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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

vii
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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
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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;
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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

Bibliographby
Berlinski, David. The Advent of the Algorithm: The Idea
That Rules the World. New York: Harcourt Brace, 2000.

Hodges, Andrew. Alan Turing: The Enigma. New York:
Simon & Schuster, 1983.

Leibniz, Gottfried Wilhelm. Theodicy, ed. Austin Marsden
Farrer. LaSalle, Ill.: Open Court, 1985.

Rogers, Hartley. Theory of Recursive Functions and Effec-
tive Computability. Cambridge, Mass.: MIT Press, 1987.

Turing, Alan M. Collected Works of A. M. Turing: Mechani-
cal Intelligence, ed. Darrel. C. Ince. Amsterdam and
London: North Holland, 1992.

WILLIAM A. DEMBSKI

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

ALTRUISM

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

ANTHROPIC PRINCIPLE

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



ANTHROPOLOGY

Bibliograpby
Naess, Arne. “The Shallow and the Deep, Long-Range
Ecology Movements.” Inquiry 17 (1973): 95-100.

Naess, Arne. Ecology, Community and Lifestyle. Outline of
an Ecosophy. Trans. and rev. David Rothenberg. Cam-
bridge, UK: Cambridge University Press, 1989.

Sessions, George, ed. Deep Ecology for the Twenty-first
Century. Boston: Shambhala, 1995.

Warren, Karen J., ed. Ecological Feminist Philosophies.

Bloomington: Indiana University Press, 1996.

Zimmerman, Michael E., ed. Environmental Philosophy.
From Animal Rights to Radical Ecology. Upper Saddle
River, N.J.: Prentice-Hall, 1998.

ROALD E. KRISTIANSEN

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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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
knowledg