notion of a causal process, rather than in that
of a causal interaction, which Hume mistakenly
took as his paradigm. Furthermore, thanks to the
theory of relativity that sets an upper limit to the
transmission of causal signals, we can now empir-
ically distinguish between genuinely causal
processes (e.g., light rays traveling at straight lines
from a rotating beacon to the surrounding wall of,
say, the Colosseum) and mere pseudoprocesses
(e.g., a spot of light “traveling” along the inner
wall of the Colosseum as a result of a central bea-
con rotating at very high speed). While pseudo-
processes may travel at arbitrarily high velocities,
they cannot transmit information as only causal
processes can. Similarly, the actions of a cowboy
on a cinema screen are pseudoprocesses. When,
in excessive excitement, you shoot him, it has no
lasting effect on the cowboy, but only on the
screen. Thus, in Salmon’s view, the capacity to
transmit information (or rather, conserved energy)
constitutes empirical proof that the relevant proc-
ess is genuinely causal in nature rather than a
mere pseudoprocess.

According to this realist view, therefore, cau-
sation is a robust physical ingredient within our
world itself, entailing necessary and sufficient
conditions (or causal laws, probabilistic or other-
wise), rather than being entailed by these. Causa-
tion is essentially a “local” affair, depending on
the intrinsic features of two causally related
events. By contrast, causal laws and necessary and
sufficient conditions are “global” features, de-
pending on the world as a whole. Consequently,
on this realist view, causality may be entirely com-
patible with indeterminism, while theories
couched in terms of necessary and sufficient con-
ditions run into grave difficulties when confronted
with the pervasiveness of indeterminacy in the
subatomic realm.

Yet Salmon’s theory has not been without its
detractors. Thus, having confronted the theory
with ingenious counter examples, Kitcher has ar-
gued that Salmon’s theory, just like the empiricist
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theories before him, ultimately comes to rest on
the truth of empirically unverifiable counterfactu-
als. By contrast, Kitcher's own theory places
causality squarely within a Kantian-Peircian per-
spective. Immanuel Kant (1724-1804), while con-
ceding to Hume that causality may be unobserv-
able in the physical world, contradicted Hume’s
conclusion that therefore causality is not a real fea-
ture of the world as we know it. Indeed, causality
may not be a feature positively discoverable in
what Kant called the noumenal world, that is, the
world as it exists in itself, without regard to the
structural limitations of human knowledge. But
then again, nothing is so discoverable or attributa-
ble. And yet causality is a property objectively as-
cribable to the phenomenal world, that is, the
world as structured by the conceptual and percep-
tual features inherent in human cognitive capaci-
ties. As a result of the necessarily synthetic activi-
ties of human reason, one cannot conceive of the
empirical world except in terms of causes and ef-
fects. The causal relation is therefore as firmly and
objectively established as are space and time,
which constitute the a priori forms of perception of
the empirical world. These are all verifiable attrib-
utes of the physical world, which is part of the
phenomenal world, the only kind of world hu-
mans are capable of knowing in principle.

Thus, the fundamental notion of causation re-
ceives a distinctly epistemological underpinning in
Kantian philosophy. This is what ties Kitcher’s phi-
losophy of causation in part to the Kantian tradi-
tion. Thus, Kitcher has stated that the because of
causation derives from the because of explanation.
Rather than being an independent metaphysical
notion, what may and may not be recognized as
truly causal relations depends in the final analysis
on epistemological constraints. In Kitcher’s view
the ultimate aim of science is to generate theories
of the universe as unified and simple (or all-en-
compassing) as possible. Which theories are finally
recognized—in the ideal end of inquiry, to borrow
the famous words of the pragmatist Charles
Sanders Peirce (1839-1914)—as optimally unified
and robust thus determine what causes are recog-
nized as genuinely operative and effective in the
only world humans can possibly come to under-
stand. Thus, in Kitcher’'s view, the metaphysical
significance of causation ultimately derives from its
key role in the best possible theory of the universe
we will be able to generate. In a sense, therefore,
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causation, rather than being a metaphysically real-
ist notion, is better seen as an unadulterated epis-
temological notion, dependent not on what we
stumble upon in observation of singular cases of
causation, as realists like Salmon would have it,
but rather on the excellency of the theories that
best account for the physical features of the world
as a whole.

See also DOWNWARD CAUSATION; UPWARD CAUSATION
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CHANCE

In both science and religion there is a lively debate
about the role of chance in the universe. In sci-
ence, this debate usual takes the form of a discus-
sion deciding between determinism (all events fol-
low of necessity from prior initial conditions) and
physical indeterminism (some events, at least, are
not so determined). In religion, the dispute is be-
tween those who accept total predestination (the
view that God unilaterally ordains everything that
happens) and theological indeterminism (God
leaves some things to chance or to determination
by finite agents). Most religious views deny any
role for pure chance, but many allow some role for
chance even in a providentially-governed universe.
Debate is often clouded by a failure to define what
“chance” is.

Different senses of chance

In its most radical sense, chance is the occurrence
of an event without any cause or reason. Thus the
universe may be said to come into existence for no
reason and without any antecedent cause—by
chance. In this sense, absolutely anything might
happen at any time, and there is no point in seek-
ing reasons for what happens. If everything hap-
pened by chance, in this sense, science would be
impossible.

926

Another, more common, sense of chance is in-
volved in gambling or lotteries. When a gambler
throws a die, the side that lands uppermost is a
matter of chance. It is not that there are no causes
for the position of the die, but that the causes are
far too difficult, complex, or tedious to be de-
tected. The roll of the die could be determined in
every particular by applying the laws of mechan-
ics, but it would still be considered a matter of
chance because the system is set up so that no
human can predict the outcome. In this case,
chance primarily refers to unpredictability; whether
something is chance or not depends on the knowl-
edge available to the observer.

Another sense is that in which something hap-
pens “by chance” because it is not intended by any
agent. A person may meet a long-lost friend by
chance if neither the person nor the friend nor
God had intended the meeting to happen, or tried
to bring it about. Genetic mutations are said to be
random, to occur by chance, in this sense. They
have causes, but they are not intended to happen
as they do.

This sense can be extended to events that are
not parts of any directional process or propensity.
Thus, many geneticists would say that genetic mu-
tations do not tend in any particular direction (they
do not, for example, always occur so as to maxi-
mize the chances of survival for some organism).
This view is contentious, for some argue that there
are propensities in organic mutation; the process
does tend to realize consciousness eventually, and
this tendency is inbuilt in the system from the be-
ginning. If this were true, particular mutations
could happen by chance (they would not each be
determined to increase the chances of conscious-
ness coming into being), but the process as a
whole (the whole set of mutations in their envi-
ronmental context) might have a propensity to ter-
minate in consciousness.

This introduces yet another sense of chance,
for which particular events have a specific proba-
bility of occurring, but are not sufficiently deter-
mined. An event is sufficiently determined when,
given its initial conditions and the laws of nature,
it could not happen in any other way. An event is
not sufficiently determined when, from the very
same initial conditions and laws, there are a num-
ber of possible effects that could result. In other
words, the same cause in the same situation can



have different effects. Some physicists have denied
this possibility, but the Copenhagen Interpretation
of quantum mechanics asserts precisely that partic-
ular subatomic events have a highly specific prob-
ability of occurring in a specific way, but they may
not do so. When large numbers of quantum events
occur, however, this probability will turn into a
predictable certainty—thus the equations of quan-
tum mechanics are deterministic, though they refer
to events that are to some extent indeterminate.
Such processes are called “stochastic”; there is a
high probability that specific types of events will
occur, but particular events may be unpredictable
and not sufficiently determined.

Implications for freedom

There are thus two main components of the idea
of chance—Ilack of predictability and lack of suffi-
cient causality. For some philosophers, human
freedom requires chance, since humans could not
be held responsible for their actions if they were
sufficiently caused (if they were determined by
some cause, whether natural or divine) to act as
they do. According to this view, chance is a neces-
sary condition of responsible freedom. A free act is
distinguished from a purely arbitrary (non-caused)
act by being intentional, initiated for a purpose.

A believer in God may say that the creation of
the universe is the primary instance of a free act.
Creation is not caused by any prior initial state or
by some general laws, but it is brought about for a
reason. God has some value or values in mind,
and realizes them by creating the universe. A free
act is thus a form of causality for the sake of real-
izing some envisaged value. This causality distin-
guishes such an act sharply from pure chance,
even though the act may appear unpredictable and
undetermined from the point of view of physical
laws and prior physical or mental states.

Some theologians have proposed that quan-
tum mechanics shows the fundamental laws of the
universe to be stochastic, or statistical, rather than
deterministic. This, they claim, would permit both
human free acts to occur, and would also allow
God to act freely within the statistical probabilities
of the physical system without “breaking” any laws
of nature. For others, it is much too restrictive to
confine God’s free actions to scrabbling around in
the sub-atomic basement. In any case, quantum in-
determinacies cancel out because of the large
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numbers of probabilistic events involved in supra-
atomic events, which means that the overall statis-
tical distribution is virtually uncertain.

The existence of dynamic systems far from
equilibrium allows quantum fluctuations to be am-
plified to produce macrocosmic effects. Thus in
the right circumstances (in the brain, for example)
quantum indeterminacies could produce huge ob-
servable indeterminacies in nature. Or it could be
held that, quantum considerations apart, laws of
nature are in themselves probabilistic, operating
on an “other things being equal” basis, and they do
not exclude free, or teleological causality, at all.

Religious views cannot easily live with any sup-
position of pure chance, in the radical sense. Most
classical theistic views are deterministic (all is de-
termined by God), seeing freedom as compatible
with determinism. But in the twentieth century
there has been an increase in the number of people
holding nondeterministic views, for which chance
(as probabilistic indeterminism) allows free creative
activity both of creatures and of God, and a mutual
responsiveness of creaturely and divine acts that
may be held to be close to a biblical perspective.

See also COMPLEXITY; CONTINGENCY; CONVERGENCE
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CHAOS, QUANTUM

Quantum Chaos connects quantum and chaos
physics, giving rise to two fundamentally different
versions of indeterminism. Quantum mechanics
holds that classical particle trajectories become in-
determinate when studied under conditions that
bring forth the wave nature of matter. Within clas-
sical physics, trajectories follow deterministic laws
but are nevertheless unpredictable if the motion is
chaotic. Quantum indeterminism and classical
chaos conspire to create effects that become ob-
servable at the transition between microscopic
(atomic) and macroscopic scales. For example, a
characteristic phenomenon of quantum chaos is
that quantum wave effects help suppress the insta-
bility of chaotic motion.

See also CHAOS THEORY; PHYSICS, QUANTUM;
UNPREDICTABILITY
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CHAOS, RELIGIOUS AND
PHILOSOPHICAL ASPECTS

The word chaos appears in a variety of scholarly
disciplines. This entry will address its use in the
Greek philosophical tradition and a number of re-
ligious traditions. Chaos will also be explored in its
use in scientific cosmology.

Religious and philosophical traditions

It is characteristic of ancient Greek thought to see
the world (cosmos) as coming into existence
through the imposition of order on preexisting
chaos. The first known usage of the term chaos is
in the Theogony of Hesiod (late eight century
B.C.E.); Hesiod probably took up the idea from ear-
lier mythological accounts of the beginning of the
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universe. For Hesiod, chaos refers to the preexist-
ing undifferentiated state of things. It manifests it-
self in the gap between heaven and Earth that oc-
curs as the world emerges. This chaotic gap is
transformed by the appearance of Eros, a fertilizing
force that brings heaven and Earth back into a cre-
ative embrace. The word cosmos was used by
philosophers from Pythagoras (569-475 B.C.E.) to
Archimedes (287-212 B.C.E.) to describe the order
that is manifest in the natural world. Both Plato (in
Timaeus) and Aristotle (in Physics) interpreted
chaos in terms of the pre-philosophical concept of
space. Zeno of Citium (333-264 B.C.E.) associated
chaos with water. The Stoics understood chaos as
referring to the watery state that occurs periodi-
cally when the universe is destroyed by fire.

There are a number of different symbols for
chaos among the peoples of the Earth. Two are
widespread: the waters of the deep and the cosmic
egg or embryo-like form that is the matrix for all
things. But chaos is also envisioned as a dragon, as
a hybrid human-animal, as a dangerous female
mother associated with the waters or the Earth,
and as a cosmic giant figure. It appears in popular
culture in the figures of the demon, the witch, the
trickster, and sometimes the shaman.

Religious traditions from different parts of the
world express the defeat of chaos in their myths
and rituals of combat. This pattern found expres-
sion in the ancient Near East. The Babylonian epic
poem Enuma Elish, which dates in part back to the
second millenium B.C.E., is good example. It tells
of a great battle in which a sky god, Marduk, wins
a victory over Tiamat, a female chaos figure asso-
ciated with the primeval waters. Marduk slays Tia-
mat and divides her body to form the world, using
her skin to keep out and confine the waters in the
heavens and in the underground. The story estab-
lishes the legitimacy of the temple and rule of
Babylon. Tiamat has been interpreted as referring
to an older impotent order of society and divine
beings that is replaced by the new.

In the Canaanite myths of Ugarit, Baal engages
in warfare with the adversary Mot, with another
adversary called the Sea, and with Leviathan or
Shalyat of the seven heads. This kind of combat
also appears in the Hebrew Bible, in Isaiah 27:1,
where Leviathan is mentioned; in Psalm 74:13-15;
89:10-11; in Isaiah 51:9; and in Job 9:13; 26:12;
38:8-11. In these texts the monster is often con-
strained rather than destroyed. God is understood



as continually creating and defending the universe
against disintegration and chaos.

The Bible begins with an account of creation
that seems to go back to priestly sources of the
sixth century B.C.E. According to the Bible the “the
earth was a formless void and darkness covered
the face of the deep, while a wind from God
swept over the face of the waters” (Gen. 1:2).
“Formless void” translates the Hebrew words fohu
wabobu. The word tobu appears in the Bible
twenty times, with the meaning of formless, shape-
less, and uninhabitable. The word wabohu ap-
pears three times, with a similar meaning. Two
chaotic elements characterize the formless void,
the primordial waters and darkness. God van-
quishes darkness on the first day of creation with
the creation of light. Darkness is not completely
destroyed, but is limited to the night, as part of
good creation (Gen. 1:5). The chaotic waters that
cover the whole Earth (Pss. 104:6) are brought
under divine control on the second and third days.
God positions a gigantic concave plate or dome to
separate the waters above from the Earth below
(Gen. 1:7) and then sets boundaries to the seas so
that dry land can appear (Gen. 1:9). The explicit
idea of creation ex nihilo does not appear in Jew-
ish thought until the second century B.C.E. (2
Macc. 7:28).

In the stories and rituals of the indigenous
peoples of Australia, Africa, and North and South
America, there are times when participants experi-
ence a liminal state that can be understood as a re-
turn to the creative boundaries between chaos and
order. Alongside the religious traditions that em-
phasize the defeat of chaos, there are those that
challenge dualistic polarities and encourage an ac-
ceptance of chaos or elements associated with it,
such as negativity, unknowing, and darkness. In
ancient China, early Daoist texts (as opposed to
the later Daoism) support mystical union with
bun-tun (chaos) and identify hun-tun with the ul-
timate principle of Dao. Alongside the mainstream
Vedic traditions of India there are forms of mysti-
cism, both Upanishadic and Buddhist, that encour-
age union with “emptiness.” Christian theology in-
cludes the tradition of apophatic theology, which
finds expression in the works of Gregory of Nyssa
(c. 335—¢.395 C.E.) and Pseudo-Dionysius (c. fifth
century C.E.), in the English medieval text The
Cloud of Unknowing, in the John of the Cross’s
(1542-1591) symbol of the Dark Night, and in the
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twentieth century in Karl Rahner’s (1904-1984)
theology of God as Incomprehensible Mystery.

In Jewish thought, a theology that can embrace
negativity finds expression in various streams of
thought, including those concerning God’s Shek-
inabh and sixteenth-century mystic Isaac Luria’s
concept of the divine withdrawal that makes space
for creation (the zimsum). In philosophy since the
Holocaust, there has been an attempt to embrace
the chaotic strangeness and alterity of reality, par-
ticularly in the postmodern rejection of all “totaliz-
ing” attempts at comprehension and order and in
philosopher Emmanuel Levinas’s (1906-1995) in-
sistence on the radical and irreducible otherness of
one’s neighbor.

Scientific cosmology

In the scientific cosmology that emerged during
the twentieth century, ancient ideas of the emer-
gence of cosmos from chaos were replaced by the
idea of a universe that has expanded and evolved
over the course of twelve billion to fifteen billion
years from a tiny, dense, and hot state. The Big
Bang theory of cosmology had its origins in mod-
els of the universe based on Albert Einstein’s the-
ory of General Relativity. According to these theo-
ries, space-time itself emerges and stretches in the
process of cosmic expansion. Over the last century
a number of lines of evidence have supported Big
Bang cosmology, particularly the discoveries of the
red shifting of galaxies, the abundance of helium
and deuterium in the universe, and background
microwave radiation. According to standard Big
Bang cosmology the universe is expanding and
also decreasing in temperature and density, and
this points back to a beginning of the universe of
unthinkable smallness, density, and heat—to an
original singularity. A singularity is a point at which
the density and the curvature of space-time are in-
finite, a point at which the laws of physics no
longer hold.

In 1948, physicists Fred Hoyle, Thomas Gold,
and Hermann Bondi put forward an alternative to
Big Bang cosmology with their steady-state idea of
the universe. In this theory new matter and new
galaxies are continuously brought into being, in a
stable universe that has an infinite past. Although
the steady-state theory was undermined by the dis-
covery of background microwave radiation, some
of its philosophical aims were incorporated into a
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Big Bang framework in what physicist Charles
Misner called chaotic cosmology. Chaotic cosmol-
ogy seeks to avoid attributing the order of the uni-
verse to initial conditions. It is committed to ex-
plaining the present nature of the universe without
requiring knowledge of its initial state. It seeks to
show that no matter how chaotic the state of the
universe at the beginning of its expansion, there
are processes that can smooth out irregularities
and produce the isotropic and uniform universe
that people can observe. But no known process
could account for this smoothing out process until
the rise of inflationary theories in the 1980s.

In the meantime cosmologists had begun to
speculate about the beginning of the universe in
terms of quantum theory. Quantum field theories
differ from their classical predecessors in the way
they understand a vacuum. Within quantum the-
ory, a vacuum is not understood simply as nothing
at all, but as a sea of continuously appearing and
disappearing pairs of oppositely charged particles.
These processes are unobservable at the individual
level and are called virtual, but are measurable at
the collective level. The quantum vacuum is an in-
finite sea of virtual processes. Quantum theory al-
lows for the spontaneous appearance of energy in
the quantum vacuum for a very short time, as long
as it is unobservable. Quantum cosmology in-
volves a theory of the emergence of the universe
from a fluctuation of the quantum vacuum. It thus,
once again, suggests that an ordered universe ap-
pears from a chaotic initial state.

Chaos was to reenter the language of cosmol-
ogy in the form of the theory of chaotic inflation.
In order to solve some of the problems associated
with the Big Bang, physicist Alan Guth in 1980 pro-
posed that within a fraction of the first second the
universe went through a period of extremely rapid
expansion or inflation. Soon after, in 1983, physicist
Andrei Linde put forward his theory of chaotic in-
flation, which dispenses with the idea of most ini-
tial conditions including the initial heat. The uni-
verse begins from chaos in the form of the seething
ocean of different forms of scalar fields. The ob-
servable universe began from one such field, as
one part of a process that may involve an unlimited
ensemble of universes. In many recent models of
the expanding universe, particularly those based on
a period of rapid inflation, the observable universe
would be a small domain within a much bigger
universe, perhaps an infinite and eternal one.
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In all of these theories, inflation provides the or-
dering principle, and chaos reappears in the initial
conditions of the universe. As astronomer John Bar-
row has said: “Inflation does not explain the unifor-
mity of the Visible Universe by eradicating primor-
dial chaos, but by sweeping its effects out of sight
beyond the boundary of the visible part of the Uni-
verse” (p. 239). It is worth keeping in mind that at
this stage there is much more evidence for Big Bang
cosmology in general than there is for the various
forms of chaotic cosmology. In a recent evaluation
of the major theories of cosmology, physicist P.
James E. Peebles concludes that while there is com-
pelling evidence that the universe has evolved from
a hotter and denser state, the theory of inflation is
“elegant, but lacks direct evidence and requires
huge extrapolation of the laws of physics” (p. 45).

Conclusion

For many communities, chaos represents the
strangeness and otherness of reality. As such it may
be unwise to understand chaos and cosmos as sim-
ply opposed to one another. It is not simply that an
ordered cosmos emerges from and replaces chaos.
In many cultural systems chaos may be defeated
but nevertheless reappears. It can be seen as an
ever-returning dimension of human existence in
the world. Even in the midst of ordered lives,
human beings continually experience the chaotic,
in the wildness of the wind in a storm, in the un-
tamable violence of the sea, and in the dark and
lonely hours of the night. It can be a threat and a
challenge. But it can also have the character of the
mysterious and uncontrollable ground or source
from which all things spring. It can represent the
possibility of creativity and of the new.

See also BIG BANG THEORY; CHAOS THEORY; CREATIO EX
NIHILO; DISORDER; INFLATIONARY UNIVERSE THEORY
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CHAOS THEORY

Chaos Theory (CT) is a mathematical theory about
nonlinear dynamical systems that exhibit exquisite
sensitivity to initial conditions, eventual unpre-
dictability, and other intriguing features despite the
inevitably deterministic character of mathematical
equations. CT has been used to model processes in
diverse fields, including physics (quantum chaos,
nonequilibrium thermodynamics), chemistry, ecol-
ogy, economics, physiology, meteorology, zool-
ogy, and the neurosciences.

Basic research in mathematics and physics dur-
ing the twentieth century produced CT. Felix Haus-
dorff (1869-1942) made essential contributions in
mathematics when he created spaces with frac-
tional dimensions. When Benoit Mandelbrot
(1924- ) applied these spaces to geometry, he dis-
covered new objects that he called fractals. These
ideas were combined with the study of recursive
and iterative mathematical formulas. The simplest
formula of this kind, which was explored in great
detail by Mitchell Feigenbaum (1944— ), is the lo-
gistic equation x,,, = ax, (1 — x ), where a is a
tuning constant for the system. The system evolves
recursively forn=0,1,2,3, .. ..

In 1963, meteorologist Edward Lorenz (1917-)
used differential equations with chaotic properties
to model a physical system, the first time this had
been done. In physics Henri Poincaré (1854—-1912)
used features of CT to demonstrate the stability of
the solar system, a result that Isaac Newton
(1642-1727) and many other scientists had not
been able to achieve because of the potentially
chaotic behavior of systems containing three or
more bodies. Ilya Prigogine (1917- ), who did re-
search in thermodynamics, examined nonlinear
systems that are far from equilibrium and showed
that such a system could generate novel structural
features.
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All these developments were independent of
each other, but they merged in the new concept of
CT in the 1970s. The term chaos theory was coined
by mathematician and physicist James Yorke
around 1972 and was introduced to the scientific
literature in 1975 by the mathematician and biolo-
gist Robert May. Robert Devaney gave the first
mathematical-technical definition of chaos in 1989,
although this definition does not cover all features
of interest to mathematicians who study chaos. In
this technical sense, CT is not to be understood as
being opposed to order, and it should not be con-
fused with the metaphorical and colloquial use of
the word chaos. Rather it describes how order
breaks down and reemerges on many levels of
complexity within dynamic systems.

Features of chaos theory

There are four essential aspects of CT. First, be-
cause of its recursive and iterative character, a
chaotic system is exquisitely sensitive to its initial
conditions, which means that the slightest varia-
tions in the parameters of a system may result in
tremendous differences in the system’s develop-
ment. This feature is known as the Butterfly Effect.

Second, within the various modes of a chaotic
dynamical system, there are certain levels of stabil-
ity, especially when movements or changes come
to an end. These levels of stability form the math-
ematical concept of an attractor. The eventual
point of rest of a pendulum’s movement is an at-
tractor for the mathematical model of the non-
chaotic pendulum system. Similarly, in classical
thermodynamics the state of maximum entropy
can be regarded as an attractor within nonchaotic
mathematical models of fluids. Such nonchaotic at-
tractors can be represented geometrically by a sin-
gle point or a toroid. An attractor is distinguished
from a strange attractor, the latter being used only
in CT. The strange attractor is a fractal, of which
the best known are the Hénon, Rossler, and Lorenz
attractors. Dynamical systems in chaotic modes sta-
bilize on strange attractors.

Third, the essential difference between the de-
velopment of a nonchaotic system and the devel-
opment of a chaotic system has to do with deter-
minism and predictability. Although determinism
and predictability are mutually entailing in non-
chaotic systems, determinism does not entail pre-
dictability in chaotic systems. Chaotic systems pos-
sess a certain degree of predictability, measured by
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the so-called Lyapunov exponent, but all chaotic
systems are unpredictable in the long run. Because
of this astonishing mixture of determinism and
nonpredictability, CT is also called the theory of
deterministic chaos.

Finally, in contrast to a nonchaotic determinis-
tic system, a chaotic deterministic system is not re-
versible due to progressive information loss as the
system evolves. Thus, it is not possible to trace a
system backwards to its initial conditions. If this
mathematical form of CT is applied in physics to
open systems that are far from equilibrium, addi-
tional features are revealed:

D

Autopoietic systems, which are self-generat-
ing, can be described by CT.

(2) In order for a system to evolve in a chaotic
manner, it is necessary constantly to supply it
with energy, and the input of energy pre-
vents it from entering a state of stationary

equilibrium.

(3) Due to this constant input of energy, chaotic
systems can evolve new features, such as

those used in certain chemical clocks.

€

Because chaotic systems are not static, they
can adapt to new environmental conditions.

(5) The application of CT to evolving systems
that are far from equilibrium requires a re-

finement of the concept of entropy.

Theological implications

The fact that determinism does not entail pre-
dictability in chaos theory means that knowledge
of the future of a complex physical system that can
be modeled with a chaotic dynamical mathemati-
cal system is severely limited in practice. This lim-
itation of knowledge of the future may seem un-
desirable, but it turns out to be useful when CT is
used as a conceptual tool for studying evolutionary
and autopoietic systems. If philosophical reasoning
is used to relate natural science to theology, then
this new distinction between determinism and pre-
dictability has to be respected. There are three pre-
dominant options when relating CT to theology.

Ontology. The distinction between the mathe-
matical theory of CT and its physical application
raises the question of how to relate divine action to
CT. If one interprets the eventual unpredictability
of CT as an epistemological clue to an underlying
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openness in nature, as does John Polkinghorne,
one can speculate whether the world is open to di-
vine influences by the concept of “divine informa-
tion input without energy transfer.” On the other
hand, if eventual unpredictability is judged to be
merely an epistemic limitation with no ontological
implications, then CT is not immediately useful for
interpreting the natural-law-conforming action of
an intentional divine being, though Robert John
Russell and others have invoked it to explain how
divine action at the quantum level might be ampli-
fied to macroscopic dimensions.

Autopoiesis. If CT is linked to the theory of au-
topoietic systems, the independence of creatures is
emphasized rather than their dependence on God.
This interpretation is adopted in some contempo-
rary kenotic theologies and it tends to challenge
traditional theological teachings such as provi-
dence and omnipotence. Generally, CT leads to
the conclusion that it is more plausible to think of
God as a cooperative partner in a panentheistic
way, rather than as an almighty ruler, if God is to
be thought of as a being at all, which is itself the-
ologically controversial.

Unpredictability. The eventual unpredictability
that is intrinsic to CT offers the possibility of rein-
terpreting the concept of divine providence. Rather
than conceiving of God’s knowledge as a deter-
ministic prescience, one can interpret that knowl-
edge as a knowledge of different options within an
open future that is vulnerable to the possibilities of
failure and error. In light of CT, one could also
argue that in God predictability and determinism
are again fused. This third interpretation does jus-
tice to human freedom. The use of CT in neuro-
science invites attempts to relate CT’s distinction
between predictability and determinism to neuro-
logical interpretations of human free will. However,
the deeper problem is whether mental phenom-
ena, such as the will, can be reduced to neural ac-
tivity, and here CT seems to offer no new insights.

See also CHAOS, RELIGIOUS AND PHILOSOPHICAL ASPECTS
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CHEMISTRY

When, in the 1830s, eight authors published
Bridgewater Treatises on the goodness and wis-
dom of God, the series included volumes on as-
tronomy and physics, geology, psychology, human
physiology, animal and vegetable physiology, zo-
ology, and the human hand. But chemistry was
stuffed into a rag-bag of a book by William Prout
(1785-1850) that also covered meteorology and the
function of digestion. Yet this was a time when
lectures on chemistry attracted large and enthusi-
astic audiences, and chemistry was perceived as a
fundamental science. When most science was pop-
ularized in a context of natural theology, why was
chemistry seen as problematic?
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In the early twenty-first century, chemicals are
perceived as alarming additives, the chemical in-
dustry as a source of pollution, and fertilizers, pes-
ticides, and explosives as dangerous to the planet
and its populations. Still, people depend upon plas-
tics, synthetic fibers, pharmaceutical drugs, and
paints. Chemistry is everybody’s service science,
ubiquitous, but highly suspect, which points to the
reason for its neglect by natural theologians. As-
tronomers contemplate the starry heavens; chemists
understand the world in order to change it.

Chemical theology in history

The alchemist was an optimist, seeing potential
gold where others saw dross. Alchemists often iden-
tified the perfecting of base metal into gold with the
simultaneous spiritual perfecting of the alchemical
practitioner. George Herbert’s well-known poem
The Elixir (1633) is indeed used as a hymn. God’s
creation of the cosmos from chaos was compared
to an alchemical project. In the laboratory, the nat-
ural improvement of base metals could be acceler-
ated. But in the second half of the seventeenth cen-
tury Robert Boyle, one of the fathers of modern
chemistry, although deeply interested and involved
in alchemy, delighted especially in the mechanical
or corpuscular philosophy as a basis for natural the-
ology—comparing God to a clockmaker rather than
to an alchemist. He and the other founders of the
Royal Society favored the plain words of artisans
rather than witty metaphysical conceits or coded
messages for initiates. The oblique, resonant, and
metaphorical language of alchemy gave way, espe-
cially in the 1780s in the hands of chemist Antoine
Lavoisier, to sober prose approximating as far as
possible to algebra. For Boyle, who was deeply de-
vout, mechanical explanations were particularly sat-
isfying and intelligible. He bequeathed money for
lectures demonstrating the existence and wisdom of
God. For succeeding generations this meant as-
trotheology, joyfully dwelling upon Isaac Newton’s
work, and physico-theology, showing how humans
and other creatures were like beautifully designed
little clocks living in an enormous clock.

Whereas astronomy was a science of medita-
tive observation and calculation (with spin-offs
into calendars and navigation), chemistry was ac-
tive and practical. The busy chemist’s task was to
improve the world by isolating metals, distilling
medicines, or making ceramics and dyes. Adam
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and Eve had been expelled from paradise and sen-
tenced to hard labor: Chemists might be able to do
something about that. As the macho English
chemist Humphry Davy declared in the early nine-
teenth century, the chemist is godlike because he
exerts a “creative energy” that “entitles him to the
distinction of being made in the image of God and
animated by a spark of the divine mind” (p. 36D).
Instead of simply commending this best of all pos-
sible worlds and its designer, therefore, chemists
seek to understand it in order to change it for the
better, using God-given intelligence and manual
skills.

Chemistry is essentially an experimental sci-
ence, concerned with the secondary qualities of
color, taste, and smell, and demanding trained fin-
gers, hands, and noses; it cannot be done on
paper in an armchair in a study or library. When
interrogating nature through experiments, the
chemist for Davy is not a passive scholar, but a
master, active with his own instruments, exerting
the “godlike faculties, by which reason ultimately
approaches ... to inspiration.” In the words of a
poet, Davy’s lectures disclosed “Nature’s coyest se-
crets.” Davy was a friend of Samuel Taylor Co-
leridge and other Romantic poets, and went from
interrogation to worship of nature, as we see in his
poems and last writings. Such pantheism was not
unusual among scientists of the nineteenth cen-
tury, who found religious experience in com-
muning with nature both in the laboratory and on
mountain tops.

The enthusiastic Samuel Parkes, a Unitarian
and a chemical manufacturer, borrowing from
church teaching called his elementary and suc-
cessful book of 1806 The Chemical Catechism. Not
only did he hope that parents would ensure that
their children learned chemistry for its utility, he
also sought to defend the youthful mind against
“immorality, irreligion, and scepticism.” The text
(questions and answers) was amplified with foot-
notes, where chemical detail, poetry, and occa-
sional encomia upon the creator were to be found.
The “goodness of the ALMIGHTY” was particularly
displayed in the various uses to which different
substances may be put, though sometimes the “de-
sign of Nature” in assigning properties to things
was not yet apparent. The book is pervaded with
natural theology, rather than being an exposition
of it. In a later popular work The Chemistry of

Common Life (1855), widely known in translation
as well as in English, the Presbyterian James John-
ston concluded surprisingly that earthly life was in-
significant in the vast general system of the uni-
verse. Humans were here solely because God, in a
separate act of will, had formed beings to admire
God’s work. Johnston sought thus to indicate the
insufficiency of natural theology without revela-
tion, which told more of God’s purposes and char-
acter than could ever be inferred from chemical
discoveries.

Authors of Bridgewater Treatises were meant
to confine themselves to natural theology, and
Prout’s was thus a straightforward exposition of the
design argument, given a particular turn because of
his idiosyncratic atomic theory. But chemistry was
making rapid progress, and in 1844 George
Fownes published his book Chemistry as Exempli-
Jfying the Wisdom and Benevolence of God, which
was awarded the Actonian Prize associated with
the Royal Institution, where Davy and Michael
Faraday held forth. Fownes began from the posi-
tion that recent studies (especially with micro-
scopes, enormously improved at this time) had
shown how exquisitely animals were adapted to
their environment. Then he declared that recent
discoveries in chemistry, especially in its organic
branch, made it easier to use science to infer de-
sign. He urged people to look for God’s activity in
the commonplace and the everyday world, seeing
God’s hand in the simple laws of chemical combi-
nation, the ubiquity of protein, and the equilibria
among reversible reactions that made animal and
plant chemistry possible. Natural theology was for
Fownes the highest aim of science. His book is also
a good account of the current state of chemistry,
being transformed at that time through the work
especially of Justus Liebig, in whose wake German
universities were training large numbers of profes-
sional research chemists to work in industry and
academia.

Both Prout and Fownes came under friendly
fire from George Wilson in his Religio Chemici
(published posthumously in 1862) for their Pan-
glossian emphasis upon unmixed and unbounded
benevolence. Wilson, the first Professor of Tech-
nology in Edinburgh University in Scotland, was
dogged by bereavements and illness, but sup-
ported by staunch religious faith. He believed that
while chemical evidence, especially from the
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earth’s atmosphere and the carbon and water cy-
cles, demonstrated design, the demonstration of
benevolence was another story. Introducing a gen-
dered perspective, he noted that men read the
Bridgewater Treatises and such books chiefly to
learn science; women, more perceptive, did not
because they were not impressed by such banal
optimism. The problem of evil was real, and the
dark side must be faced. If human bodies are con-
stantly being renewed, why then do they wear out?
Why are there poisons? Wilson noted the formida-
ble weapons of destruction possessed by carni-
vores—“God has been very kind to the shark”™—
and the reality and enduring character of pain,
animal and human. Evil exists alongside good, and
cannot in the manner of the Manicheans be sepa-
rated from it. Chemistry can show that God has
love, but not that God is love. For Wilson the prob-
lem of evil is real and cannot be solved in this
world, except in the light of revealed religion and
true conversion. Astrotheology might be immune
from such criticisms, but physico-theology along
with reasoning from chemistry is undoubtedly un-
dermined. Most of those writing natural theology
had been, like William Paley, healthier and wealth-
ier than the average person, and Wilson brought in
a draft of fresh air.

The twentieth century onwards

Natural theology had made popular chemical
books and lectures interesting and indeed momen-
tous. By 1900, however, there were many students
(more than in any other science) with examina-
tions to pass and professional qualifications to gain,
and their textbooks had become much drier and
more factual, presenting chemical theory but not a
worldview. Also, natural theology was in retreat for
most of the twentieth century, under assault not
only from scientific naturalists but also from the-
ologians. And whereas chemistry had seemed a
fundamental science to Davy and his contempo-
raries, in the early twentieth century it appeared
that chemistry was being reduced to physics with
the work of Ernest Rutherford and Niels Bohr. No
doubt experiment was still necessary because the
mathematical equations, based upon quantum the-
ory, were too difficult to solve in detail, but gen-
uine chemical explanation would in principle be in
terms of physics, or so it seemed to physicists, who
enjoyed enormous prestige. Philosophy of science,
therefore, was for much of that century focused
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upon physics; chemistry seemed necessary, but not
exciting. In addition, much nineteenth-century re-
search had been done by individuals. In the twen-
tieth century, the teams and groups that now un-
dertook scientific research needed to include a
chemist or two whatever their field, but the glam-
orous science was physics. Then came the elucida-
tion of the DNA structure, making molecular biol-
ogy and genetics major areas of interest; here, as in
pharmacy, chemistry was essential, but still not the
center of interest for the lay person following what
was going on. In the United States, Creationism fo-
cused the attention of natural theologians upon
Charles Darwin’s theory of evolution by natural se-
lection, which by the second half of the century in-
corporated genetics. Only perhaps in the context of
ecotheology has chemistry again impinged seri-
ously on religious thinking.

Nevertheless, chemistry was not really reduced
to physics any more than architecture has been;
builders must take into account the law of gravity,
and chemists building molecules cannot defy the
laws of physics. Working within such constraints is
the basis of art in both fields. Roald Hoffmann em-
phasizes the creativity that lies behind structural
chemistry, designing substances never made be-
fore. He also draws attention to the visual and ver-
bal language of chemistry and the role of illustra-
tion in the science. Lavoisier’s project of abolishing
richness has not been achieved, and chemistry can
be fun. Hoffmann has also been involved with
Shira Schmidt in reflection on Jewish traditions in
the light of chemistry, seeing argument as central
to both and exploring dichotomies between natu-
ral and artificial, symmetry and asymmetry, purity
and impurity. This is not the traditional enterprise
of natural theology, as in Fownes’s book, but much
less formal. For the believer, satisfying parallels
and analogies reveal themselves in a coherent pat-
tern, and metaphors are refreshed.

A collective study of Science in Theistic Con-
texts (2001) unsurprisingly contains no discussion
of chemistry. In their Gifford Lectures, however,
published as Reconstructing Nature (1998), John
Brooke and Geoffrey Cantor investigate the en-
gagement (a useful word with multiple meanings)
of science with religion in a historical perspective.
They devote a chapter to chemistry, with particular
discussion of the theological problems that can
arise from the idea that the chemist is perfecting
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creation. They see process as a feature of chem-
istry that might bear upon religion. Most people
accept that a world with nylon and aluminum is
better than one without, and expect more progress
in applied chemistry, but people remain uneasy
about nineteenth-century chemist Eleanor Ormer-
od’s enthusiastic espousal of chemical pest-control,
with its aim of exterminating noxious insects.
Brooke and Cantor also look at materialism and re-
ductionism, in which chemistry has been in-
volved—the melancholy may be bracingly told “it’s
just your chemistry,” and may or may not find that
consoling.

What emerges is that chemistry has never been
nearly as tempting for the natural theologian, wish-
ing to put design beyond reasonable doubt, as as-
tronomy or natural history. While the world of
stinks and bangs is fun, atoms and molecules lack
sublimity or accessibility. Chemistry is not only the
experimental science par excellence, it is also use-
ful in seeking to improve the world and the qual-
ity of life. That, and the idea of process, is some-
thing that should resonate with anyone pursuing
natural theology, especially in an intellectual cli-
mate where the argument from design runs up
against a deep prevailing skepticism. In such a
broader and more sensitive natural theology, there
should also be room for the metaphors and analo-
gies from chemistry that can make it aesthetically,
rather than logically, compelling.

See also ALCHEMY; DESIGN; DESIGN ARGUMENT;
ECOLOGY; ECOTHEOLOGY; NATURAL THEOLOGY
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DAVID M. KNIGHT

CHINESE RELIGIONS AND
SCIENCE

The three main Jiao (systems of teachings and be-
liefs) in Chinese tradition are Confucianism, Dao-
ism, and Buddhism, which are called the “three re-
ligions.” However, Chinese scholars generally



consider Confucianism, the School of Daoism (Dao
Jia), and the School of Buddhism (Fu jJia ) to be
philosophies, whereas Daojiao (Jiao of Daoism)
and Fujiao (Jiao of Buddhism) are considered to be
religions. In the West, all are regarded as either re-
ligions or philosophies or both.

In regard to Chinese science, traditional Chi-
nese scientific discoveries should not be measured
by the standards of modern Western science. By
doing so, one risks missing many of the real mer-
its in non-Western cultures. One example is that
the holistic view and the harmony of the yin-yang
(shade and sunshine) concept of the human body
and soul in Chinese medicine does not correlate
directly with the standard Western (Greek) di-
chotomy of body and soul, although many have
tried to make this correlation.

The main themes of traditional Confucianism
are to cultivate the person, to regulate the family,
to effectively govern the state, and to exemplify
virtue throughout the world. The purpose of sci-
ence and technology is to help a person be a good
politician and sage. Moral teachings are considered
far more important than scientific findings. Confu-
cianism does not oppose scientific and technolog-
ical knowledge; the attitude of Confucianism to-
ward science is to leave it alone.

Daoism as a religion can be traced back to an-
cient China, especially to the philosophers Lao-tzu
(c. 604-490 B.C.E.) and Chuang-tzu (c. 399-295
B.C.E.), although Daoist teachings were later radi-
cally reinterpreted. Later Daoism is called Daojiao
(Daoist religion) rather than Daojia (School of
Daoism), the name for classical Daoism. The
Daoist religion sought to lead its adepts into such
a harmonious relationship with the world that they
would escape the horrors of disease and the
tragedy of death. It was not life after death that
they sought, but life without death, which they
tried to achieve through the use of drugs, medita-
tion, exercise, appropriate sexual activity, and pu-
rity of life. These approaches to immortality led to
the development of traditional Chinese sciences,
which include Chinese medicine, pharmacology,
chemistry, and health care techniques. Traditional
Chinese science also includes efforts to exploit the
outside world in order to find a place for immortals
to live. Such efforts constitute the earliest Chinese
geographical work.

Buddhism was introduced to China around the
first century B.C.E. In order for assimilation to take
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place, Buddhism had to undergo a process of con-
textualization in China. Chinese Buddhists declared
that Buddhism is different from Daoism. In The
Emptiness of the Unreal, the Buddhist philosopher
Seng Chao (384-414) pointed out that Daoism
teaches belief in wu (nothingness), which is a
metaphysical reality. Buddhists, however, believe
in sunya (emptiness), which is the negation of any
kind of independent reality. Seng Chao also taught
that all existences are conditioned by necessary
causes and sufficient causes; there are no eternal
realities in themselves. He quotes from the teach-
ing of Buddha to assert “no life and no death, no
continuousness and no discontinuousness. No uni-
versal and no particular, no come and no go ...
this is the first truth of Buddha.” The basic teaching
of Buddhism is to release human beings from suf-
fering, which comes from desire. Buddhists strive
to leave this world by entering the realm of nib-
bana or nirvana, where all the activities of the
mind stop. From this point of view, Buddhism con-
tributes little to science in Chinese culture.

See also CHINESE RELIGIONS, CONFUCIANISM AND
SCIENCE IN CHINA; CHINESE RELIGIONS, DAOISM
AND SCIENCE IN CHINA; CHINESE RELIGIONS,
HISTORY OF SCIENCE AND RELIGION IN CHINA
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CHINESE RELIGIONS,
CONFUCIANISM AND
SCIENCE IN CHINA

The term of Confucianism is ambiguous. It refers
to the ideology developed by a man named Con-
fucius (522479 B.C.E.), but Chinese scholars prefer
to use the term Rujia, which means the school or
teachings of the scholars. Ru was originally used to
refer to dispossessed aristocrats of antiquity who
were no longer warriors, but lived according to
their knowledge of rituals, history, music, arith-
metic, and archery. The term eventually became a
designation of honor. The “school of ru” eventu-
ally came to encompass the ethical wisdom of the
past that Confucius transmitted to later ages, as
well as the entire development of the tradition after
his time. In this sense, it constitutes the “religion”
of the Chinese because it provides a system of be-
liefs and values that calls for faith and acceptance
from adherents. It also qualifies as a religion in
that it provides a way of life for adherents to fol-
low, rather than a body of knowledge for them to
master. In this regard, Confucianism is more com-
parable to Western religions than it is to Western
philosophies. However, Confucianism is not a reli-
gion in the Western sense because it has no tran-
scendental God, no eschatology or teaching be-
yond this life, and no organizational structure. It is
only a teaching, and it teaches people how to live
a noble life in a particular social context.

The teaching of Confucianism

The main teaching of Confucius is jen, which liter-
ally means “two persons.” Jen is concerned with
human relationships and with the virtue of the su-
perior or noble person. Jen is associated with loy-
alty (zhong), referring basically to loyalty to one’s
own heart and conscience, rather than to a nar-
rower political loyalty. Jen also refers to affection
and love. The great Confucian thinker Mencius
(371-289 B.C.E.) said, “The human being of jen
loves others.” However, jen should be guided by
yi (righteousness), and a superior person must
know how to love others and when not to love
others. The Confucian interpretation of jen as uni-
versal love differs from that of Mo-tzu (fifth century
B.C.E.), who advocated a love for all without dis-
tinction. The followers of Confucius emphasize the
need of discernment, of making distinctions, and
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they reserve for parents and kin a special love. Fa-
milial relations provide a model for social behavior
by which people should respect their own elders,
as well as other’s elders, and be kind to their own
children and juniors, as well as those of others.
This is the reason for the strong sense of solidarity
not only in the Chinese family, but also in Confu-
cian social organizations among overseas Chinese
communities.

Ritual is an important part of Confucius’s teach-
ings as well, and Confucianism is also known as the
ritual religion (/i-jiao). Confucian teachings have
helped keep alive an older cult of veneration for an-
cestors and the worship of heaven. This was a for-
mal cult practiced by China’s imperial rulers, who
regarded themselves as the keepers of “Heaven’s
Mandate” of government, and were considered to
be “High Priests,” mediators between the human
order and the divine order.

Before the twentieth century, the calendar of
official sacrifices was determined by the Board of
Astronomy according to established divinatory pro-
cedures and was published well in advance by the
Ministry of Rites (/i-Pu). During the last dynasty
(Qing, 1644-1912), the Ministry of Rites performed
the same functions as they did during the Han dy-
nasty (206 B.C.E.—220 C.E.). The Ministry’s most im-
portant responsibilities were educational, but it
also kept records of all ceremonies the emperor at-
tended, of the descendants of Confucius, and of
Buddhist, Daoist, medical, and astronomical offi-
cials. All cases of filial piety, righteousness, and
loyalty were reported to the emperor for rewards.

Neo-Confucianism

Neo-Confucianism develops the meaning of jen
through the School of Mind. Wang Yang-ming
(1472-1529) understood that the hsin (mind and
heart) was the root of jen, according to which hsin-
in-itself is the highest good. It exists beyond good
and evil to distinguish what is good and evil. This
is the substance of morality. Yang-ming called it
liang-chib (inborn capacity to know the good) and
liang-neng, which enables one to act according to
one’s originally good nature. When the mind is in
good condition, for example, no human desire oc-
cupies it and the mind is clear and intelligent. If
one has a clear and intelligent mind, one knows
how to apply moral principle to daily life. It does
not matter if one is versed in technical knowledge
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or knows how to complete a task. As Yang-ming
puts it, if a person knows what filial piety is, that
person will know how to treat his parents well.

Yang-ming does not distinguish between moral
knowledge and cognitive knowledge, with the re-
sult that in Confucianism, moral knowledge sup-
presses cognitive knowledge. Contemporary neo-
Confucianists understand this, and have revised
Yang-ming’s theory by stressing cognitive knowl-
edge so as to open the door to modern science
and democracy.

Confucianism and science

Traditional Confucianism valued science mainly for
its practical applications. Astronomy and mathe-
matics, for example, were valuable for divination
and agricultural purposes. Both of them were also
needed in making calendars, which were impor-
tant for the agricultural economy. In addition, Chi-
nese medicine was an early scientific tradition with
many practical applications related to the surival of
human beings.

Astronomers were active during the East Chou
period (722-222 B.C.E.) in China. Almost all Chi-
nese astronomers were also astrologers. They be-
lieved that the stars and celestial bodies affected
the governmental bureaucracy, but seldom af-
fected individuals or the population in general.
The Shiji (Records of the historian), written by
Sima Qian in 90 B.C.E. during the Han dynasty, in-
cludes a systematic chapter on astronomy. The
chapter reviews the stars and constellations of the
five “Palaces” (circumpolar, east, south, west, and
north) and includes an elaborate discussion about
planetary movements, including retrogradations,
followed by the astrological association of the
lunar mansions with specific terrestrial regions,
and the interpretation of unusual appearances of
the sun and moon, comets and meteors, clouds
and vapors, earthquakes, and various harvest
signs. The author also warns the emperor to pay
attention to astronomy because it can help him
learn how to govern the empire.

The most important early writing on mathe-
matics is Jiuzhang suanshu (Nine chapters on the
mathematical arts), written in 260 C.E. by Liu Hui.
This work provides the first Chinese geometrical
proofs in connection with finding the areas of a
trapezium (a quadrilateral formed by two isosceles
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triangles) and other figures. The first chapter of Ji-
uzhang suanshu is a “Land Survey” that gives the
correct rules for finding the areas of rectangles,
trapeziums, triangles, circles, and arcs of circles
and annuli. The second chapter, “Millet and Rice,”
deals with percentages and proportions, and re-
flects the management and production of various
types of grains in Han China. The sixth chapter,
“Impartial Taxation,” deals with problems of pur-
suit and alligation, especially in connection with
the time required for people to carry their grain
contributions from their native towns to the capital.

Nearly one thousand Chinese mathematical
treatises from the second century C.E. onward sur-
vive. The great majority have to do with the kinds
of practical matters that government officials, their
clerks, and landowners would encounter, such as
surveying land and calculating exchange rates and
taxes payable in money and commodities. The
predominantly practical orientation of Chinese
mathematics makes it neither inferior nor superior
to the Western tradition. Its lack of development at
the abstract geometric level was balanced by its
strength in numerical problem solving.

Another important function of mathematics in
premodern China was divination (shu) and astrol-
ogy (suan), both of which included numerology.
Some divination techniques also identify regulari-
ties underlying the flux of natural phenomena.

In general, Confucianism is mainly concerned
with ethics, morality, and political theory rather
than science and technology. Although Confucian-
ism essentially functioned as the state religion, it
was conspicuously un-religious. Confucian schol-
ars who lived during the long period (approx. two
thousand years) of unity of Chinese society always
set the social agenda concerning how to “cultivate
their persons, regulate their families, govern well
their states and finally exemplify illustrious virtue
throughout the world” (c. fifth to first century,
Great Learning). The purpose of science and tech-
nology in a Confucian society is to help a person
to be a good politician and sage. Thus, moral
teachings are more important than natural scientific
findings, and scientific discourse in Chinese culture
tends to be full of speculations and metaphors,
rather than accurate factual information.

Confucian tradition has not been concerned
with scientific theory, so traditional Chinese sci-
ences have focused on practical applications in
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medicine, agriculture, arithmetic, and astronomy.
Traditional Chinese sciences have also stressed the
political and moral implications of science and
technology. Nonetheless, Chinese scientists are
credited with some important inventions, including
paper, the compass, the art of printing, and the
production of gunpowder. Although the compass
was invented in China around 2700 B.C.E., there
was no further scientific theory of the compass.
The Chinese people used compasses mostly for
determining Feng Shui (wind and water), a folk
superstition by which people set up a comfortable
living environment. Although it can not be denied
that technical investigations were fruitful in Chi-
nese history and resulted in many inventions, sci-
entific theorization remained on the level of factual
description and empirical interpretation. For exam-
ple, traditional Chinese medicine involves a great
deal of speculation that is not supported by clinical
experimentation; it remains on the level of abstract
thinking and intuitive observation. Arithmetic was
also mainly used for practical calculation that did
not require abstract thinking, so no mathematical
theory or formal logical system was developed.

Under the ideology of Confucianism, science
and technology had to deal with daily issues of
human society, and Confucian scholars made little
effort to engage in scientific and technological re-
search. Science and technology were generally re-
garded as merely a means for human beings, with
no ultimate value in helping someone become a
sage. This may be one of the main drawbacks of
the Confucian value system and worldview: It has
served as a drag on Chinese scientific and techno-
logical development.

See also CHINESE RELIGIONS AND SCIENCE; CHINESE
RELIGIONS, HISTORY OF SCIENCE AND RELIGION IN
CHINA; MATHEMATICS
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HING KAU YEUNG

CHINESE RELIGIONS, DAOISM
AND SCIENCE IN CHINA

As the native religion of China, Daoism (also
spelled Taoism), together with Confucianism and
Buddhism, comprises the main body of traditional
Chinese culture. Daoists, in pursuit of the ideal of
becoming immortals by practicing Dao, made great
efforts to transcend conventional wisdom about
life and knowledge and so helped both to define
ancient science in China and to advance it through
a great number of inventions.

Relationship between Daoism and science

For a long time, many Western translators, writers,
and scholars misunderstood Daoist thought, largely
overlooking its scientific and protoscientific as-
pects. Moreover, different understandings of what
constitutes science have rendered the issue more
confusing. While some scholars denied any link be-
tween Daoism and science, many studies have con-
firmed an important relationship between them.

Daoist thought is basic to Chinese science and
technology. Daoism provided a philosophical
foundation for the development of science; its love
for nature, its conception of change, its unique
mastery of the relationship between human beings
and nature, and its pursuit of freedom are based
on the exploration of nature. Daoist admiration for
ancient scientific inventors, and their absorption of
science and technology in history, show that Dao-
ism tried to reach its religious ideal by means of
science. In addition, Daoism’s cultural structure is
favorable for science. The unique Daoist ideal of
material immortality is invaluable in stimulating the
observation and exploration of nature and life, and
the development of techniques of alchemy, medi-
cine, and related fields.



Daoists regard Dao as the origin of all things,
including human beings, and they believe that
people can return to Dao and thus attain immor-
tality. Because immortality can be acquired
through learning, one’s life rests with oneself
rather than heaven. Daoist scriptures include such
sayings as “Probe into the mystery of heaven and
earth and understand the root of creation” (The
Taoist Canon, Vol. 18, p. 671). In fact, such explo-
rations serve the goal of achieving oneness with
the Dao, which leads to becoming an omniscient
and almighty immortal, a True Human of True
Knowledge.

Unrealistic as immortality is, many Daoist
ideas, techniques, and practices for longevity are
reasonable and scientific. They constituted the
most important part of Daoist spiritual heritage in
the Middle Ages. Thus, Joseph Needham argues in
Science and Civilization in China (1956) that Dao-
ism “developed many of the most important fea-
tures of the scientific attitude, and is therefore of
cardinal importance for the history of science in
China” (vol. 2, p.161). Similarly, Welch Holmes
writes in Taoism: The Parting of the Way (1957)
that “the Daoist movement has sometimes been
called the Chinese counterpart of Western science
... To a large extent the Daoists practiced experi-
mental science” (p.134).

Daoist contributions to science

Hua Tuo, a famous Daoist doctor in the third cen-
tury C.E., was the first to use a type of anesthesia
called ma fei san. He also formulated the gymnas-
tic techniques called wu gin xi (imitation of five-an-
imal playing) for nourishing vitality of life. A text of
Daoist prescription Zhou Hou Bai Yi Fang (Collec-
tion of prescriptions for hundred-and-one diseases
fourth century C.E.), written by Ge Hong and en-
larged by Tao Hongjing, contains the first known
record of the disease of smallpox. It also records
therapeutic techniques for dealing with a variety of
acute medical conditions, including artificial respi-
ration, bleeding stoppage, abdominocentesis,
catheterization, clyster, intestinal anastomosis,
debridement (sore cleaning), drainage, fracture
treatment with superficial fixture, and disjointed ar-
ticulation restituting. Remarkably, this work
recorded an anti-malaria treatment using southern-
wood (Artemisia annua L.). In the 1970s, scientists
extracted artemisinin from southernwood, which is
a significant discovery in the history of antimalaria
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treatments from medicines of the quinoline cate-
gory. Sun Simiao, a great Daoist doctor, summed
up in the seventh century C.E. the prevention of
struma by using animal thyroid and the prevention
of nyctalopia by using animal livers. And the treat-
ment of restituting mandible disjointing that Sun
Simiao put forward is still in use in modern medi-
cine. fin Si Xuan Xuan (The incredible mysteries in
the golden box), a Daoist text of parasitology writ-
ten sometime between the fourteenth and seven-
teenth centuries C.E., enumerated a “Catalogue of
Nine Parasite Species” with illustrations of various
kinds of parasites, as well as figures depicting their
life cycles.

In seeking elixirs from the bodies of human be-
ings themselves, Daoists made great strides in the
field of biochemistry. Both Joseph Needham and Lu
Gwei-Djen hold that the medicine named giushi,
which was made by medieval Daoists, is a relatively
pure preparation of urinary steroid hormones. A
similar medicine was made in the West by a Ger-
man biochemist in the early twentieth century.

Daoists also acquired solid knowledge of cer-
tain chemical reaction processes. They accurately
described the reversible reactions between mer-
cury and thiosugar. Long Hu Huan Dan Jue (The
oral formula for cyclically transformed elixir of
dragon and tiger), written by Jin Ling Zi, an expert
in alchemy in the Tang Dynasty (618-907),
recorded precise methods of making arsenic-cop-
per alloy and of extracting pure copper, methods
developed by Daoists over many generations. In-
stead of conforming to an older Daoist tradition of
keeping key links secret or of using obscure ter-
minology, this text clearly and definitely states
strict rules of operation that are similar to those of
modern chemistry.

As the basic components of gunpowder in an-
cient China were niter, sulfur, and carbonaceous
substances, all frequently used in Daoist alchemical
experiments, the invention of gunpowder can be
traced back to Daoist writings in the Han Dynasty
(206 B.C.E—220 C.E.). The formula included in Bao
Pu Zi Nei Pian (The inner chapters of the Philoso-
pher Master-Who-Embraces-Simplicity), written by
Ge Hong in the fourth century C.E., already cov-
ered the basic composition of gunpowder. In the
middle of the ninth century C.E., the Daoist scrip-
ture Zhen Yuan Miao Dao Yao Lue (Classified
essentials of the mysterious Tao of the true origin
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of things) clearly recorded the precise composition
of gunpowder. Obviously, the time of its invention
was much earlier.

Many Daoists were also metallurgists. The hy-
drometallurgical technique of smelting copper
from cupric sulfate liquor was first used in China in
Daoist alchemic practices. It can be traced back to
Huai Nan Zi (The book of Master Huainan), a
Daoist text written in the early years of the first
century C.E., it formally appeared in Daoist texts of
the Tang Dynasty, and it became the prevailing
technique of copper production during the Song
Dynasty (960-1279). It was no later than the Song
Dynasty that Daoists had identified the element ar-
senic and extracted pure samples of it. Around the
year 550 C.E., a Daoist practitioner invented a tech-
nique of steel production called guan gang fa, by
which pig iron and wrought iron were heated to-
gether to a certain temperature for higher quality
steel. With its moderate carbon content, this kind
of steel was ideal for making high-quality tools.
This technique was widely used and refined in
China during the succeeding one thousand years.

With seven kinds of materials, Daoist al-
chemists created the earliest fireproof sealing ma-
terial called six-one mud. They made glass and
preserved valuable technical data in their writings.
They wrote works on casting techniques such as
Shen Xian Lian Dan Dian Zbu San Yuan Bao
Zhao Fa (Spot casting methods of bronze mirror of
the three origins of things by the immortals), in
which they recorded in detail the techniques of
quality control in casting. Ever since Huai Nan Zi
in the Han Dynasty, Daoists used mercury-tin alloy
and later added lead amalgam to create an ideal
media for bronze mirror polishing.

A technique involving the suspending of mag-
netized needles was used by Daoists to test the
quality of lodestone, which was a major healing
object in alchemy. Eventually, this technique led to
the invention of the magnetic needle compass. In
addition, modern scientists found that Wu Yue
Zhen Xing Tu (Maps of the true topography of the
five sacred mountains), drawn in the third or
fourth centuries C.E. and treasured by Daoists over
the last eighteen centuries, contains the earliest
type of contour map. The maps roughly reflect the
local terrain and routes of the mountains.

Precise clock devices are of great importance
in Daoist practices. Throughout Chinese history,
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many Daoists participated in the invention and im-
provement of the water clock. The famous cheng
lou, a scale-controlled water clock invented by a
Daoist named Li Lan, was widely used in the 400
years between the fifth and eighth centuries C.E.,
and served as an important component of various
types of compounded clock devices in China. It
was also used in the medieval Islamic world; stud-
ies show that Muslims probably learned about such
clocks from the Chinese. Daoists of the Quanzhen
Sect even invented portable water clock devices.
A scripture called Quanzhen Zuo Bo Jie Fa
(Quanzhen Sect easy preparation for sitting quiet
in meditation), written between the tenth and four-
teenth centuries C.E., recorded the technical details
of making, debugging, and controlling the clocks.

Zhang Zhihe, a Daoist who lived during the
Tang Dynasty, expounded the phenomenon of du-
ration of vision, as it was called in modern optics.
Later, another Daoist, Tan Qiao, who lived during
the Five Dynasties (907-960), discussed the phe-
nomenon of reflection of plane mirrors. Zhao
Yougqin, a Daoist of the Quanzhen sect who wrote
the famous scientific work Ge Xiang Xin Shu (New
Book on the Investigation of Astronomical Phenom-
ena) in the Yuan Dynasty (1260-1368), conducted
a series of large-scale experiments on geometric
optical problems, such as rectilinear propagation of
light, hole imaging, and intensity of illumination.
He came to correct conclusions in these fields two
centuries earlier than Galileo Galilei (1564—1642).
His rough conclusion that “illumination intensifies
as the intensity of light source enhances, but de-
creases as the image distance increases” appeared
four hundred years earlier than Lambert’s formula
of qualitative illumination published in 1760, ac-
cording to which “illumination is in reverse pro-
portion to distance squared.” In the early years of
the nineteenth century, there were still Daoist be-
lievers in Guangzhou who studied with an open
mind both the traditional Daoist theory of sphere-
heavens and modern European astronomy.

In order to avoid losses in their alchemical ex-
periments and for many other religious purposes,
Daoists conducted weather observation and fore-
cast. Their scripture Yu Yang Qi Hou Qin Ji (The
near forcasting of the weather of rain or fine) ana-
lyzed scientifically the causes of wind and rain and
recorded in terse but vivid verses their observa-
tions, which conform with modern meteorological



science. They even provided various types of
“cloud pictures” in the text.

Daoists not only explored but also wanted to
navigate the heavens. The “flying vehicle made of
jujube heart timber,” recorded by Ge Hong in his
Bao Pu Zi Nei Pian and regarded as the earliest de-
sign for a propeller aircraft, reveals the Daoist
knowledge of the aerodynamic principles of flight.
Modern scientists have recreated the vehicle ac-
cording to Ge Hong’s records and testified it to be
technically reasonable. Ge Hong added that when
rising to a height of forty /i (about 12.44 miles)
into the heavens, one can reach the outer space of
taiqing (super clarity), where the air is powerful
enough to support flying objects, helping them to
fly naturally by inertia instead of motive forces.
This is close to the law of First Cosmic Velocity in
the modern science of astronautics. In the fourth
century C.E., a hermit Daoist named Wang Jia
wrote S$hi Yi Ji (Record of gleaning), in which he
claimed that once there had been a huge space
aircraft named Cha ridden by the immortals. This
aircraft used the sea as its base for launching and
landing, and it continually navigated around the
four seas, making a circuit every twelve years.

With the invention of gunpowder and the sub-
sequent emergence of applied techniques for the
control of its explosive power, the idea arose of
using it as a rocket propellant. In the fifteenth cen-
tury, an official of the Ming Dynasty named Wan
Hoo conducted and died in the first attempt at
manned rocket flight in human history—propelled
by forty-seven gunpowder rockets. A Daoist biog-
raphical text formally printed in 1909 includes a
description of a Daoist beauty who launched her
aircraft into the heavens from a silo by means of a
propellant compounded from cyprinoid fat.

Daoists were responsible for rich scientific
achievements in many other fields, including cos-
mology, uranography, calendar making, geogra-
phy, geology, mineralogy, botany, zoology, phar-
maceutics, architecture, porcelain production, dye
making, wine making, zymurgy, cerebral science,
acoustics, wushu, sex hygiene, strategics, and psy-
chology. Because the impetus for scientific explo-
ration comes for Daoists from their religious belief
in immortality, their science was inevitably bound
by the ideas, purposes, and the historical develop-
ment of Daoism. Therefore, it was impossible for
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science to gain an independent and deep develop-
ment within the Daoist framework. Yet the re-
markable achievements of Chinese science were
also enabled and inspired by the Daoist interpreta-
tion of reality.

See also DAO
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CHINESE RELIGIONS,
HISTORY OF SCIENCE AND
RELIGION IN CHINA

The terms religion and science, which were intro-
duced to China in the seventeenth century by Jesuit
missionaries, are controversial in a Chinese context.
Religion in Chinese is jiao (systems of teachings
and beliefs); in this sense, Chinese religions include
Confucianism, Daoism, Buddhism, and the reli-
gions of antiquity. Whether Confucianism has a re-
ligious dimension is debatable, but Daoism cer-
tainly qualifies as a religion. Since Buddhism came
from India, its religious character is quite different
from those of Confucianism and Daoism. As for the
term science, the very notion of a “Chinese science”
is problematic. The modern concept of science
cannot be used to measure ancient Chinese ideas,
theories, studies, or inventions because doing so
would misrepresent the merits of traditional science
in Chinese culture. It cannot be denied that there
were great inventions in ancient Chinese history,
including gunpowder, the compass, paper making,
and the art of printing. However, these inventions
did not lead to modern scientific discoveries, and
thus there is a gap between traditional Chinese sci-
ence and modern Chinese science. In fact, modern
Chinese science has been a recent development in
response to the Western world.

Religion and science in ancient China

During the Shang dynasty (1766-1122 B.C.E.), an-
cient Chinese people believed that their ancestors,
upon death, would continue to exist in heaven, the
home of the divine ruler or lord on high (Shang-ti),
and from heaven they could influence human af-
fairs. According to oracle bones that were discov-
ered at the end of the nineteenth century in Anyang
in northern China, Shang-ti watches over human
society and regulates the workings of the universe.
In view of the close relationship between religious
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worship and family clans, it is possible that Shang-
ti was the chief god of the ruling family clan. Thus,
the ascendancy of Shang-ti in religion closely par-
allels the political ascendancy of the family clan
that practiced the cult of Shang-ti. Beneath him are
a number of lesser deities of the sun, moon, stars,
wind, rain, and particular mountains and rivers.

The oracle bones, which were made from tor-
toise shells or the shoulder blades of oxen, bore in-
scriptions written by the Yin or Shang people for
purposes of divination. Yin people believed that
dead animals had the power to contact divine fig-
ures, including the ancestors of humans, in the
spiritual world. Divination rituals were performed
by three groups of functionaries: persons who
posed the questions; persons in charge of the ritual
itself, which included cracking the oracle bones
with heated bronze rods or thorns; and persons
who interpreted the resulting patterns of the
cracks. In the case of royal divination, official
recorders or archivists also took part. After the fall
of the Shang dynasty, people who lived during the
early years of the Chou dynasty (1122-1249 B.C.E.)
continued to practice divination using shells and
bones, then the practice died out.

Divination presupposes a belief in spirits and
their power to protect the living. Ancient Chinese
people believed that the cosmos consists of three
levels: heaven above, the dwelling place of the
dead below, and the Earth in between them. When
people die, the “upper soul” (the psyche) rises up
to heaven while the “lower soul” (the physical
body and emotions) descends to the underworld.
Ancestors of the royal family were considered to
be the most powerful among the dead on account
of their special relationship with the gods. It was
believed that they dwell in high heaven in the
company of the gods, where they continue to have
power over the living, either to protect and bless
them or to punish and curse them.

From the inscriptions on oracle bones, scholars
know not only the divination activities but also the
scientific activities of Yin people. Oracle bones
record eclipses and novae, as well as names of
stars and constellations. They show that Yin peo-
ple used a lunar calendar with twelve yues (moons
or lunar months) in one lunar year. Each lunar
month consisted of twenty-nine or thirty days, and
every two or three years one extra month, known
as the intercalary month, was added to keep the
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lunar year in step with the corresponding solar
year. Numerals found on oracle bones also indicate
that Yin people used a decimal system.

In the Warring States period (480-381 B.C.E.),
the disciples of Mo Zi (479-381 B.C.E.) made great
contributions to natural science, especially in the
areas of statics, hydrostatics, dynamics, and optics.
Mohist physicists understood that light travels in
straight lines. By using fixed light sources, screens
with pinhole apertures, and possibly the camera
obscura, they were able to study the formation of
inverted images and the idea of the focal point.

Confucianism

Confucianism is the English word for Ru-jia
(School of Scholars), which was founded by the
philosopher and teacher Confucius (551-479
B.C.E.). The name Confiucius is the Latinized form
of Kong Fu-tzu, a respectful way of addressing the
master. Kong was his family name. Confucius lived
in a time when the empire was fragmenting into
numerous feudal states. It was a time of change,
disorder, and degeneration of the traditional moral
and political order. Confucius can truly be said to
have molded Chinese civilization to a great extent.
The central concept of his teaching is jen, a word
that literally means the relationship of two persons,
and Confucius’s teachings focus on human inter-
personal relationships. It is a humanistic approach
to philosophical thinking. Jen is associated with
loyalty (zbong), that is, loyalty to one’s own heart
and conscience. Jen is also related to reciprocity
(shw), that is, respect of and consideration for oth-
ers. Confucius did not care to talk about spiritual
beings or even about life after death. Instead, he
believed that human beings “can make the Way
(Dao) great,” and not that “the Way can make man
great” (Analects 15:28). Although his teachings
concentrate on human beings, Confucius’s primary
concern is good society based on good govern-
ment and harmonious human relations. To this end
he advocated a good government ruled by virtue
and moral example rather than by punishment or
force. His criterion for goodness is righteousness as
opposed to profit. It is the ideal of a sage or a su-
perior person to apply this inner morality to the
outside world. Such an approach is called nei-
sheng wai-huang, or sagacity within and kingliness
without. The opposite of a sage is an inferior man.

The Confucian sage does not withdraw from
the business of the world. In his inner sagacity, he
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accomplishes spiritual cultivation; in his outward
kingliness, he functions in society. It is not neces-
sary for the sage to be the actual head of the gov-
ernment in his society. From the standpoint of
practical politics, a Confucian sage usually had lit-
tle chance of becoming the head of the state in
Chinese history before the twentieth century. The
saying “sagacity within and kingliness without”
means only that he who has the noblest spirit
should, theoretically, be king. A student of Confu-
cius once asked him: “If a ruler extensively confers
benefit on the people and can bring salvation to
all, what do you think of him? Would you call him
a man of humanity?” Confucius replied: “Why only
a man of humanity? He is without doubt a sage.
Even Yao and Shun [legendary emperors before
the Shang dynasty] fall short of it. A man of hu-
manity, wishing to establish his own character, also
establishes the character of others, and wishing to
be prominent himself, also helps others to be
prominent. To be able to judge others by what is
near to ourselves may be called the method realiz-
ing humanity” (Analects 6:28).

Confucianism emphasizes not just social be-
havior. It confers definite importance on rituals, in-
cluding religious rituals, and has even been called
a “ritual religion” (/i-jiao). The Chinese word for
ritual is related to the word worship or sacrificial
vessel with definite religious overtones. The Confu-
cian emphasis on political responsibility explains
why during much of Chinese history Confucianism
served the function of a civil religion. From the
Han dynasty (206 B.C.E.—220 C.E.) on, an elaborate
state cult was developed. It has been, rightly or
wrong, attributed to Confucian teachings, which
include expressions of very ancient beliefs in a
supreme deity.

Daoism

Daoism as religion can be traced back to ancient
China, especially to Lao-tzu (¢. 604-490 B.C.E.) and
Chuang-tzu (c. 369-286 B.C.E.). However, the Dao-
ists reinterpreted the teachings of their religion rad-
ically in later centuries. In the third century C.E.,
the first legendary emperor of ancient China,
Huang-di (the Yellow Emperor), was worshiped
together with Lao-tzu as Huang-Lao in a cult that
involved pursuing immortality and changing base
metals into gold. From that time on, the Daoist re-
ligion identified with the quest for immortality, in-
cluding physical immortality, through the search
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for elixirs in alchemy and through yogalike exer-
cises. Elixirs frequently contained toxic com-
pounds derived from mercury, lead, sulfur, arsenic,
and so on, certain to cause poisoning. If metallic
poisoning might bring death, there was also the
hope that such death was temporary, as a neces-
sary phase in the quest for eternal life. Although
mercuric and lead compounds can be fatal when
swallowed, they are also known to have preserva-
tive powers. It may be that Daoists believed the
power of faith would protect their physical bodies
from corruption, so that their souls would remain
with their bodies and eventually attain immortality
together.

The strong idea of elixir alchemy for eternal
life contributed to traditional Chinese medicine,
while yogalike exercises contributed to health care.
Yoga techniques are based on the theory of inter-
action between body and spirit and the possibility
of controlling one’s mental state by manipulating
one’s body.

Daoism, according to some scholars, is the folk
religion of Chinese people. Unlike Confucianism,
Daoism seeks to guide its believers beyond this
transitory life to a happy eternity. Daoists believe
in an original state of bliss, which is followed by
the present human condition, the fallen state.
Daoists also rely on supernatural powers for help
and protection.

Daoists believe in a supreme emperor deity
called Yu-huang-da-di, who governs over a heav-
enly universe of deities and immortals, many of
them famous historical figures. The Daoist religion
offers its doctrines of the cosmos and the cosmic
process and harmony, tracing all back to the great
ultimate (fai chi) and to the interactions of the two
great modes of yin and yang. Yin, the great femi-
nine mode, denotes all figures, things, and proc-
esses of negativity, passivity, staticity, and conceal-
ment. Yang, the great masculine mode, denotes all
figures, things, and processes of positivity, activity,
dynamism, and manifestation. Yin and yang are the
basic principles for classification and explanation in
traditional Chinese daily life, science and technol-
ogy, medicine, and philosophy. With such unique
categories, a truly traditional “Chinese science” is
very different in character from a Westernized sci-
entific enterprise in modern China.

Daoists do not conceive of eternal life in terms
of spiritual immortality alone. They anticipate the
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survival of the whole person, including the body.
The means by which Daoism pursues immortality,
which should enable immortality to be realized in
this life on Earth, are empirical and congenial to
the geographical environment, to health care, and
to elixir alchemy. Thus, the influence of Daoism on
the development of traditional “Chinese science” is
substantial.

Mohism

In Chinese, a follower of Confucianism is called a
ru. The ru and the hsieh (knights errant) originated
as specialists attached to the houses of the aristo-
crats and were themselves members of the upper
classes. In later times the ru continued to come
mainly from the upper or middle classes, but the
hsiebh were more frequently recruited from the
lower classes. In ancient times, such social ameni-
ties as rituals and music were exclusively for aris-
tocrats; for the common person, therefore, rituals
and music were luxuries that had no practical util-
ity. It was from this vantage point that Mo Zi and
the Mohists, who came from the hsieb class, criti-
cized the traditional institutions, including Confu-
cius and Confucianism.

Unlike Confucius, Mo Zi believed in a personal
God and the existence of spirits, and he submitted
himself to the will of God. He saw his mission as
rescuing the people from suffering, and he pro-
claims the all-embracing love. He and his followers
explored science and technology so they would
have the skills they needed to put their ideas into
practice.

The school of Mohism introduced epistemol-
ogy, as well as formal, abstract, and geometrical
notions such as a dimensionless geometrical point
in space and time. According to Mohist epistemol-
ogy, the knowing faculty must be confronted with
an object of knowledge. The human mind inter-
prets the impressions of external objects, which
are brought to it by the senses. The Mo Jing (Book
of Mohism) provides various logical classifications
of knowledge. For example, names are classified
into three kinds: general, classifying, and private.
The knowledge of correspondence is that which
knows which name corresponds to which actual-
ity. Such knowledge is required for the statement
of a proposition like “This is a table.” When one
has this kind of knowledge, one knows that
“names and actualities pair with each other” (Mo
Jing, Ch. 42).
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Mohists also touch on atomic theory in their
discussion of the strengths of materials, but they
never articulate it clearly or develop its conse-
quences. The Mo Jing also contains some remark-
able statements about the study of motion. Though
ancient Chinese scientists accomplished little in the-
oretical dynamics, they did consider forces in some
detail, and they appear to have come remarkably
close to the principle of inertia as stated by Isaac
Newton (1642-1727). Mohists also investigated the
relativity of motion, motion along inclined planes or
slopes, and particular problems of moving spheres.
Unfortunately, Mohism disappeared during the first
century B.C.E., and its important scientific findings
were only rediscovered in the twentieth century.

Cosmology

During the first century B.C.E., an impressive cos-
mology arose in China. “Before heaven and earth
had taken form all was vague and amorphous.
Therefore it was called the Great Beginning. The
Great Beginning produced emptiness, and empti-
ness produced the universe. The universe pro-
duced material-force, which had limits. That which
was clear and light drifted up to become heaven,
while that which was heavy and turbid solidified to
become earth” (Huai-nan Tzu 3:1a). This cosmol-
ogy is different from that of Buddhism, for Bud-
dhists maintain that the origin of the universe
comes from the blind consciousness that is no re-
ality. Daoism, however, maintains that the origin of
the universe lies with the great ultimate (tai chi),
which is also called wu (literally, nothingness or
nonbeing). The tai chi emblem, which consists of
a circle with an s-shaped curve dividing it into two
complementing black and white regions, repre-
sents respectively the yin and yang as two great
modal forces of the cosmos in mutual interpene-
tration. Each region being punctured in the middle
by a dot of the opposite region, further underscor-
ing this dialectical interpenetration. It is meant to
be an empirical sign of the origin of the universe.

The cosmology of Confucianism is explained
by the Tai-chi-t'u-shuo (An explanation of the di-
agram of the Great Ultimate) by Chou Tun-i, a
scholar who lived during the Sung (Song) dynasty
(960-1297 c.E.) and a pioneer of neo-Confucian-
ism. Although Chou Tun-i may have obtained his
diagram from a Daoist priest, it is unlike any dia-
gram of the Daoists. For Chou Tun-i, the great ul-
timate is an abstract principle that is the ultimate
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metaphysical reality. In his explanation, the myriad
things are created through the evolutionary proc-
ess of creation from the great ultimate through the
dialectical interaction of the passive cosmic force,
yin, and the active cosmic force, yang. Chou Tun-i
faithfully followed the Book of Changes or I-ching
rather than Daoism. He assimilated the Daoist
concept of nonbeing with Confucian thought, but
in so doing he discarded the fantasy and mysticism
of Daoism. This diagram of Chou Tun-i has been
described as a cosmology of creation without
a creator.

In his diagram he said that the ultimate of non-
being is also the great ultimate (tai chi). The great
ultimate generates yang through movement. When
its activity reaches its limit, movement turns into
tranquility. The great ultimate generates yin
through tranquility. When tranquility reaches its
limit, activity begins again. So movement and tran-
quility alternate and become the cause of each
other, giving rise to the distinction of yin and yang,
and the two modes are thus established. By the
transformation of yang and its union with yin, the
five agents, elements, or phases of metal, wood,
water, fire, and Earth arise. When the material
forces of these five agents are distributed in har-
monious order, the four seasons run their course.
The creating order is called Dao (the Way), which
governs not only the Earth but also human life and
society. Following the Dao should be the purpose
of all one’s activities, including governmental, so-
cietal, familial, and personal ones. Thus, Dao as
the most fundamental principle or cosmological
law is objective and natural.

Other sciences in Chinese history

Astronomy. There was no distinction between
astronomy and astrology in traditional China. The
oracle bone inscriptions include records of
eclipses, novae, and names of stars and some con-
stellations, and star catalogs were produced during
the Warring States period. The earliest extant Chi-
nese documents on astronomy are two silk scrolls
discovered in 1973 in the Mawangdui tombs in
Changsha in the Hunan province. One of them, the
Wuxingzhan (Astrology of the five planets), which
was written between 246 and 177 B.C.E, contains
records of Jupiter, Saturn, and Venus, the accuracy
of which suggests the use of an armillary sphere
for measurement. An important role of Chinese as-
tronomy was calendar calculation. Every emperor
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regarded calendar making as one of his duties as-
sociated with the mandate that he received from
heaven. The calendar, issued in the emperor’s
name, became part of the ritual paraphernalia that
demonstrated his dynastic right to rule. Astrological
observations could easily be manipulated and thus
could be dangerous in the hands of someone try-
ing to undermine the current dynasty. It was there-
fore a principle of state policy that the proper
place to conduct astronomical studies was the im-
perial court. During certain periods it was illegal to
do it elsewhere. Thus, an ancient scientific pursuit
such as astronomy was deeply embedded in the
social matrix of ancient China, although Chinese
astronomy could not be pursued as an independ-
ent activity like its modern western counterpart.

Medicine. Classical Chinese medicine has often
been represented as an empirical science that is
based on the clinically sound use of effective natu-
ral drugs and other remedies. Scientific theories
served primarily as mnemonic devices or as mysti-
fication to confuse the untrained. Some scholars
portray classical Chinese medicine as a corpus of
theory-based adaptations of the yin-yang and five-
agents concepts. As such, the body was understood
as a multilevel interconnected system, and illnesses
were treated holistically. The most famous medical
texts were compiled before the Qin period (before
211 B.C.E.) and completed during the Han dynasty.
Among extant texts, the most important are
Huangdi Neijing (Yellow Emperor’s inner canon)
and Shennong Bencao Jing (Divine husbandry’s
classic of herbology), which laid the foundation for
clinical science with definite treatment and diag-
nostic principles. Chinese pharmacology also re-
veals outstanding achievements during this period.
Shennong’s Classic of Herbology presents many ef-
fective remedies. It also provides the theoretical
basis of drug use, as well as the collection, preser-
vation, and mixing of herbs, and their methods of
administration.

From the second century C.E. onward, medical
disciplines were professionalized. Clinical medi-
cine developed greatly from the third to the tenth
centuries. The Zoubou Beiji Fang (Handbook of
prescription for emergency) in the fourth century
includes information on smallpox and a treatment
for hydrophobia that used the brain tissue of a
mad dog. The academic standard of Chinese med-
icine was further upgraded during the Ming and
Qing dynasties (1368-1911 C.E.). A new medical
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school was established to study acute infections,
and researchers there successfully tackled many in-
fectious diseases, including B-encephalitis, acute
viral hepatitis, and other viral diseases.

Chinese medicine never produced a detailed
and accurate picture of anatomy and physiology.
The philosophical concept of yin-yang was the
basic theory for interpreting complex relationships
between the upper and lower emotions, the inner
basis and the outer