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PREFACE

Andrew Dickson White’s 4 History of the Warfare of Science with Theology in Christendom (1896) was
published just over a century ago. In it White argued that Christianity had a long history of opposing
scientific progress in the interest of dogmatic theology. White’s thesis, supported by John William Draper in
his History of the Conflict between Religion and Science (1874), struck a responsive chord in American
thought, which was, at the turn of the twentieth century, increasingly committed to a secular outlook and to
recognizing the central role that science played in modern society. The Draper-White thesis, as it has come
to be known, was enormously influential among academics. During much of the twentieth century, it has
dominated the historical interpretation of the relationship of science and religion. It wedded a triumphalist
view of science with a dismissive view of religion. Science was seen to be progressing continually,
overcoming the inveterate hostility of Christianity, which invariably retreated before its awesome advance.
Popular misconceptions doubtless underlay the widespread presumption that religion was, by its very nature,
opposed to science. Based on faith, religion seemed bound to suffer when confronted by science, which was,
of course, based on fact.

While some historians had always regarded the Draper-White thesis as oversimplifying and distorting a
complex relationship, in the late twentieth century it has undergone a more systematic reevaluation. The
result has been the growing acknowledgment among professional historians that the relationship of religion
and science has been a much more positive one than is usually thought. While popular images of
controversy continue to exemplify the supposed hostility of Christianity to new scientific theories, a number
of studies have shown that Christianity has sometimes nurtured and encouraged scientific endeavor, while
at other times the two have coexisted without either tension or attempts at harmonization. If Galileo and the
Scopes Trial come to mind as examples of conflict, they were exceptions rather than the rule. In the words
of David C.Lindberg, writing on medieval science and religion for this volume:

There was no warfare between science and the church. The story of science and Christianity in the
Middle Ages is not a story of suppression, nor one of its polar opposite, support and encouragement.
What we find is an interaction exhibiting all of the variety and complexity that we are familiar with in
other realms of human endeavor: conflict, compromise, understanding, misunderstanding,
accommodation, dialogue, alienation, the making of common cause, and the going of separate ways
(p. 2606).

What Lindberg writes of medieval Europe can be said to describe much of Western history. The recognition
that the relationship of science and religion has exhibited a multiplicity of attitudes, which have reflected
local conditions and particular historical circumstances, has led John Hedley Brooke to speak of a “complexity
thesis” as a more accurate model than the familiar “conflict thesis.” But old myths die hard. While Brooke’s
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view has gained acceptance among professional historians of science, the traditional view remains strong
elsewhere, not least in the popular mind.

The purpose of this volume is to provide a comprehensive survey of the historical relationship of the
Western religious traditions to science from the time of the Greeks of the fifth century before Christ to the
late twentieth century. The editors’ decision to limit the volume’s coverage to the West reflects both our
own professional backgrounds and our belief that, underlying the diversity of the several streams that have
fed Western civilization, there exists a basic substratum, formed by the West’s dual heritage of the classical
world of Greece and Rome and the monotheistic traditions of Judaism, Christianity, and Islam. The more
than one hundred articles that we have commissioned demonstrate that, within that heritage, science and
religion have enjoyed a varied and multifaceted association. From the beginning, the editors intended to
produce a volume that would provide a convenient summary of recent historical scholarship. In assigning the
articles, we have been fortunate in enlisting the cooperation of many of the leading scholars in the field.

Our contributors have been drawn from a variety of backgrounds. No single point of view—in respect to
either religion or historical interpretation—can be said to monopolize these pages. While many of our
contributors share the view of the editors that the historical relationship of science and religion has been a
complex one—sometimes harmonious, sometimes conflictive, often merely coexisting—others retain a less
benign view of Western religions as they have interacted with science. Moreover, readers will find some
overlap in the subjects treated. Rather than strive vigorously to avoid duplication, we have commissioned
several essays that deal with different aspects of the same subject. Our desire throughout has been that each
article should provide a comprehensive treatment of its subject.

It hardly needs to be said that this volume adopts a historical approach to the subjects it treats. We have
attempted to avoid imposing presentist and essentialist approaches, which have too often distorted the
modern understanding of both religion and science of the past; hence our inclusion of the occult sciences, for
example, which would not fall under the rubric of science today. Science has long enjoyed a kind of
privileged reputation as empirically based and, therefore, rigorously objective. By contrast, it has been
widely recognized that religious traditions are neither monolithic nor static. They have developed over time
and reflect the diverse circumstances of their geography and culture. Less well known is the fact that
definitions and conceptions of science, too, have changed over the centuries. Indeed, they continue to arouse
vigorous debate in our own day. “Science,” wrote Alfred North Whitehead, “is even more changeable than
theology” (Science and the Modern World. 1925. Reprint. New York: New American Library 1960, 163). If
the historical landscape is littered with discarded theological ideas, it is equally littered with discarded
scientific ones. Failure to understand this historical reality has led those who see the march of science as one
of inexorable progress to view controversies between science and religion as disputes in which (to quote
Whitehead again) “religion was always wrong, and...science was always right. The true facts of the case are
very much more complex, and refuse to be summarised in these simple terms” (ibid., loc. cit.).

Recognition that both science and religion are historically conditioned does not necessarily imply a
relativist point of view. It does, however, at least require an awareness of the cultural factors that are
imposed on all societies, ideas, and disciplines, including, of course, our own. It demands a view of the past
that is neither patronizing nor disparaging but capable of appreciating the power of ideas that we do not
share or that have fallen out of fashion in our own day. If the study of the intersection of religion and
science demonstrates anything, it is the enduring vitality and influence of some of the most basic concepts of
the Western world—religious, philosophical, and scientific—which retain their ability to shape ideas and
inform our culture in the twenty-first century.

Gary B.Ferngren
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PART I

The Relationship of Science and Religion
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THE HISTORIOGRAPHY OF SCIENCE AND RELIGION
David B.Wilson

The history of science and religion has been a contentious subject. In addition to the usual scholarly
disputes present in any academic area, this historical subject has been enmeshed in more general
historiographical debates and influenced by the religious or antireligious beliefs of some historians. After
considering some basic issues, this essay discusses several works written during the previous century and a
half, while focusing on the last fifty years. Recent decades have seen a radical shift in point of view among
historians of science.

Although historians have espoused various approaches to the past, it will make our subject more
manageable if we concentrate on the polar opposites around which views have tended to cluster. One
approach has been to examine past ideas as much as possible in their own context, without either judging
their long-term validity or making the discussion directly relevant to present issues. Another approach has
been to study past ideas from the perspective of the present, taking full advantage of the hindsight provided
by later knowledge to judge which ideas have proven to be valid. The second approach has apparent
advantages. It does not exclude current knowledge that can assist us in the historical task. It also keeps
present issues to the fore by insisting that historians draw lessons from the past that are relevant to current
issues. However, historians have tended to regard the second approach as precariously likely to lead to
distortion of the past in the service of present concerns. Dismissing this as “presentism,” therefore, historians
of science have come to favor the first, or contextualist, approach.

Whichever method historians use, they might reach one of several possible conclusions about the
historical relationship between science and religion. Conflict, mutual support, and total separation are three
obvious candidates. One of these models might long have predominated, or the relationship might have
changed from time to time and place to place. The discovery of conflict might raise the further questions of
which side emerged victorious and which side ought to have done so. The discovery of mutual support
might lead to the question of whether either science or religion contributed to the other’s continued validity
or even to its origin.

The Conflict Thesis

The most prominent view among both historians and scientists in the twentieth century has been a presentist
conflict thesis that argues as follows. To engage in the history of science, one must first know what science
is. It is certainly not religion, and, indeed, it is quite separate from religion, as can clearly be seen in science
as practiced in the modern world. The historian of science, then, should properly examine the internal
development of the scientific ideas that made modern science possible (that is, to the exclusion of such
external factors as religion). The proponents of some ideas in the past were closer to the right track in this
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process than others. Those who expanded the realm of religion too far were on the wrong track, so that
religion improperly intruded on the realm of science. In such instances, conflict ensued between science and
religion, with scientific advances eventually making the truth clear to all and invariably (and rightly)
emerging victorious. The historical process need not have occurred in this way, but it so often did that
conflict has been the primary relationship between science and religion. Sciences best-known victories were
those of Copernicanism and Darwinism. Presentism, internalism, and the conflict thesis coalesced into a de
facto alliance, with the result that the conflict model is still widely accepted by academics (historians and
scientists alike), though generally no longer by historians of science. A gulf in point of view thus marks the
immediate setting of any scholarly treatment of the subject for a popular audience.

That this alliance was not a necessary one can be seen in the work of William Whewell (1794-1866), the
most prominent historian of science during the first half of the nineteenth century. Known today primarily
as a historian and philosopher of science, Whewell was, first of all, a mathematical physicist, but also an
Anglican clergyman and a moral theorist. His philosophy of science featured a series of what he called
“fundamental ideas” (like the idea of space) that, as part of man’s mind created in the image of God, figured
crucially in scientific knowledge of God’s other creation, nature. Moral knowledge was structured similarly.
Both moral and scientific knowledge were progressive. Scientists, for example, gradually became aware of
the existence and implications of fundamental ideas. The study of history, that is, disclosed (a sometimes
lurching) progress toward the present or, at any rate, Whewell’s particular version of the present. Great
scientists, such as Isaac Newton (1642—1727), were both intellectually strong and morally good.

Whewell did not think that conflict between science and religion had been especially significant
historically, nor, indeed, was it in Whewell’s own day. From his vantage point, he could give medieval
science the uncomplimentary epithet “stationary” for several reasons that did not particularly include
religious repression. The Roman Catholic Church had acted against Galileo (1564—1642), to be sure, but,
for Whewell, that episode was an aberration. A tightly knit, biblical-historical-philosophical-moral-
scientific-theological unity was manifested in Whewell’s major, mutually reinforcing, books: History of the
Inductive Sciences (1837), Foundation of Morals (1837), Philosophy of the Inductive Sciences (1840), and
Elements of Morality (1845).

John William Draper (1811-82), author of History of the Conflict Between Religion and Science (1874),
and Andrew Dickson White (1832—1918), author of The Warfare of Science (1876) and 4 History of the
Warfare of Science with Theology in Christendom (1896), lived in an age that was different from
Whewell’s. While the Darwinian debates of the 1860s preceded Draper’s book, what really alarmed him
during that decade was the formulation of the doctrine of papal infallibility and the Roman Catholic
Church’s pronouncement that public institutions teaching science were not exempt from its authority. In his
History, Draper depicted these developments as merely the latest phase in a long history of “the expansive
force of the human intellect,” in conflict not with religion generally, but with that “compression” inflicted
by Catholicism. White developed and first published his views at about the same time as Draper. White’s
insights stemmed from his presidency of the new Cornell University, which was founded as a secular
institution that stood in sharp contrast to the traditional religious sponsorship of colleges and universities.
The withering criticism and innuendo directed at him personally by some religious figures led eventually to
the writing of his books. Like those of Draper, White’s books did not condemn all religion. They attacked what
White called “that same old mistaken conception of rigid Scriptural interpretation” (White 1876, 75). White
proclaimed that whenever such religion sought to constrain science, science eventually won but with harm
to both religion and science in the process. Science and “true religion,” however, were not at odds.

Had Whewell still been alive, White and Draper might have told him how their circumstances had helped
them improve on his writing of history. Unlike Whewell, they believed that they had stood in the shoes, as
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it were, of those who had been persecuted. White seemed especially to identify with Galileo. Their
improved awareness had, they thought, enabled them to observe factors that he had overlooked. In any case,
their books were highly influential. Moreover, it was not their whispered qualifications but their screaming
titles that were to thunder through the decades, remaining audible more than a century later.

Differences of opinion did not seem to alter what was to become the widely current views of Draper and
White. In Metaphysical Foundations of Modern Physical Science (1924), E.A.Burtt argued that the
foundations of science were often theological. Galileo’s God, for example, labored as a geometrician in
creating the world, with the result that man, who knew some mathematics as well as God did, was capable of
grasping nature’s essential mathematical logic. In Science and the Modern World (1926), Alfred North
Whitehead maintained that the origin of modern science depended upon medieval theology, which had long
insisted on God’s rationality and hence also the rationality of his creation. Yet, in the 1930s, when his
research suggested that seventeenth-century English Puritanism had fostered science, Robert K.Merton
found that prevailing scholarly opinion, which had been shaped by the books of Draper and White, held that
science and religion were inherently opposed and necessarily in conflict. Of course, the 1920s were the
decade not only of Burtt and Whitehead, but also of the Scopes trial, which was generally interpreted as yet
another in a long series of confrontations between science and religion. Also, during the 1920s and 1930s
(and for some time afterward), the still undeveloped discipline of the history of science was pursued mainly
by men trained in the sciences, who found presentist internalism a natural point of view.

Reaction to the Conflict Thesis

The Whig Interpretation of History (1931), written by the young general historian Herbert Butterfield, was
eventually to influence the history of science deeply. Butterfield argued that historians had tended to be
Protestant in religion and Whig in politics. They liked to divide the world into friends and enemies of
progress—progress, that is, toward their own point of view. History was thus peopled by progressives and
reactionaries, Whigs and Tories, Protestants and Catholics. Whig historians made the mistake of seeing
Martin Luther, for example, as similar to modern Protestants rather than, as was actually the case, closer to
sixteenth-century Catholics. By reading the present into the past in this way, Whig historians ratified the
present, but only by misshaping the past. A better way was to assume that the sixteenth century was quite
different from the twentieth and to explore the sixteenth century on its own terms, letting any similarities
emerge from historical research rather than from prior assumption.

Butterfield’s Origins of Modern Science (1949) applied this methodology to the history of science,
including the relationship between science and religion, during the scientific revolution. By not viewing
scientists of the past as necessarily similar to modern scientists, it was possible to reach historical insights
quite different from those of, say, Whewell or White. Overall, the scientific revolution resulted not from
accumulating new observations or experimental results, but from looking at the same evidence in a new
way: It was a “transposition” in the minds of the scientists. The alleged revolutionary Copernicus (1473—
1543) could now be understood as a “conservative,” much akin to the Greek astronomers with whom he
disagreed. Religion was not necessarily either opposed to or separate from science in the modern sense but
could, in principle, be viewed in any relationship, depending on the historical evidence. Reading the
evidence in a non-Whiggish way, Butterfield saw variety. There was, to be sure, theological opposition to
the Copernican system, but it would not have been very important if there had not also been considerable
scientific opposition. Even Galileo did not actually prove the earth’s motion, and his favorite argument in
favor of it, that of the tides, was a “great mistake.” Christianity favored the new mechanical worldview
because it allowed a precise definition of miracles as events contrary to the usual mechanical regularity.
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Newton’s gravitational theory required God’s continued intervention in the universe he created, and one of
Newton’s possible explanations of gravity “made the existence of God logically necessary” (Butterfield
1949, 157). Butterfield’s Christianity and History (1949) made his own Christian faith explicit, but his
religious views did not make Origins of Modern Science into a Christian tract, though they guaranteed that
Christian factors received a fair hearing.

Whatever the exact influence of Butterfield on them, three books published during the 1950s revealed the
progress of non-Whiggish studies of science and religion during the scientific revolution. Alexandre Koyreé,
influenced by Burtt, had already published studies like “Galileo and Plato” (1943) a few years before
Butterfield’s Origins of Modern Science. In From the Closed World to the Infinite Universe (1957), Koyré
argued that the revolution involved philosophy and theology as well as science and that all three dimensions
of thought usually existed in “the very same men,” such as Johannes Kepler (1571-1630), René Descartes
(1596-1650), Isaac Newton, and Gottfried Wilhelm Leibniz (1646—1716). Koyré thus portrayed the conflict
between Newton and Leibniz, one that involved Leibniz’s stiff opposition to Newton’s gravitational theory,
as primarily a theological conflict. He contrasted Newton’s “work-day God” (who caringly involved
himself in the operation of his universe) with Leibniz’s “God of the sabbath” (who created the world
skillfully enough for it to run by itself). In his The Copernican Revolution (1957), Thomas Kuhn adopted
the “unusual” approach of treating astronomers’ philosophical and religious views as “equally fundamental”
to their scientific ones. For the early Copernicans, at the center of the universe resided the sun, “the
Neoplatonic symbol of the Deity” (Kuhn 1957, 231). Unlike Koyré’s and Kuhn’s books, Richard Westfall’s
Science and Religion in Seventeenth-Century England (1958) examined a variety of better- and lesser-
known men of science (virtuosi) in a particular national context. In general, the virtuosi regarded their
scientific discoveries as confirmation of their religious views, thus answering charges that studying nature
both led man to value reason over revelation and made it difficult to know the nonmaterial side of
existence. While there existed in the seventeenth century a multiplicity of ways to dovetail science and
religion, there was a general movement from revealed religion to a natural theology that prepared the way
for the deism of the next century.

The 1950s witnessed non-Whiggish studies of science and religion, not only in the century of Galileo and
Newton, but in Darwin’s century, too. In his “second look™” in Isis at Charles Gillispie’s Genesis and
Geology (1951), Nicolaas Rupke credited Gillispie with transforming the historiography of geology by
going beyond the great ideas of great men as defined by modern geology to the actual religious-political-
scientific context of British geology in the decades before Darwin’s Origin of Species (1859). Explicitly
rejecting the conflict thesis of Draper and White, Gillispie saw “the difficulty between science and
Protestant Christianity...to be one of religion (in a crude sense) in science rather than one of religion versus
science” (Gillispie 1951, ix). Writing about a period in which geologists were often themselves clergymen,
Gillispie thought “that the issues discussed arose from a quasi-theological frame of mind within science”
(Gillispie 1951, x). At the end of the decade, John Greene published The Death of Adam (1959), an
examination of the shift from the “static creationism” of Newton’s day to the evolutionary views of
Darwin’s. Without making any particular point of rejecting the Draper-White conflict thesis, Greene
nevertheless did so implicitly, calling attention “to the religious aspect of scientific thought” (Greene 1959,
vi) and infusing his book with examples of a variety of connections between religion and science. Thus,
Georges Louis Leclerc, Comte de Buffon (1707-88), was forced to fit his science to the religious views of
the day but found evolution contrary to Scripture, reason, and experience. William Whiston (1667-1752)
employed science to explain scriptural events, rejecting alternative biblical views that were either too literal
or too allegorical. Charles Darwin (1809-82) jousted with fellow scientists Charles Lyell (1797-1875) and
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Asa Gray (1810-88) about the sufficiency of natural selection as opposed to God’s guidance and design in
evolutionary processes.

Christian Foundations of Modern Science

If these notable books of the 1950s rejected the conflict thesis in various ways, two books from the early
1970s went even further, turning the thesis on its head to declare (echoing Whitehead) that Christianity had
made science possible. The first was Reijer Hooykaas’s Religion and the Rise of Modern Science (1972).
The Protestant historian Hooykaas (1906-94) had explored the relations between science and religion for
several years. His Natural Law and Divine Miracle (1959), for example, showed the compatibility of what
he called “a Biblical concept of nature” with nineteenth-century biology and geology. In 1972, he went
further by arguing for a Christian, especially Calvinistic, origin of science itself. After discussing Greek
concepts of nature, Hooykaas concluded that, in the Bible, “in total contradiction to pagan religion, nature is
not a deity to be feared and worshipped, but a work of God to be admired, studied and managed” (Hooykaas
1972, 9). Not only did the Bible “de-deify” nature, Calvinism encouraged science through such principles as
voluntaristic theology, a “positive appreciation” of manual work, and an “accommodation” theory of the
Bible. Voluntarism emphasized that God could choose to create nature in any way he wanted and that man,
therefore, had to experience nature to discover God’s choice. This stimulus to experimental science was
reinforced by the high value that Christianity placed on manual labor. The view that, in biblical revelation,
God had accommodated himself to ordinary human understanding in matters of science meant that
Calvinists generally did not employ biblical literalism to reject scientific findings, particularly Copernican
astronomy.

Stanley L.Jaki’s Science and Creation (1974) also expanded themes that were present in his earlier
chapter “Physics and Theology” in his The Relevance of Physics (1966). Jaki was a Benedictine priest with
doctorates in both theology and physics. His Science and Creation, a book of breathtaking scope, examined
several non-Western cultures before focusing on the origin of science within the Judeo-Christian framework.
Jaki argued that two barriers to science pervaded other cultures: a cyclic view of history and an organic view
of nature. Endless cycles of human history made men too apathetic to study nature. Even when they did,
their concept of a living, willful nature precluded discovery of those unvarying patterns that science labels
natural laws. The Judeo-Christian view, in contrast, historically regarded nature as the nonliving creation of
a rational God, not cyclic but with a definite beginning and end. In this conceptual context (and only in this
context), modern science emerged, from the thirteenth through the seventeenth centuries. Earlier
adumbrations of science were pale, short-lived imitations, doomed by hostile environments. Unfortunately,
Jaki thought, amidst attacks on Christianity in the twentieth century, there had arisen the theory of an
oscillating universe, which was another unwarranted, unscientific, cyclic view of nature. Hence,
consideration of both past and present disclosed the same truth: “the indispensability of a firm faith in the
only lasting source of rationality and confidence, the Maker of heaven and earth, of all things visible and
invisible” (Jaki 1974, 357).

The Continuing Influence of the Conflict Thesis

Despite the growing number of scholarly modifications and rejections of the conflict model from the 1950s
on, the Draper-White thesis proved to be tenacious, though it is probably true that it had been more
successfully dispelled for the seventeenth century than for the nineteenth. At any rate, in the 1970s leading
historians of the nineteenth century still felt required to attack it. In the second volume of his The Victorian
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Church (1970), Owen Chadwick viewed the conflict thesis as a misconception that many Victorians had
about themselves. His The Secularization of the European Mind (1975) presented Draper’s antithesis as the
view to attack by way of explaining one aspect of nineteenth-century secularization. Writing about Charles
Lyell in 1975, Martin Rudwick also deplored distortions produced by Draper and White, arguing that
abandoning their outdated historiography would solve puzzles surrounding Lyell’s time at King’s College,
London. Examining nineteenth-century European thought in History, Man, and Reason (1971), the
philosopher-historian Maurice Mandelbaum rejected what he called “the conventional view of the place of
religion in the thought of the nineteenth century,” which “holds that science and religion were ranged in
open hostility, and that unremitting warfare was conducted between them” (Mandelbaum 1971, 28).

Why did these historians believe that the conflict thesis was sufficiently alive and well to require
refutation? For one thing, even those historians who were most significant in undermining the conflict thesis
did not reject it entirely. Moreover, they made statements that could be construed as more supportive of the
thesis than perhaps they intended. “Conflict with science” was the only subheading under “Religion” in the
index to Gillispie’s The Edge of Objectivity (1960), and it directed the reader to statements that seemed to
support the conflict model. What geology in the 1830s “needed to become a science was to retrieve its soul
from the grasp of theology” (Gillispie 1960, 299). “There was never a more unnecessary battle than that
between science and theology in the nineteenth century” (Gillispie 1960, 347). Even Gillispie’s Genesis and
Geology was criticized by Rudwick in 1975 as only a more sophisticated variety of the “positivist”
historiography of Draper and White. Westfall, in a preface to the 1973 paperback edition of his book, wrote:
“In 1600, Western civilization found its focus in the Christian religion; by 1700, modern natural science had
displaced religion from its central position” (Westfall 1973, ix). Greene introduced the subjects of the four
chapters in his Darwin and the Modern World View (1961) as four stages in “the modern conflict between
science and religion” (Greene 1961, 12). Surely, the most widely known book written by a historian of
science, Kuhn’s Structure of Scientific Revolutions (1962), excluded those philosophical and religious views
that Kuhn had earlier (in his Copernican Revolution [1957]) labeled “equally fundamental” aspects of
astronomy. This exclusion undoubtedly aided the view that a conflict existed, a view that was the ally of
internalism. The 1970s were a period in which past scientists’ religious statements could still be dismissed
as “ornamental or ceremonial flourishes” or as “political gestures.” The “orthodoxy” of internalism among
historians of science in the 1960s and early 1970s was the target of the fascinating autobiographical account
of life as a student and teacher at Cambridge University by Robert Young in his contribution to Changing
Perspectives in the History of Science (1973). And even Young, whose own pathbreaking nonconflictive
articles from around 1970 were later reprinted in Darwin’s Metaphor (1985), wrote in his 1973 piece that
“the famous controversy in the nineteenth century between science and theology was very heated indeed”
(Young 1973, 376).

A second factor was the prevailing view among scientists themselves, which influenced historians of
science, who either had their own early training in science or maintained regular contact with scientists, or
both. In this regard, we might consider the work of the scientist-historian Stephen Jay Gould, one of the
most successful popularizers of both science and the history of science. A collection of his popular essays
appeared in 1977 as Ever Since Darwin. Gould stoutly rejected the “simplistic but common view of the
relationship between science and religion—they are natural antagonists” (Gould 1977, 141). However, the
book’s specific instances came preponderantly from the conflict theorist’s familiar bag of examples: the
Church’s disagreeing with Galileo; T.H. Huxley’s “creaming” Bishop “Soapy Sam” Wilberforce; natural
selection s displacing of divine creation; and, as Freud said, man’s losing his status as a divinely created
rational being at the center of the universe because of the science of Copernicus, Darwin, and Freud
himself. Gould’s most sympathetic chapter was his discussion of Thomas Burnet’s late-seventeenth-century
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geological explanations of biblical events like Noah’s flood. Even here, however, Gould regarded the views
of Burnet’s opponents as dogmatic and antirationalist, reflecting the same unhappy spirit that, wrote Gould,
later possessed Samuel Wilberforce, William Jennings Bryan, and modern creationists. “The Yahoos never
rest” (Gould 1977, 146).

Whatever the reasons for the continued survival of the conflict thesis, two other books on the nineteenth
century that were published in the 1970s hastened its final demise among historians of science. In 1974,
Frank Turner carved out new conceptual territory in Between Science and Religion. He studied six late
Victorians (including Alfred Russel Wallace, the co-inventor of the theory of evolution by natural selection)
who rejected both Christianity and the agnostic “scientific naturalism” of the time. In their various ways,
they used different methods, including the empiricism of science (but not the Bible), to support two
traditionally religious ideas: the existence of a God and the reality of human immortality. Even more
decisive was the penetrating critique “Historians and Historiography” that James Moore placed at the
beginning of his Post-Darwinian Controversies (1979). In what would have been a small book in itself,
Moore’s analysis adroitly explored the historical origins of Draper and White’s “military metaphor” and
went on to show how the metaphor promulgated false dichotomies: between science and religion, between
scientists and theologians, between scientific and religious institutions. The metaphor simply could not
handle, for example, a case of two scientist-clergymen who disagreed about a scientific conclusion partly
because of their religious differences. Finally, Moore called for historians to write “non-violent” history, of
which the remainder of his book was a prodigious example. Examining Protestant responses to Darwin’s
ideas, he concluded that it was an “orthodox” version of Protestantism that “came to terms” with Darwin
more easily than did either a more liberal or a more conservative version and, in addition, that much anguish
would have been spared had this orthodoxy prevailed.

The Complexity Thesis

By the 1980s and 1990s, there had been nearly a complete revolution in historical methodology and
interpretation. Setting aside his own views of science and religion, the historian was expected to write non-
Whiggish history to avoid what Maurice Mandelbaum called the “retrospective fallacy.” This fallacy
consisted of holding an asymmetrical view of the past and the future, in which the past was seen as like a
solid, with all of its parts irrevocably fixed in place, while the future was viewed as fluid, unformed, and
unforeseen. The problem for the historian was to transpose his mind to such an extent that a historical
figure’s future (which was part of the historian’s own past) lost the fixity and inevitability that the historian
perceived in it and, instead, took on the uncertainty that it had for the historical figure. The concern for what
led to the present, and the extent to which it was right or wrong by present standards, thus dissipated. A
good test for the historian was whether he could write a wholly sympathetic account of a historical figure
with whom he totally disagreed or whose ideas he found repugnant. Would the historical figure, if by some
magic given the chance to read the historian’s reconstruction, say that, indeed, it explained what he thought
and his reasons for doing so? To be valid, any broader historical generalization had to be based on specific,
non-Whiggish studies that accurately represented past thought.

This radically different methodology yielded a very different overall conclusion about the historical
relationship of science and religion. If “conflict” expressed the gist of an earlier view, “complexity”
embodied that of the new. The new approach exposed internalism as incomplete and conflict as distortion.
Past thought turned out to be terribly complex, manifesting numerous combinations of scientific and
religious ideas, which, to be fully understood, often required delineation of their social and political
settings.
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From this mainstream perspective, moreover, historians could deem other approaches unacceptable. Zeal
for the triumph of either science or religion in the present could lure historians into Whiggish history. The
works not only of Draper and White, but also of Hooykaas and Jaki fell into that category. Kenneth
Thibodeau’s review in Isis of Jaki’s Science and Creation, for example, declared it “a lopsided picture of
the history of science” that “minimizes” the accomplishments of non-Christian cultures and “exaggerates”
those of Christian ones (Thibodeau 1976, 112). In a review in Archives Internationale d’Histoire des
Sciences, William Wallace found Hooykaas’s Religion and the Rise of Modern Science to be “a case of
special pleading.” In their historiographical introduction to the book they edited, God and Nature (1986),
David Lindberg and Ronald Numbers judged that Hooykaas and Jaki had “sacrificed careful history for
scarcely concealed apologetics” (Lindberg and Numbers 1986, 5). Likewise, some historians found Moore’s
nonviolent history unacceptable: He “sometimes seems to be writing like an apologist for some view of
Christianity” (La Vergata 1985, 950), criticized Antonella La Vergata in his contribution to The Darwinian
Heritage (1985).

Among the multitude of articles and books that argued for a relatively new, non-Whiggish complexity
thesis, two exemplars were Lindberg and Numbers’s God and Nature and John Brooke s Science and
Religion (1991). Though similar in outlook, they differed in format. The first was a collection of eighteen
studies by leading scholars in their own areas of specialty, while the second was a single scholar’s synthesis
of a staggering amount of scholarship, an appreciable portion of which was his own specialized research.

Turning in their introduction to the contents of their own volume, Lindberg and Numbers rightly
observed that “almost every chapter portrays a complex and diverse interaction that defies reduction to simple
‘conflict’ or ‘harmony’” (Lindberg and Numbers 1986, 10). Medieval science, for example, was a
“handmaiden” to theology (but not suppressed), while the close interlocking of science and religion that
developed by the seventeenth century began to unravel in the eighteenth. To examine briefly the complexity
of only one chapter, consider James Moore’s (nonapologetic) discussion of “Geologists and Interpreters of
Genesis in the Nineteenth Century.” Moore focused on British intellectual debates occurring in a variegated
context of geographical, social, generational, institutional, and professional differences. Around 1830,
professional geologists (that is, those with specialist expertise) tended to “harmonize” Genesis and geology
by using geology to explain the sense in which the natural history of Genesis was true. They were opposed
by nonprofessional “Scriptural geologists,” who used Genesis to determine geological truths. By the 1860s,
a new generation of professional geologists did their geology independently of Genesis. They were in
agreement with a new generation of professional biblical scholars in Britain, who believed that Genesis and
geology should be understood separately. Meanwhile, the earlier conflicting traditions of harmonization and
scriptural geology were kept going by amateurs. Hence, while debate over how to meld Genesis and
geology was a social reality in late-Victorian Britain, it did not perturb the elite level of the professionals.
Numbers expanded his own chapter in God and Nature into The Creationists (1992), an outstanding
treatment of such issues at the nonelite level in the twentieth century.

Brooke’s volume targeted general readers in a way that Lindberg and Numbers’s did not. In his
historiographical remarks, Brooke considered the very meanings of the words “science” and “religion,”
resisting specific definitions for them. The problem, Brooke explained, was that the words had so many
meanings. It could even be misleading to refer to Isaac Newton’s “science,” when Newton called what he
was doing “natural philosophy,” a phrase connoting quite different issues in the seventeenth century than
did “science” in the twentieth. As did Lindberg and Numbers, Brooke found complexity: “The principal aim
of this book,” he wrote, “has been to reveal something of the complexity of the relationship between science
and religion as they have interacted in the past” (Brooke 1991, 321). As for Lindberg and Numbers, so also
for Brooke, complexity did not preclude general theses. He concluded, for example, that science went from
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being “subordinate” to religion in the Middle Ages to a position of relative equality in the seventeenth century,
not separate from religion but “differentiated” from: it.

Conclusion

This essay, in rejecting presentist histories of science and religion, may itself seem somewhat presentist.
Though it tries fairly to present the opposite point of view, it favors the recent historiographical revolution
in advocating a contextualist approach, with all its attendant complexities. Though the new point of view
has decided advantages over the old, it has the potential of leading historians astray. Pursuit of complexity
could produce ever narrower studies that are void of generalization. Moreover, awareness of the great
variation of views in different times and places could lead to the mistaken conclusion that those ideas were
nothing but reflections of their own “cultures.” Instead, in thinking about science and religion, as in most
human endeavors, there have always been the relatively few who have done their work better than the rest.
Existence of differences among them does not mean that they have not thought through and justified their
own positions. In fact, that they have done so is an example of a contextualist generalization—one that is not
only in harmony with the evidence of the past, but also relevant to present discussions.

Indeed, the whole non-Whiggish enterprise might inform the present in other ways, too, though scholars
are understandably wary of drawing very specific lessons from history for the present. Consider, however, a
few general points. Study of past ideas on their own terms might provide a kind of practice for working out
one’s own ideas or for nourishing tolerance for the ideas of others. There have been and, no doubt, always
will be disagreements among our strongest thinkers, as well as questions of the relationship between their
ideas and those of the population at large. Moreover, things always change, though not predictably or
necessarily completely. Indeed, the most influential thinkers seem fated to have followers who disagree with
them, even while invoking their names. Even the most well-founded, well-argued, and well-intentioned
ideas about science and religion are liable to later change or eventual rejection. The same is true for
historiographical positions, including, of course, the complexity thesis itself.

See also Conflict of Science and Religion
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THE CONFLICT OF SCIENCE AND RELIGION
Colin A.Russell

The Conflict Thesis

The history of science has often been regarded as a series of conflicts between science and religion (usually
Christianity), of which the cases of Galileo Galilei (1564—1642) and Charles Darwin (1809-82) are merely
the most celebrated examples. Some would go further and argue that such conflict is endemic in the
historical process, seeing these and other confrontations as occasional eruptions of a deep-seated inclination
that is always present, if not always quite so spectacularly visible. There is usually the additional
assumption, implicit or explicit, that the outcome of such conflict will always and inevitably be the victory
of science, even if only in the long term. Such a view of the relations between science and religion has been
variously described as a “conflict thesis,” a “military metaphor,” or simply a “warfare model.”

The considerable literature on this subject began with two famous works of the nineteenth century: John
William Draper’s History of the Conflict Between Religion and Science (1874) and Andrew Dickson
White’s A History of the Warfare of Science with Theology in Christendom (1896). A more mature work of
the twentieth century, J.Y.Simpson’s Landmarks in the Struggle Between Science and Religion (1925), adds
to the vocabulary of metaphors by positing a struggle between science and religion. The first two books
achieved a wide circulation and have been repeatedly reprinted. They were written at a time when science
seemed triumphant at home and abroad, and each author had his particular reasons for settling old scores
with organized religion. Draper, a professor of chemistry and physics in a medical school in New York,
feared the power wielded by the Roman Catholic Church and was worried by the promulgation of the
dogma of papal infallibility of 1870. White, professor of history at the University of Michigan and later
president of Cornell (the first private nonsectarian university in the United States), was not surprisingly
opposed by the advocates of sectarian theology. White’s book thus became a manifesto directed (in the last
version) not so much against religion as against dogmatic theology.

For nearly a century, the notion of mutual hostility (the Draper-White thesis) has been routinely
employed in popular-science writing, by the media, and in a few older histories of science. Deeply
embedded in the culture of the West, it has proven extremely hard to dislodge. Only in the last thirty years of
the twentieth century have historians of science mounted a sustained attack on the thesis and only gradually
has a wider public begun to recognize its deficiencies.

Issues of Contention

First, it may be helpful to spell out briefly the chief issues of contention around which the real or imagined
conflict revolves. Initially these issues were in the area of epistemology: Could what we know about the
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world through science be integrated with what we learn about it from religion? If not, a situation of
permanent conflict seemed probable. Such epistemological issues were first raised on a large scale by the
Copernican displacement of the earth from the center of the solar system, which was clearly incompatible with
what seemed to be the biblical world picture of a geocentric universe. The question, though posed by
Copernicus (1473—-1543) himself, caused little public stir until the apparent conflict became inextricably
intertwined with other clerico-political disagreements at the time of Galileo. With hindsight, it is truly
remarkable that, as early as the sixteenth century, Copernicus and his disciple Georg Joachim Rheticus
(1514-74) resolved the issue to their satisfaction by invoking the patristic distinction between the Bible’s
teaching on spiritual and eternal realities and its descriptions of the natural world in the language of
ordinary people. Rheticus specifically appealed to Augustine’s doctrine of “accommodation,” asserting that
the Holy Spirit accommodated himself on the pages of Scripture to the everyday language and terminology
of appearances. What began to emerge was what later became the distinction between world picture and
worldview, the former being mechanistic, tentative, and expendable, while the latter concerned values and
principles that were likely to endure. This same principle imbued the work both of Galileo and his followers
and of Johannes Kepler (1571-1630) and effectively defused the issue for a majority of Christian believers.
If they were right, there was an absence of conflict not only over the specific case of cosmology but, in
principle, over anything else in which scientific and biblical statements appeared to be in contradiction. A
“conflict thesis” would have seemed untenable because there was nothing to fight about. However, the
historical realities were such that these lessons were not quickly learned.

Despite the advent in the late eighteenth century of evidence for a much older Earth than had been
imagined on the basis of the Mosaic account in Genesis, little opposition arose until the emergence in early-
Victorian England of a disparate but vocal group of “scriptural geologists.” They were not, as is often
claimed, a group of naive scientific incompetents, but, indeed, were often rather able men who saw a
distinction between biblical descriptions of the present natural world and of events in the past, respectively
corresponding to their understandings of physical science and history. While for the most part happy to
accept “accommodation” over biblical references to the sun and Earth, they were not prepared to extend it to
what appeared to be descriptions of history, including chronology. The potential for conflict was greatest
where science had a historical content (as in geology or biology). The war cries of the “scriptural
geologists” were echoed by those who, in due course, assailed Darwinian evolution on the same grounds.

A second, and related, area of contention has been in the realm of methodology. Here we find the age-old
polarization between a science based on “facts” and a theology derived from “faith,” or between a
naturalistic and a religious worldview. Naturalism has had a long history, going back to the early Middle
Ages and beyond, with a spectacular revival in nineteenth-century England that was dignified by the title of
“scientific naturalism.” It was a view that denied the right of the church to “interfere” in the progress of
science by introducing theological considerations into scientific debates. By the same token, any appeal to
divine purpose as an explanation of otherwise inexplicable phenomena has been a famous hostage to
fortune. This philosophy of “God of the gaps™ has generated special heat when one of the “gaps™ has later
been filled naturalistically. In these cases, conflict has certainly appeared, though whether it is really about
methodological issues may be doubted. It has also been argued in a veritable torrent of informed and
scholarly works that the methodologies of science and of religion are complementary rather than
contradictory, and local instances of dispute have been assigned to other causes. Yet, this confusion still
penetrates popular thinking, and the conflict thesis has been thereby sustained.

The third potential for conflict has been in the field of ethics. Most recently this has been realized in such
questions as genetic engineering, nuclear power, and proliferation of insecticides. Past debates on the
propriety of such medical procedures as vaccination and anesthesia have been replaced by impassioned
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conflict over abortion and the value of fetal life. In Victorian times, one of the more serious reasons for
opposing Darwin was the fear that his theories would lead to the law of the jungle, the abandonment of
ethical constraints in society. Yet, in nearly all of these cases, it is not so much science as its application
(often by nonscientists) that has been under judgment.

Fourth, some opposition between science and religion has arisen from issues of social power. In Catholic
cultures in continental Europe, the polarity between sacred and secular was often much sharper than in
Britain and the United States, with the result that progressive science-based ideologies were more frequently
in explicit contention with conservative political and ecclesiastical forces. In early-nineteenth-century
Britain, certain high-church Anglicans turned on science for threatening their dominant role in society.
While this debate was formally about the authority of Scripture, in reality it was about the growing spirit of
liberalism within the universities. Not surprisingly, the community of science resented such attacks and, in
due course, turned the table on the enemy.

Their response came in the form of a concerted effort by certain scientific naturalists in
Victorian England, most notably those associated with Thomas Henry Huxley (1825-95), to overthrow the
hegemony of the English church. The movement, which was accompanied by bitter conflict, generated a
flood of articles, lay “sermons,” and verbal attacks on the clergy and included conspiratorial attempts to get
the “right men” in to key positions in the scientific establishment. It involved lectures, secular Sunday
schools, and even a successful lobby to have Charles Darwin’s body interred in Westminster Abbey. Yet, it
was not a battle between science and religion except in the narrowest sense. Unlike White, who averred that
he opposed not religion but dogmatic theology, Huxley sought to undermine organized religion, though his
rhetoric frequently sought to convey the impression of a disinterested defence of truth. One recent writer
identifies the driving force behind at least the Victorian struggles as “the effort by scientists to improve the
position of science. They wanted nothing less than to move science from the periphery to the centre of
English life” (Heyck 1982, 87). It was at this time that science became professionalized, with the world’s
first professional institute for science, the Institute of Chemistry, established in 1877. In Europe, it was also
the period when scientific leadership began to slip from Britain to Germany, generating a fierce rearguard
reaction by some British scientists against anything that could diminish their public standing. If the Church
was seen to be in their way, it must be opposed by all means, including the fostering of a conflict myth, in
which religion routinely suffered defeat at the hands of triumphalist science.

The Weaknesses of the Conflict Thesis

The conflict thesis, at least in its simple form, is now widely perceived as a wholly inadequate intellectual
framework within which to construct a sensitive and realistic historiography of Western science. Nor was it
merely a case of British controversy. Ronald L.Numbers has suggested that “the war between science and
theology in colonial America has existed primarily in the cliché-bound minds of historians.” He regards the
polemically attractive warfare thesis as “historically bankrupt” (Numbers 1985, 64, 80). In the composite
volume God and Nature: Historical Essays on the Encounter between Christianity and Science (1986),
edited by Numbers and his colleague at the University of Wisconsin, David C.Lindberg, an effort is made to
correct the stereotypical view of conflict between Christianity and science.

The shortcomings of the conflict thesis arise from a multiplicity of reasons, some of which may be briefly
summarized as follows.

First, the conflict thesis hinders the recognition of other relationships between science and religion. At
different phases of their history, they were not so much at war as largely independent, mutually encouraging,
or even symbiotic. Certainly there are well-documented cases, such as those of Galileo and Darwin, in
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which science and religion seemed to wage open war with each other. But recent scholarship has
demonstrated the complexity of the issues at stake in even these cases, with ecclesiastical politics, social
change, and personal circumstances as relevant as questions of science and religion. Quite apart from those
considerations, such cases have been too often taken as typical, and, consequently, a generalized conflict
thesis has been erected on insubstantial foundations. As a historical tool, the conflict thesis is so blunt that it
is more damaging than serviceable. One has only to consider the “two books” of Francis Bacon (1561-1626)
—nature and Scripture—each of which had a role complementary to that of the other. They were held not to
be at odds with each other, because they dealt with different subjects. Again, for many major scientific
figures in the seventeenth and eighteenth centuries, Christianity played a central role in fostering and even
shaping their scientific endeavors: The instances of Kepler, Robert Boyle (1627-91), Isaac Newton (1642—
1727), and René Descartes (1596—1650) are the most conspicuous. The historical relations between religion
and science are certainly more rich and complex than a simple conflict thesis suggests.

Second, and more specific, the conflict thesis ignores the many documented examples of science and
religion operating in close alliance. This was most obviously true of the seventeenth and eighteenth centuries,
as evidenced by the names of Boyle, Newton, Blaise Pascal (1623—62), Marin Mersenne (1588—1648),
Pierre Gassendi (1592— 1655), and Isaac Beeckman (1588—-1637). Since then, a continuous history of noted
individuals making strenuous efforts to integrate their science and religion has testified to the poverty of a
conflict model. This was particularly true in Britain, where representatives in the nineteenth century
included most famously Michael Faraday (1791-1867), James Joule (1818-89), James Clerk Maxwell
(1831-79), William Thomson (Lord Kelvin [1824—1907]), and George Gabriel Stokes (1819-1903). In the
next century, a number of distinguished scientists of religious persuasion were ready to join societies like
the Victoria Institute in London or its successors in Britain and the United States, which were dedicated to
bringing together religious and scientific ideas. The English-speaking world was not unique in this quest for
integration but has certainly been the most subject to historical scrutiny.

Third, the conflict thesis enshrines a flawed view of history in which “progress” or (in this case)
“victory” has been portrayed as inevitable. There appears to be no inherent reason why this should be so,
though it is readily understandable why some should wish it to be the case. This approach represents and
embraces a long demolished tradition of positivist, Whiggish historiography.

Fourth, the conflict thesis obscures the rich diversity of ideas in both science and religion. Neither of
these has ever been monolithic, and there was seldom a unified reaction from either. Thus, in the case of
Galileo, it was the Roman Catholic, not the Protestant, wing of Christianity that appeared to be at odds with
science. In the Darwinian controversy, a uniform response was lacking even within one branch of
Protestantism, for Anglicans of low-, high-, or broad-church persuasion tended to respond to Darwin’s
theories in different ways. Moreover, the scientific community was deeply divided over religion in
Victorian England, the mathematical physicists being far more sympathetic than the scientific naturalists.
The conflict thesis fails to recognize such variety.

Fifth, the conflict thesis engenders a distorted view of disputes resulting from other causes than those of
religion versus science. Given this expectation, conflict is not difficult to find in every circumstance,
whether or not justified by the available historical evidence. A classic case is that of the alleged opposition
to James Young Simpson (1811-70) for his introduction of chloroform anesthesia in midwifery. Despite
repeated claims of clerical harassment, the evidence is almost nonexistent. Insofar as there was any conflict,
it was between the London and Edinburgh medical establishments or between obstetricians and surgeons.
The origins of that myth may be located in an inadequately documented footnote in White (1896, 2.63).

Finally, the conflict thesis exalts minor squabbles, or even differences of opinion, to the status of major
conflicts. The confrontation between Samuel Wilberforce (1805—73) and Huxley in 1860 has been so
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frequently paraded as a one-sided battle on a vast scale that one is liable to forget that, in fact, it was nothing
of the kind. Such exaggeration is an almost inevitable accompaniment to the exposition of a conflict theory.
It is excellent drama but impoverished history, made credible only by a prior belief that such conflict is
inevitable. Of such material are legends made, and it has been well observed that “the dependence of the
conflict thesis on legends that, on closer examination, prove misleading is a more general defect than
isolated examples might suggest” (Brooke 1991, 40).

Reasons for Its Endurance

Given, then, that the warfare model is so inaccurate, one may wonder why it has lasted so long. This is,
indeed, a major question for historians. The explanation may lie at least partly in the celebrated controversy
of Huxley and his friends with the Anglican and Roman Catholic churches. In addition to the strategies
mentioned above, they had another tactic, more subtle and yet more bold than anything else they
accomplished. By establishing the conflict thesis, they could perpetuate a myth as part of their strategy to
enhance the public appreciation of science. Thus, Huxley could write, with a fine disregard for what history
records:

Extinguished theologians lie about the cradle of every science as the strangled snakes beside that of
Hercules; and history records that wherever science and orthodoxy have been fairly opposed, the
latter have been forced to retire from the lists, bleeding and crushed if not annihilated; scotched if not
slain.

The Huxleyite warriors were outstandingly successful in this respect, and their ideals were enshrined in the
works of Draper and White, best understood as polemical tracts that advanced the same cause. Yet, Draper
takes such liberty with history, perpetuating legends as fact, that he is rightly avoided today in serious
historical study. The same is nearly as true of White, though his prominent apparatus of prolific footnotes may
create a misleading impression of meticulous scholarship. With an astonishing breadth of canvas, his
writing exudes confidence in his thesis and conveys a sense of truly comprehensive analysis. Yet, with his
personal polemic agenda, selectivity was inevitable. As such, it exposed him to the criticism that he was
trapped by his own presuppositions of an inherent antagonism between the theological and the scientific
views of the universe. His book, which he commenced writing in the 1870s, is no longer regarded as even a
reliable secondary source for historical study. It is, however, an accurate reflection of how certain liberal-
minded men of his day perceived the relationship between religion and science and of how “history” (or a
version of it) was pressed into service for their cause. The remarkable thing about the whole conflict thesis
is how readily the Victorian propaganda in all of its varied forms has become unconsciously assimilated as
part of the received wisdom of our own day. However, it is salutary to note that serious historical
scholarship has revealed the conflict thesis as, at best, an oversimplification and, at worst, a deception. As a
rare example of the interface between contemporary public opinion and historical scholarship, it is high
time for a robust exposure of its true character.

See also Charles Darwin; Early Christian Attitudes Toward Nature; Galileo Galilei;
Historiography of Science and Religion; Medieval Science and Religion
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THE DEMARCATION OF SCIENCE AND RELIGION
Stephen C.Meyer

Introduction

What is science? What is religion? How do the two intersect? Historians of science address these questions
by analyzing how the scientific and religious beliefs of particular scientists or cultures have interacted at
specific times. Philosophers of science and religion, however, have sought to characterize the relationship
between them in more general terms. Their endeavor has required defining science and religion in order to
distinguish or “demarcate” them from each other by clear and objective criteria. During modern times,
theologians and philosophers of science have attempted to make categorical demarcations between science
and religion on various definitional grounds.

Defining Differences: Some Philosophical Context

The neo-orthodox theologian Karl Earth (1886—-1968), for example, asserted that science and religion have
different objects of interest. Religion and theology focus on God’s self-revelation through Christ; science
studies the natural world. Earth maintained that science and religion use different methods of obtaining
knowledge. Scientists can know the external world through rational and empirical investigation. Yet,
because of human sin, man cannot know God from the visible testimony of the creation, that is, “from the
things that are made” (Romans 1:20), as Saint Paul put it. Instead, human knowledge of God comes only if
God reveals himself directly to man in a mystical or an a-rational way.

Existentialist philosophers such as Seren Kierkegaard (1813-55) and Martin Buber (1878-1965) also
accepted a fundamental epistemological distinction between science and religion. According to both,
scientific knowledge is impersonal and objective, whereas religious knowledge is personal and subjective.
Since science concerns itself with material things and their functions, objective knowledge is possible, at
least as an ideal. Religion, however, involves a personal relationship with the object known (God) and a
personal or moral response to him. Therefore, radical subjectivity characterizes religious endeavor. Or, to
use Buber’s well-known terminology, science fosters an “I-it” relationship between the knower and the
known; religion, an “I-Thou” relationship.

A group of early-twentieth-century philosophers known as logical positivists also insisted that science
and religion occupy separate and nonoverlapping domains, but for different reasons. According to the
positivists, only empirically verifiable (or logically undeniable) statements are meaningful. Since science
makes statements about observable material entities, its statements have meaning. Religious or
metaphysical beliefs, however, refer to unobservable entities such as God, morality, salvation, free will, and
love. Hence, by positivistic definition, they lack meaning. As Frederick Coppleston has explained, the
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principal tenet of positivism was that, since experience alone provides the basis for knowledge, “the
scientific method was the only means of acquiring anything that could be called knowledge” (Coppleston
1985, 117-18). Hence, positivism not only distinguishes between science and religion, but it does so on
grounds that deny objective warrant to religious belief.

Models of Interaction: Defining the Issues

Contemporary philosophers of science and religion generally recognize that science and religion do
represent two distinct types of human activity or endeavor. Most acknowledge that they require different
activities of their practitioners, have different goals, and ultimately have different objects of interest, study,
or worship. For these reasons, some have suggested that science and religion occupy either completely
separate “compartments” or “complementary” but nonoverlapping domains of discourse and concern. These
perspectives have been formalized as two models of science-religion interaction known, respectively, as
compartmentalism and complementarity. Compartmentalism (associated with Barth, Kierkegaard, and
positivists) asserts that science and religion inevitably offer different types of descriptions of different types
of realities. Complementarity (as articulated principally by neuroscientist Donald M.Mackay in the 1970s)
allows that science and religion may sometimes speak about the same realities but insists that the two
always describe reality in categorically different but complementary ways (that is, with so-called
“incommensurable” languages). Both of these models deny the possibility of either conflict or specific
agreement between science and religion. Science, properly understood, can neither support nor undermine
religion since the two represent distinct and nonintersecting planes of experience and knowledge. Both
complementarity and compartmentalism thus presuppose the metaphysical or religious neutrality of all
scientific theories.

Contemporary philosophers such as Alvin Plantinga, Roy Clouser, and J.P.Moreland have questioned the
strict separation of science and religion. They point out that it does not follow from the real differences
between them that science and religion must differ qualitatively in every respect. Thus, philosophers have
noted that religions as well as sciences make truth claims. Moreover, science and religion often seem, at
least, to make claims about the same subject in clear prepositional language. For example, both make claims
about the origin and nature of the cosmos, the origin of life, and the origin of man; both make claims about
the nature of human beings, the history of certain human cultures, and the nature of religious experience.
Religions, like sciences, may be right or wrong about these subjects, but few contemporary philosophers of
science (though not necessarily theologians or scientists) now agree that science and religion never make
intersecting truth claims. Historical religions in particular (such as Judaism, Christianity, and Islam) make
specific claims about events in time and space that may either contradict or agree with particular scientific
theories.

Indeed, as Plantinga has argued, many (though not all) scientific theories have metaphysical and religious
implications. Plantinga cites several examples of scientific theories, which, if taken as claims about truth
rather than merely as instrumental devices for ordering experience or generating hypotheses, have clear
metaphysical import. He notes that various cosmological explanations for the fine-tuning of the physical
constants (the so-called “anthropic” coincidences) either support or deny a theistic conclusion; that
sociobiology and theism give radically different accounts of human altruism; and that neo-Darwinian
evolutionary theory, contra theism, denies any detectable design or purpose in creation.

On this latter score, many evolutionary biologists agree with Plantinga’s assessment. Francisco Ayala,
Stephen Jay Gould, William Provine, Douglas Futuyma, Richard Dawkins, Richard Lewontin, and the late
G.G. Simpson, for example, all agree that neo-Darwinism (taken as a realistic portrayal of the history of
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life) postulates an exclusively naturalistic mechanism of creation, one that allows no role for a directing
intelligence. As Simpson put it: “man is the result of a purposeless and natural process that did not have him
in mind” (Simpson 1967, 344-5). In any case, these theories deny, contra classical theism, any discernable
evidence of divine purpose, direction, or design in the biological realm. From a Darwinian point of view,
any appearance of design in biology is illusory, not real. Thus, even if God exists, his existence is not
manifest in the products of nature. As Francisco Ayala has explained: “The functional design of organisms
and their features would...seem to argue for the existence of a designer. It was Darwin’s greatest
accomplishment to show [however] that the directive organization of living beings can be explained as the
result of a natural process, natural selection, without any need to resort to a Creator or other external agent”
(Ayala 1994, 4-5). As Richard Lewontin and many other leading neo-Darwinists have noted, organisms
only “appear” to have been designed.

Statements such as these clearly illustrate why attempts to impose a strict separation between science and
metaphysics or science and religion have been increasingly questioned. Where scientific theories and
religious doctrines are taken as truth claims (as both scientists and religious believers usually require), some
sci entific theories may be taken as either supporting or contradicting religious doctrines. Indeed, many would
argue that there is no reason to exclude the possibility that some truth claims of religion may be evaluated
rationally on the basis of public evidences. Several of the examples cited above suggest that scientific
discoveries or theories may well contradict religious doctrines. Other examples suggest the possibility that
science may also provide support for the truth claims of religion. Archaeological evidence may support
biblical assertions about the history of Israel or early Christianity; cosmological or biological evidence may
support various theological conceptions of creation; and neurophysiological or psychological evidence may
support religiously derived understandings of consciousness and human nature. While many religious
practitioners would acknowledge with Earth and Buber that religious commitment requires more than
intellectual assent to doctrinal propositions, it does not follow that the prepositional truth claims of religion
may not have an evidential or rational basis.

Hence, recent work on the relationship between science and religion has suggested limits to the
complementarity and compartmentalism models. While most philosophers of science and religion would
agree that compartmentalism and complementarity model some aspects of the relationship between science
and religion accurately, many now assert that these models do not capture the whole of the complex
relationship between science and religion. Real conflict and real agreement between scientific and religious
truth claims has occurred and is possible. Theories of science may not always be religiously or
metaphysically neutral.

Yet, contemporary defenders of the complementary model contend that the alleged metaphysical
implications of scientific theories represent illicit or unsupported extensions of scientific theory, not the
science itself. They assert that statements such as those cited above about the meaning of Darwinism, for
example, do not represent science per se, but “para-scientific” reflection about science or a pseudoscientific
“apologetic” for philosophical naturalism. Such reflection may reveal the metaphysical predilections of
scientists (for example, Gould or Simpson), but it does not demonstrate any real metaphysical implications
of science.

Those critical of complementarity agree that Ayala’s and Simpson’s statements do reflect metaphysical
biases and that these statements may lack empirical support. Yet, for them it does not follow that either Gould’s
or Simpson’s articulation of Darwinism is inaccurate. Nor does it follow that Darwinism does not constitute
a scientific theory. Many scientific theories reflect the biases of scientific theorists. Some are inadequately
supported or fallible. Does that mean that they are necessarily unscientific? This discussion begs a more
fundamental question. Can scientific theories have metaphysical implications? If not, why not? Could
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Darwin, for example, formulate a scientific theory specifying that life arose as a result of exclusively
naturalistic forces such as natural selection and random variation? Could he, as a scientist, deny that divine
guidance played a causal role in the process by which new species are created? Many historians of science
now agree that Darwin meant to exclude a causal role for God in his theory of evolution. They also agree
that competing theories implied just the opposite. Is Darwinism, then, unscientific? Indeed, was all
nineteenth-century biology prior to Darwin unscientific? If so, on what grounds? What exactly is science?

History of the Demarcation Issue

Such questions lead inevitably to the center of one of the most vexing issues in the philosophy of science,
namely, the demarcation issue. Identifying scientific theories or truth claims and distinguishing them from
religious or metaphysical truth claims (as opposed to religious practices or rituals) seems to require a set of
criteria for defining science. But what exactly makes a theory scientific? And how can scientific theories be
distinguished or demarcated from pseudoscientific theories, metaphysical theories, or religious beliefs?
Indeed, should they be?

In a seminal essay, “The Demise of the Demarcation Problem” (Laudan 1988a, 337-50), Larry Laudan
explains that contemporary philosophers of science have generally lost patience with attempts to distinguish
scientific theories from nonscientific theories. Demarcation criteria (criteria that purport to distinguish true
science from pseudoscience, metaphysics, and religion) have inevitably fallen prey to death by a thousand
counter-examples. Many theories that have been repudiated on evidentiary grounds express the very epistemic
and methodological virtues (for example, testability, falsifiability, repeatability, and observability) that have
been alleged to characterize true science. By contrast, some highly esteemed theories lack one or more of
the allegedly necessary features of science.

Laudan notes that, following Aristotle, science was first distinguished from nonscience by the degree of
certainty associated with scientific knowledge. Science, it was thought, could be distinguished from
nonscience because science produced certain knowledge (episteme), whereas other types of inquiry, such as
philosophy or theology, produced opinion (doxa). Yet, this approach to demarcation ran into difficulties.
Unlike mathematicians, scientists rarely provided strict logical demonstrations (deductive proofs) to justify
their theories. Instead, scientific arguments often utilized inductive inference and predictive testing, neither
of which produced certainty. Moreover, these limitations were clearly understood by philosophers and
scientists by the late Middle Ages. For example, William of Ockham (c. 1280—c. 1349) and Duns Scotus (c.
1265—c. 1308) specifically refined Aristotelian inductive logic in order to diminish (but not eliminate) the
fallibility known to be associated with induction. Further, as Owen Gingerich has argued, some of the
reason for Galileo’s conflict with the Roman Catholic Church stemmed from his inability to meet scholastic
standards of deductive certainty, standards that he regarded as neither relevant to, nor attainable by,
scientific reasoning. By the late Middle Ages, and certainly during the scientific revolution, scientists and
philosophers understood that scientific knowledge, like other knowledge, is subject to uncertainty. Hence,
attempts to distinguish science from nonscience began to change. No longer did demarcationists attempt to
characterize science on the basis of the superior epistemic status of scientific theories; rather they attempted
to do so on the basis of the superior methods science employed to produce theories. Science came to be
defined by reference to its method, not its certainty or its content.

This approach also encountered difficulties, not the least of which was the consistent presence of
disagreement about what the method of science actually entails. During the seventeenth century, the so-
called mechanical philosophers insisted, contrary to Aristotelians, that scientific theories must provide
mechanistic explanations. Yet, Isaac Newton (1642—-1727) formulated a theory that provided no such
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mechanistic explanation. Instead, his theory of universal gravitation described mathematically, but did not
explain, the gravitational motion of the planetary bodies. Despite provocation from Gottfried Wilhelm
Leibniz (1646-1716), who defended the mechanistic ideal, Newton expressly refused to give any
explanation for the mysterious “action at a distance” associated with his theory of gravitational attraction.

Similar debates about scientific method occurred during the nineteenth century. Some scientists and
philosophers regarded the inductive procedures of John Stuart Mill (1806—73) and William Herschel (1738-
1822) as representative of the true scientific method. Others articulated the so-called vera causa ideal,
which limited science to previously known or observable causes. Still others, such as C.S.Peirce (1839-
1914) and William Whewell (1794-1866), insisted that predictive success constituted the most important
hallmark of true science, whether or not theoretical entities could be observed directly. Yet, Peirce and
Whewell also acknowledged that explanatory power, as opposed to predictive success, characterized
scientific theorizing in some contexts. Such lack of agreement brought havoc upon the demarcationist
enterprise. If scientists and philosophers cannot agree about what the scientific method is, how can they
distinguish science from disciplines that fail to use it? In any case, there may well be more than one
scientific method. Historical sciences, for example, use distinctive types of explanations, inferences, and
modes of testing. If more than one scientific method exists, then attempts to mark off science from
nonscience by using a single set of methodological criteria will almost inevitably fail.

As problems with using methodological considerations grew, the demarcationist enterprise again shifted
ground. Beginning in the 1920s, philosophy of science took a linguistic, or semantic, turn. The logical-
positivist tradition held that scientific theories could be distinguished from nonscientific theories not
because scientific theories had been produced via unique or superior methods, but because such theories
were more meaningful. Logical positivists asserted that all meaningful statements are either empirically
verifiable or logically undeniable. According to this “verificationist criterion of meaning,” scientific
theories were more meaningful than philosophical or religious ideas because scientific theories referred to
observable entities, whereas philosophy and religion referred to unobservable entities. This approach also
subtly implied the inferior status of metaphysical beliefs.

Yet, positivism eventually self-destructed. Philosophers came to realize that positivism could not meet its
own verificationist criterion of meaning: The verificationist criterion turned out to be neither empirically
veri fiable nor logically undeniable. Furthermore, positivism misrepresented much actual scientific practice.
Scientific theories refer to unverifiable and unobservable entities such as forces, fields, atoms, quarks, and
universal laws. Meanwhile, many disreputable theories (for example, the flat-Earth theory) appeal only to
“common sense” observations. Clearly, positivism’s verifiability criterion would not achieve the
demarcation for which philosophers of science had hoped.

With the demise of positivism, demarcationists took a different tack. Karl Popper (1902-94) proposed
falsifiability as a demarcation criterion. According to Popper, scientific theories can be distinguished from
metaphysical theories because scientific theories can be falsified (as opposed to verified) by prediction and
observation, whereas metaphysical theories cannot. Yet, this, too, proved to be a problematic criterion.
First, falsification turns out to be difficult to achieve. Rarely are the core commitments of scientific theories
directly tested via prediction. Instead, predictions occur when core theoretical commitments are conjoined
with auxiliary hypotheses (hence, always leaving open the possibility that auxiliary hypotheses, not core
commitments, are responsible for failed predictions). Newtonian mechanics, for example, assumed as its
core three laws of motion and the theory of universal gravitation. On the basis of these assumptions,
Newton made a number of predictions about the positions of planets in the solar system. When observations
failed to corroborate Newton’s predictions, he did not reject his core assumptions. Rather, he altered some of
his auxiliary hypotheses to explain the discrepancies between theory and observation. For example, he
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amended his working assumption that planets were perfectly spherical and influenced only by gravitational
force. As Imre Lakatosh has shown, Newton’s refusal to repudiate the core of his theory even in the face of
anomalies enabled him to refine his theory and eventually led to its tremendous success (Lakatosh 1970,
189-95). The explanatory flexibility of Newton’s theory did not function to confirm its “nonscientific status,”
as the Popperian demarcation criterion would imply.

Studies in the history of science have shown the falsificationist ideal to be simplistic. The role of
auxiliary hypotheses makes many scientific theories, including those in the so-called hard sciences,
difficult, if not impossible, to falsify conclusively on the basis of one failed prediction or anomaly. Yet, some
theories (for example, of flat Earth, phlogiston, and heliocentrism) have been eventually falsified in practice
by the judgment of the scientific community regarding the preponderance of data. This fact raises a difficult
question for demarcationists. Since the theories of phlogiston and a flat Earth have been overwhelmingly
falsified, they must be falsifiable and, therefore, scientific. Are such falsified theories more scientific than
currently successful theories that have the flexibility to avoid falsification by a single anomaly? Is a
demonstrably false theory more scientific than one that has wide explanatory power and may well be true?
Further, Laudan shows that it is absurdly easy to specify some prediction, any prediction, that, if false,
would count as a conclusive test against a theory (Laudan 1988b, 354). Astrologers and phrenologists can
do it as easily as, indeed, astronomers and physiologists.

Such contradictions have plagued the demarcationist enterprise from its inception. As a result, most
contemporary philosophers of science regard the question, “What methods distinguish science from
nonscience?” as both intractable and uninteresting. What, after all, is in a name? Certainly not automatic
epistemic warrant or authority. Increasingly, then, philosophers of science have realized that the real issue is
not whether a theory is scientific, but whether a theory is true or warranted by the evidence. Hence, as
philosopher Martin Eger has summarized it: “[d]emarcation arguments have collapsed. Philosophers of
science don’t hold them anymore. They may still enjoy acceptance in the popular world, but that’s a
different world.” Or, as Laudan expresses it: “If we could stand up on the side of reason, we ought to drop
terms like ‘pseudo-science’...they do only emotive work for us” (Laudan 1988a, 349).

Demarcation Arguments in the Creation-Evolution Debate

Despite the rejection of demarcation criteria by philosophers of science, these criteria continue to be
employed in various ideologically charged scientific debates. Perhaps the most dramatic example has
occurred in the so-called creation-evolution debate. Both sides have asserted that theories espoused by the
other depart from established canons of the scientific method. Creationists such as Duane Gish and no less a
personage than Karl Popper himself have referred to Darwinian evolutionary theory as an unscientific
“metaphysical research program” (Popper 1988, 145). For their part, defenders of evolution have employed
these same tactics to discredit any possibility of a scientific theory of creation and to exclude the teaching of
creationist interpretations of biological evidence in U.S. public high schools.

In 1981-82, during the Arkansas trial over the legitimacy of teaching “creation science,” the Darwinist
philosopher of science Michael Ruse cited five demarcation criteria as the basis for excluding any
creationist theory from public education. According to Ruse, for a theory to be scientific it must be (1)
guided by natural law, (2) explanatory by natural law, (3) testable against the empirical world, (4) tentative,
and (5) falsifiable. Ruse testified that creationism, with its willingness to invoke divine action as a cause of
certain events in the history of life, could never meet these criteria. He concluded that creationism might be
true but that it could never qualify as science. Presiding Judge William Overton agreed, ruling in favor of
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the American Civil Liberties Union (ACLU), at whose behest Ruse had testified, and citing Ruse’s five
demarcation criteria in his ruling.

After the trial, some philosophers of science, including Larry Laudan and Philip Quinn (neither of whom
supported creationism’s empirical claims), repudiated Ruse’s testimony as either ill-informed about the
status of the demarcation problem or disingenuous. Both argued that Ruse’s criteria could not distinguish
the a priori scientific status of creationist and evolutionary theory. They insisted that only specific
empirical, as opposed to methodological, arguments could accomplish this.

Indeed, upon further examination, Ruse’s demarcation criteria have proven problematic, especially as
applied to the debate about biological origins. For example, insofar as both creationist and evolutionary
theories constitute historical theories about past causal events, neither explains exclusively by reference to
natural law. The theory of common descent, arguably the central thesis of Darwin’s Origin of Species (1859),
does not explain by natural law. Common descent does so by postulating a hypothetical pattern of historical
events that, if actual, would account for a variety of currently observed data. In the fifth chapter of the
Origin, Darwin (1809-82) himself refers to common descent as the vera causa (the actual cause or
explanation) of a diverse set of biological observations. In Darwin’s theory of common descent, as in
historical theories generally, postulated causal events (or patterns thereof) do the explanatory work. Laws do
not. Hence, Ruse’s second demarcation criterion, if applied consistently, would require classifying both
creationist theory and the Darwinian theory of common descent as unscientific.

Similar problems have afflicted Ruse’s remaining demarcation criteria. Theories about the past rarely
employ the exclusively predictive methods of testing required by Popper’s falsifiability criterion. Theories
of origins generally make assertions about what happened in the past to cause present features of the
universe to arise. Such theories necessarily attempt to reconstruct unobservable past causal events from
present clues or evidences. Methods of testing that depend upon the prediction of novel or future events
have minimal relevance to historical theories of whatever type. Those who insist that testing must involve
prediction, rather than compare the explanatory power of competing theories, will find little that is scientific
in any origins theory, evolutionary or otherwise.

Analyses of the other demarcation criteria articulated by Ruse have shown them similarly incapable of
discriminating the a priori scientific status of creationist and evolutionary theories. Accordingly, during a
talk before the American Association for the Advancement of Science (AAAS) in 1993, Ruse repudiated his
previous support for the demarcation principle by admitting that Darwinism (like creationism) “depends
upon certain unprovable metaphysical assumptions.”

The Future of the Demarcation Issue

The demarcationist arguments employed in the origins controversy almost inevitably presuppose a
positivistic or neopositivistic (that is, Popperian) conception of science. Some have wondered, therefore,
whether new developments in the philosophy of science might make demarcation tenable on other grounds.
Yet, recent non-positivistic accounts of scientific rationality seem to offer little hope for a renewed program
of demarcation.

Philosophers of science Paul Thagard and Peter Lipton have shown, for example, that a type of reasoning
known as “inference to the best explanation” is widely employed not only in science, but also in historical,
philosophical, and religious discourse. Such work seems to imply that knowledge is not as easily classified
on methodological or epistemological grounds as compart-mentalists and demarcationists once assumed.
Empirical data may have metaphysical implications, while unob servable (even metaphysical) entities may
serve to explain observable data or their origins.
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More recent work on the methods of the historical sciences has suggested that the methodological and
logical similarity between various origins theories (in particular) runs quite deep. Philosopher of biology
Elliot Sober has argued that both classical creationistic design arguments and the Darwinian argument for
descent with modification constitute attempts to make retrodictive inferences to the best explanation. Other
work in the philosophy of science has shown that both creationist and evolutionary programs of research
attempt to answer characteristically historical questions; both may have metaphysical implications or
overtones; both employ characteristically historical forms of inference, explanation, and testing; and, finally,
both are subject to similar epistemological limitations. Hence, theories of creation or “intelligent design”
and naturalistic evolutionary theories appear to be what one author has termed “methodologically
equivalent.” Both prove equally scientific or equally unscientific provided the same criteria are used to
adjudicate their scientific status (provided that metaphysically neutral criteria are used to make such
assessments). These two theories may not, of course, be equivalent in their ability to explain particular
empirical data, but that is an issue that must be explored elsewhere.

See also Design Argument; Epistemology; God, Nature, and Science
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EPISTEMOLOGY
Frederick Suppe

Epistemology is that branch of philosophy concerned with investigating the natures of knowledge and belief
and their relations to each other and to such concepts as evidence, faith, rationality, and sensory experience.
Both religion and science attempt to bring order, understanding, and even control to the cosmos that human
beings inhabit. In recent generations, the understanding that religion provides has been increasingly
stigmatized as inferior to that of science. Where the two clash, religious understanding has usually suffered,
for religious beliefs are frequently taken to be merely matters of faith, whereas science is said to yield
knowledge.

This Standard Perspective drives much of the contemporary “science and religion” literature, such as
“God of the gaps” defenses that increasingly marginalize religious understanding to the ever-narrowing
“gaps” in scientific understanding. It even drives religious attempts to discredit evolution on the ground that
evolution theory does not meet the evidential standards of real science, from which it is concluded either
that evolution is every bit as much a matter of faith as competing religious beliefs or, with disingenuous
inversion, that competing creationist views are as legitimate a scientific theory as evolution.

Modern epistemology is dominated to a surprising degree by seventeenth- and eighteenth-century
rationalist and empiricist philosophical developments that do not support the Standard Perspective. Only
with Immanuel Kant (1724-1804) was the basis for the Standard Perspective laid: While science concerns
objects of experience, God is not such an object, and religion is grounded in the moral imperatives by which
humans must live. Today, epistemology is strongly conditioned by modern reworkings of rationalist,
empiricist, and Kantian concerns. Although the focus in this essay is on recent developments, the impact of
these historical influences is emphasized.

Epistemological findings have little informed contemporary science-versus-religion debates, which tend
to turn appreciably on uncritically accepted and poorly articulated epistemological assumptions that are
often at odds with opponents’ equally deficient assumptions. Later developments in epistemology have not
supported contentions that science is epistemically privileged over religion or vice versa.

Internalist Epistemologies

The classic twentieth-century articulation of the Standard Perspective has come from logical positivists,
who attempted to demarcate cognitively significant claims (exemplified by science, mathematics, and logic)
from metaphysical nonsense (exemplified by the metaphysical postulates of philosophical idealism and
other a priori views about reality). Logical positivists variously analyzed cognitively significant beliefs as
those that are either reducible to truths of mathematics and formal logic or else verifiable, testable, or
confirmable on the basis of sensory evidence or publicly experienced events such as the outcomes of
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scientific experiments. Anything else—even the cognitive-significance criteria—was metaphysical
nonsense.

Although positivistic doctrines have been exploited to discredit religious beliefs as cognitively
insignificant faith, positivists such as Rudolf Carnap (1891-1970) were much more circumspect in their
assessment of religious beliefs, especially Western ones. Attempts to prove the existence of God via
ontological and other arguments that invoked a priori metaphysical “first prin ciples” such as ex nihilo nihil
(nothing comes from nothing) were relegated to the status of metaphysical nonsense and, hence, not a
source of real knowledge. But Carnap and others were explicit in arguing that religious beliefs, to the extent
that they could be tested against experience, were cognitively significant and that those passing evidential
muster were as genuine as scientific knowledge.

Such emphases are consonant with central Judeo-Christian doctrines of the progressive revelation of a
personal God to persons through religious experiences judged veridical on the basis of intersubjective
experience (for example, the appearance of Jesus on the road to Emmaus or Moses’s parting of the Red Sea)
or by meeting canons of evidence such as Ignatius of Loyola’s (1491-1556) “Rules for the Discernment of
Spirits” or Pope Benedict XIV’s (b. 1675, p. 1740-58) Heroic Virtue, which are still used in beatification
proceedings. Many other religions have various ordeals or tests for public demonstrations of the veracity of
their claims.

Contemporary discussions of a priori knowledge center upon mathematics and so are relatively tangential
to science-religion debates. Our focus is the epistemology of the a posteriori and its relevance to scientific-
versus-religious knowledge. On most contemporary epistemologies, scientific and a posteriori religious
claims fare comparably.

The positivistic analysis exemplifies a foundationalist approach prominent since the Enlightenment.
According to this view, a class of epistemologically secure base knowledge—typically, a class of
experience-based beliefs—is distinguished from the remaining problematic knowledge claims.
Amplification principles are then sought whereby the base knowledge can provide adequate evidence for
some nonbase claims to qualify as knowledge. For example, on the basis of observations of vapor trails in
cloud chambers, physicists may conclude both the existence of unseen subatomic charged particles and
certain general principles about their behavior. The vapor-trail observations would be the base knowledge,
and inductive or other ampliative epistemological principles would extend the evidence to more problematic
claims about unseen particles and general laws.

The earliest foundationalisms posited that base knowledge must be incorrigibly certain (“beyond doubt™)
and thereby immediately confronted grave difficulties. Considerations of optical illusions and hallucinations
indicate that ordinary perceptual experiences can be mistaken and, hence, do not qualify as incorrigible base
knowledge. False prophets and the like indicate that compelling religious experiences are also corrigible
and, hence, do not qualify. Inductive generalizations from instances to generalized laws are uncertain since
unexperienced counterinstances may lurk ahead. Some sort of ampliative inductive principle stating that the
experienced instances are representative of unexperienced cases must be added to secure certainty;
however, that principle itself must be beyond doubt. David Hume (1711-76) showed that, if such principles
were a posteriori, empirical attempts to establish them with certainty would lead to a vicious infinite
regress. Kant construed them as synthetic a priori principles necessary and sufficient for perception, which
he unsuccessfully attempted to prove via transcendental arguments.

Some foundationalists argued that one could not be mistaken about one’s sensory experiences and
identified incorrigible base knowledge with such private sense data. Knowledge about even ordinary macro
objects such as tables and chairs was thereby rendered as problematic as atomic particles leaving vapor
trails in cloud chambers. Attempts to distinguish certain aspects of sense data (for example, John Locke’s
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[1632—-1704] primary qualities) as veridical representations of external objects were unsuccessful. Causal
analyses attempted to use scientific laws mediating the experience of physical objects to extrapolate the
physical events causing one’s sensory experiences. Such attempts succumb to a variation of Hume’s
regress, since those laws are empirical generalizations that must be validated on the basis of evidence about
the relationships holding between sense data and external events, and the latter can be obtained only via
recourse to already established laws.

Modern foundationalisms such as positivism’s abandoned the requirement that knowledge must be
certain, allowing either corrigible sense data or intersubjective publicly observable events to serve as
corrigible base knowledge. Some, taking a cue from Thomas Reid (1710— 96), allowed that religious
experiences could qualify as corrigible base knowledge. Ampliative principles warranting nonbase
knowledge were advanced, often construed probabilistically. Depending upon the approach to inductive
logic taken, such attempts required inductive principles that either could not be justified on a priori grounds
or else encountered probabilistic analogues to Hume’s regress. Many concluded that such inductive
principles could only be unsubstantiated presuppositions of induction.

Coherentist analyses begin with the supposition that knowledge need not be certain, but they reject
foundationalism’s basic/nonbasic bifurcation. Instead, it is supposed that, at any given time, a person has a
coherent set of beliefs and is free to add new beliefs that do not render one’s belief set incoherent.
Development of this basic idea in a manner consistent with scientific evidential practices—such as new
experiences impeaching prior beliefs—requires imposing further conditions that restrict the addition of new
beliefs and the restructuring of a person’s belief set. Such analyses also allow the possibility that different
groups of people will come up with coherent but incompatible belief sets, resulting in relativistic
epistemological pluralism.

Coherentist and foundationalist analyses share the assumption that knowledge consists of true beliefs for
which one has adequate evidence. If corrigible knowledge is allowed, then it is possible to have adequate
evidence for false beliefs. Intuitively, adequate evidence for a belief B should be adequate evidence for any
belief B' that is entailed by B. Edmond Gettier (b. 1927) showed that the supposition of adequate evidence
for false beliefs combined with the entailment condition for adequate evidence led to paradox:
Inappropriately held true beliefs B' qualify as knowledge under these twin suppositions. A series of attempts
to restrict the circumstances in which evidence for B accrued to entailed B' resulted in variant paradoxes.
Thus, most foundationalisms and coherentist analyses have ultimately proved unsatisfactory in their
attempts to account for even ordinary knowledge of physical objects, let alone nonbasic scientific or
religious knowledge. Such foundationalisms and coherentisms lend little support to the idea that religious
belief is epistemologically disadvantaged relative to science.

Foundationalists construe truth as a correspondence between belief and the world, whereas coherentists
construe it as a compatibility of reasonably held beliefs— essentially reducing truth to adequacy of
evidence. Paul Feyerabend (1924-94) argued that a correspondence truth condition was liable to the same
sort of regresses as were causal analyses, and so he urged that knowledge should be reduced to evidentially
supported complexes of belief that include unsubstantiated presuppositions. Thomas Kuhn (1922-96) and
others followed suit. Such moves do not by themselves serve to differentiate scientific from religious belief.
Indeed, Kuhn likens change of scientific presuppositions to religious conversion and sees science normally
operating within presuppositions (a paradigm) held as a matter of faith or conviction.
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Skepticism and the KK Thesis

Foundationalist and coherentist developments ultimately reinforce epistemological skepticisms wherein
even routine knowledge of macro physical objects is difficult or problematic unless knowledge is reduced to
congeries of group opinion. That skepticism is driven by a tacitly held principle known as the KK Thesis:

S knows that P entails S knows that S knows that P

which implies that to know that P you must know that P is true and must know that your evidence is
adequate.

Inductive knowledge depends on applying an ampliative inductive principle to a set of observations
representative of the general case G. Hume’s argument against induction further requires that you must
know that the inductive principle applies to the general case and concludes that the latter knowledge is
impossible on pain of regress. Hume’s argument tacitly invokes the KK Thesis and concludes that one does
not know that G is true even when the observational instances do, in fact, represent the general case (hence,
generalizations true of the observational instances are true of all cases). Deny the KK Thesis as a
requirement for knowledge, and Hume’s argument against induction collapses. So, too, do the variant
regress arguments against causal analyses and correspondence truth. Even skeptical arguments against
taking ordinary perception-based beliefs as base knowledge presuppose the KK Thesis. Inability to be
certain that ones perceptions are not hallucinations, dreams, optical illusions, or the effects of a malevolent
demon may show that you cannot be certain that your experiences are veridical evidence—even in
circumstances in which perception is operating in a normal reliable fashion. But only via invocation of
something like the KK Thesis does it follow that your evidence for belief is inadequate when perception
does operate in a normal reliable fashion.

Externalist Epistemologies

Internalist epistemologies reduce the evidential base for knowledge to the subjective or perceptual
experiences of individuals whose base is augmented by ampliative prin ciples. Externalisms allow much of
the evidential burden for knowledge to be borne by things external to the knower S’s sensory experiences,
such as empirical regularities governing perceptual interaction with the external world and the cognitive
operations involved in processing sensory stimuli. Doing so without succumbing to the regresses that befell
foundationalist causal analyses requires rejecting the KK Thesis and other principles demanding prior
knowledge of such processes as a condition for basing knowledge upon them. For externalisms, such
processes constitute the core of one’s evidential basis for knowledge.

Allowing the functioning of empirical and cognitive processes to be evidential for knowledge undercuts
foundationalist basic/nonbasic bifurcations of beliefs on the basis of, for instance, direct perceptual
experience of an event. Consider the knowledge that one has a full gas tank, which is gained by looking at
the gauge. Mediating perception of the gauge is a set of empirical regularities of light transmission, retinal
stimulation, and cognitive processing. The gauge reading is, in turn, mediated by a set of electromechanical
regularities holding between float valves connected to potentiometers, the transference of small currents,
and their conversion to a meter readout. My perception of the gas level is mediated by both the instrumental
and the perceptual sets of regularities. Both my “direct” perception of the gauge reading R and my
“indirect” perception of the gas tank level G are causally remote from my sensory experiences and mediated
via complex empirical regularities. I know the gauge reading R only if the regularities at work in this context
suitably tie my sensory experiences to the specific reading R—making my experience E be a detector for R.
(For example, if I would not have this specific sensory experience £ now unless the gauge were reading R,
then FE is a detector for R.) So, too, I know the gas level G by looking at the gauge only if the regularities at
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work make my sensory experience E a detector for the specific gas level G. Both “direct” and “indirect”
perceptual knowledge thus are either problematic or veridical in precisely the same manners. There is no
epistemologically significant difference between “direct” and “indirect” perceptual knowledge.

Reliabilisms are externalisms that locate evidential adequacy in the cognitive and sensory processes of
belief formation. Knowledge thus consists in those (true) beliefs that are formed in reliable manners in
response to sensory experiences. Causal reliabilisms identify knowledge of P with beliefs suitably caused
by P. But most reliabilisms focus upon the proper functioning of cognitive and perceptual mechanisms,
intellectual hygiene, or strategies for belief formation. Nonreliabilist externalisms separate belief-formation
processes from evidential adequacy, the latter construed in terms of sensory or cognitive states as decisive
indicators of the truth of the associated beliefs. Thus, in the case of the gas gauge, when, in response to
seeing the gauge read three-quarters full, I form the belief that there are fifteen gallons of fuel left, I would
know that there are fifteen gallons if the gauge reading were indicative of that fact under the circumstances.

Externalisms generally do an excellent job of accommodating common-garden perceptual knowledge,
although they often result in difficulties blocking counter-examples that center on unrealistic exotic cases.
Some nonreliabilist externalisms have been especially impressive in their ability to accommodate scientific
knowledge based on sophisticated experiments, statistical analyses, and even computer modeling. No
internalist analysis successfully accommodates such scientific knowledge.

Do such externalist successes with science disadvantage religious knowledge claims? There is no reason
in principle why godly events cannot cause religious beliefs to be formed or why sensory or cognitive
experiences cannot be indicative of religious truths. Many religions postulate both natural and supernatural
regularities that impinge cognitively upon humans. If one supposes, as some “God of the gaps” views do,
that God is restricted to exploiting just natural regularities (as does science), then the march of science
increasingly minimizes the scope for supernatural knowledge. But any such attempt to preclude externalist
epistemic exploitation of both supernatural and natural regularities smacks of question-begging scientism. The
spirit of externalisms is to allow the epistemic exploitation of whatever regularities happen to obtain.

The KK Thesis effectively collapses the evidential basis for knowledge to the considerations one can
adduce in defense of knowledge claims that inevitably fall short of proving the claim. Externalist and other
epistemologies denying the KK Thesis effectively drive a wedge between the evidential basis for
knowledge that P and considerations adduced in defense of claims to know that P. Thus, while
acknowledging that the latter considerations generally underdetermine the truth of the claim to know that P,
one can impose the evidential requirement that, for knowledge itself, the indicator states must be decisive in
the sense that they contextually guarantee the truth of the belief that P. Doing so automatically blocks the
whole family of Gettier-inspired paradoxes (since no false belief can have adequate evidence) and
simultaneously provides the epistemic power to accommodate sophisticated scientific knowledge.

One characteristic of scientific knowledge is that it imposes regimens of peer evaluation on knowledge
claims before admitting them into the realm of scientific doctrine. So, too, many religions have standards
for evaluating the genuineness of revelation, the authenticity of miracles, the truth of oracles, the quality of
theological deliberation on such experiences, and the like. In realms such as the law, there exist similar
gatekeeping institutions. From an externalist perspective, one is free to insist that authenticated scientific,
religious, or legal knowledge (for example) must both satisfy the epistemology’s evidential requirements
for knowledge and meet the credentialing standards that the associated social institution imposes for
admission into its public knowledge corpus. In science, we have peer review; in the law, judicial review; and
in religion, ecclesiastical review (as well as rules for the discernment of spirits, standards for Heroic Virtue,
and the like) as requirements that credentialed knowledge claims must meet. Again, unless question
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begging, such externalisms prove quite catholic in their accommodation of both scientific and religious
knowledge—whether construed as private or public.

Social Dimensions of Knowledge

Philosophers have traditionally viewed knowledge as private cognitive achievements, and they have
underemphasized social dimensions of knowledge, including the credentialing of public knowledge. In the
late twentieth century, philosophical awareness of social dimensions of knowledge has expanded, beginning
with the awareness that prepositional knowledge claims are couched in shared public language, and
extending to the concerns of Thomas Kuhn, feminists, and others who emphasize the social construction of
public knowledge.

The problem that most social epistemologies address is rooted in the skepticism endemic to private
epistemologies that assume the KK Thesis. Social epistemologists attempt to invert private skepticism by
seeking socially constituted objectivity. Eschewing both evidential certainty and correspondence truth, they
typically view knowledge as an inherently biased social construct. Knowledge reduces to knowledge claims
that pass muster under some socially constituted standards, which inevitably are biased and question
begging. The focal epistemological enterprise becomes preserving some sense of “objectivity” for
knowledge that rescues it from the debasement of an “anything goes” relativism, which deconstructs
continuity with Enlightenment notions of correspondence truth and rational comprehension of reality.

Feminist and other standpoint epistemologies argue that the perspectives of discriminated minorities who
survive in a majority-controlled world are more objective than the uncritical biases of the discriminating
majority—a view that could be extended to the relative epistemic legitimation of the experiences of early
Christians over their repressors and to liberation theologians today over the establishment church. So, too,
other social epistemologies stress the fact that some social groups are epistemically advantaged by virtue of
the questions they ask and the ways they seek to form their beliefs. Still others stress the relationship
between knowledge and power, especially as it involves the power to manipulate nature to produce decisive
indicators or to compel social acceptance of particular beliefs.

These are dimensions that potentially might redress alleged epistemological advantages of science over
religion. None of these social epistemologies claims to establish absolute objectivity for knowledge or
knowledge claims, but rather only relative epistemic advantage of one group’s claims over another. To an
appreciable degree, they attempt to legitimate minority claims to knowledge in the face of majority
dismissal. And in today’s scientistic society, religious claims are minority claims. If such relativistic
epistemologies disadvantage all religious knowledge claims over scientific knowledge, they are examples
of question-begging scientism.

However, religious knowledge holding its own in such a relativistic manner seems a hollow victory,
amounting to a crude version of the modernist-versus-postmodernist debates wherein science is demoted to
the discredited state to which modernism earlier had relegated religion. But just as there is growing
realization that the modernist-versus-postmodernist debates are inadequately drawn, so, too, are the
oppositions between those epistemologies that locate knowledge solely in the personal realm and the upstart
social epistemologies. Once one abandons the KK Thesis and comes to appreciate the power of driving a
sharp wedge between knowledge and claims to know—between the externalist evidential basis for
knowledge and the more internalist base one typically adduces in defense of claims to know—externalist
versions of more traditional objectivity constraints by evidence can be combined with the credentialing
insights of those who stress the social dimensions of knowledge.
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Both science and religion have strong, constructive aspects to the public knowledge they proclaim. Both
science and religion purport to exploit the experiences of individuals as a basis for knowledge, yet subject
the resulting knowledge claims to evaluation and possible credentialing into a public body of accepted
doctrine and putative knowledge. In both cases, such publicly credentialed knowledge is genuine scientific
or religious knowledge if it also is the personal knowledge of persons supplying it. Individuals may possess
far more knowledge about the subjects that either science or religion addresses, but, lacking such
credentialing, their knowledge will fail to be accepted as scientific or religious doctrine. There are false
prophets in both realms. Only by dogmatic invocation of question-begging scientistic or religious
assumptions do recent developments in epistemology afford distinctive advantage to either science or
religion.

Reconciling Science and Religion: The Role of Epistemology

Contemporary debates over the compatibility of science and religion have been poorly informed by the
epistemology literature—a literature that gives little consolation to those who seek to find radical disparities
in the qualities of knowledge that religion and science are capable of providing. The reason for this may be
that epistemology literature is poorly attuned to the sophistication and nuances of either real experimental
scientific knowledge or actual religious experience, of either theoretical scientific results or sophisticated
theological investigation. Yet, the epistemological literature itself addresses nuances and subtleties of
knowledge to which the science and religion literatures seem oblivious. Epistemology, philosophy of
science, and the science and religion fields tend to focus on their own concerns and literatures to the
exclusion of the typical experienced realities of scientific practice, religious experience, or the lived
experience of knowers. Nevertheless, there is reason to hope that more inclusive treatments sufficiently
informed by all these fields of meta-analysis and the realities of both scientific practice and religious
experience will enhance, and perhaps transform, our understanding of all five intertwined dimensions.
See also Demarcation of Science and Religion; Postmodernism; Social Construction of Science
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3.
CAUSATION
John Henry

The nature of causation, how one event or process might be said to produce and so explain another, has
been recognized as a site of major philosophical interest in which a number of interconnected difficulties
have been discerned. Are all events caused? Can all causes be expressed in the form of general laws? Is
there a necessary connection between cause and effect or is the supposed connection merely the result of
inductive inference? Does the concept of cause depend upon a notion of power? Must causes always
precede their effects? Fascinating as these and other associated questions are, we do not pursue them here.
The aim of this essay is simply to consider theological theories about the role of God in causation and the
way these ideas impinged upon and interacted with naturalistic theories of causation. As the theories of
causation themselves are not pursued here, we do not even consider the fortunes of teleological accounts of
the natural world and the notion of what are called final causes (the purposive reasons why particular
outcomes are brought about), even though there is a case for saying, as did Sir Thomas Browne (1605-82),
author of Religio Media (1642), that God’s providence hangs upon the existence of final causes.

Essentially, the theological account is easily told. God was regarded as the first or primary cause, the sine
qua non, of the universe and everything in it. On this much everyone in the Judeo-Christian tradition was
agreed. There were, however, two principal sources of disagreement. First, opinions were divided about the
extent of God’s direct involvement in the workings of the universe, some (although this was always a minority
view) regarding God as the sole active agent at work in the universe, others recognizing a hierarchy of
secondary (or natural) causes descending below God. Second, those who acknowledged that God chose to
operate not directly, but by delegating various causal powers to the world’s creatures, disagreed about the
fine detail that this picture involved. The resulting disputes seem to be about the level of God’s supervision
of, and involvement in, the secondary causes, some thinkers insisting that God’s omnipotence is best
illustrated by assuming that he delegates all things to secondary causes, others preferring to suppose that he
leaves some room for his own direct intervention. These questions were frequently bound up with
considerations of the nature of providence—that is, with differing opinions about what it meant to say that
God was omnipotent. All were essentially agreed that God could do anything that did not involve a
contradiction, but just what was contradictory and what was not was fiercely disputed. For some, God could
not create a substance without accidents (roughly speaking, an object without any properties) or create
matter that could think. For others, however, such things easily came within God’s ability, but it made no
sense to say that he could break the law of the excluded middle (according to which, a particular state of
affairs either is or is not; there is no third alternative) or create a weight so heavy that his omnipotence could
not lift it. In what follows, we try to confine ourselves strictly to the subject of causation, without straying
into discussions of providentialism, but it should be borne in mind that this is a somewhat artificial
distinction.
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Determinism versus Occasionalism

Although the religion of the ancient Greeks was polytheistic, it has been recognized that, among the
naturalist philosophers, there was a marked tendency toward monotheism. Believing in a supreme
intelligence capable of ordering and creating the world, they argued that a true god need not struggle with
other gods to exert his will (as in the various polytheistic myths), and they developed a notion of god that
was far removed from human limitations. Deriving principally from their wish to explain all natural
phenomena in terms of physical causes, the one god of the philosophers essentially represented the principle
of universal and immutable order and was not only physically transcendent but also morally so. The unified
divinity of Greek philosophers was unconcerned by the plight of mortals even though, as for example in
some interpretations of the “Unmoved Mover” of Aristotle’s cosmology, it might have been indirectly
responsible, through the chain of cause and effect, for their plight. In Greek natural philosophy, therefore, it
followed that accounts of natural processes did not refer back to the divinity (except in the case of creation
myths like that presented in Plato’s Timaeus), it being assumed that nature was entirely and unalterably
regular in its operations.

The earliest suggestions that such ideas made an impression upon Christian theology can be seen in
discussions among the early Fathers of God’s omnipotence, in which it is affirmed that, although God can
enact anything through his power, he chooses to enact things in a fitting way, according to what is “just” or
correct. This can be seen as a response to criticisms of pagan thinkers like Galen (A.D. 129—c. 210), the
great medical authority, who ridiculed the Christians for believing that God could make a horse or a bull out
of ashes in contrast to the pagan view that God would not attempt such a natural impossibility but would
choose “the best out of the possibilities of becoming” (On the Usefulness of the Parts of the Body 11.14).
The implication seems to have been that there was some natural necessity that, for a horse really to be a
horse, it had to be made of flesh and bone. Something like this idea even seems to have surfaced in
Christian popular culture. In a work attributed to the Venerable Bede (c. 673—735), we learn of “a country
saying” that “God has the power to make a calf out of a block of wood. Did he ever do it?”” Comments like
this seem to suggest a recognition among early Christians that nature is best understood in terms of its
regular operations and appearances.

In the Muslim tradition, however, the response to Greek philosophy took a somewhat different turn,
giving rise to a major examination of theories of causation. As a result of the impact of Greek ideas,
beginning in the eighth century and proceeding through the ninth, Muslim theologians were led to
emphasize the supreme omnipotence of God. Among the followers of the theologian al-Ash’ari (d. 935),
belief in this omnipotence culminated in the rejection of the natural efficacy of “secondary” agents. Based
at first on an interpretation of the Koran, in which it says, for example, that God “created you and your deeds”
(37:94), it was later given philosophical underpinning in a critical analysis of causality written by al-
Ghazali (1058-1111). Rejecting the determinism of Aristotelian philosophy, which did not allow for any
supernatural intervention, al-Ghazali insisted that there is no necessary correlation between what is taken as
the cause and what is taken as the effect. The supposed necessary connection between contingencies in the
natural world is based on nothing more than psychological habit. Logical necessity is a coherent notion, al-
Ghazali declared, but causal necessity is inadmissible, being based on the fallacious assumption that,
because an effect occurs with a cause, it must occur through the cause.

Al-Ghazali’s rejection of causation went hand in hand with the so-called occasionalist metaphysics of the
Muslim Mutakallims, which had been established since the middle of the ninth century. Seeking to prove
that God was the sole power, the sole active agent at work in the universe, the Mutakallims had embraced a
form of atomism. Believing, not unreasonably, that the existence of indivisible magnitudes in space entailed
the existence of indivisibles of time (since, if time were continuous, two indivisible particles might pass
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each other and be frozen in time at a point when they were halfway past each other, which, of course, is
impossible if they are indivisibles), the Mutakallims argued that God must recreate the world from one
moment to the next. Just as God created the atomic particles, so he creates the indivisible moments of time
one after another. In re-creating the world in this way, God re-creates everything as he did before, though
with numerous changes. What seems like a continuous pageant of changes in accordance with natural laws
of cause and effect is, therefore, merely the result of God’s way of re-creating the world in self-imposed
accordance with strict patterns and rules. When a natural entity is seen to act, it does not act by its own
operation; it is, rather, God who acts through it. There is no other meaning to the notion of cause and effect.

This occasionalism (so-called because it was held that an event did not cause an effect but merely
signaled the occasion at which God acts) was vigorously opposed by the Muslim Aristotelian philosopher
Averroés (1126— 98) and by the Jewish Aristotelian philosopher Moses Maimonides (1135-1204). Both
critics insisted that the reality of causal operations could be inferred from sensory experience and argued
that knowledge itself depended upon causality, since the distinction between what is knowable and what is
not depends upon whether or not causes can be assigned to the thing in question. This last point depends
upon acceptance of the important Aristotelian concept of form. A body, according to Aristotle (384-322
B.C.), is made up of matter and form, and it is the form that gives the body its identity, which includes not
only its principle of existence, but also its principle of activity. Additionally, Averroés objected to the
suggestion that activity is legitimately attributable only to an agent having will and consciousness. The
distinction between natural and voluntary activity must be maintained, Averroés insisted, because natural
agents always act in a uniform way (fire cannot fail to heat), while voluntary agents act in different ways at
different times. Besides, by emphasizing God’s voluntary action, the Mutakallims were anthropomorphizing
God, seeing him as a capricious and despotic ruler of the creation. According to Averroés, voluntary action
cannot be attributed to God because it implies that he has appetites and desires that move his will.

The Averroistic position led, however, to an extreme determinism that seemed to circumscribe the power
of God. This, among other Averroistic doctrines, enjoyed a certain success with early scholastic natural
philosophers in the revival of learning in the Latin West and was included in the condemnation of 219
philosophical propositions issued by the bishop of Paris, Etienne Tempier, in 1277. But what was to become
one of the main alternatives in the orthodox Christian view had by then already been worked out by Thomas
Aquinas (c. 1225— 74). Aquinas wished to maintain the notion of divine providence, effectively rejected in
Averroism, while combining it with a recognition of the usefulness of the Aristotelian notion of natural
efficacy. The difficulty here, however, is that there seems to be a duplication of effort. If the divine power
suffices to produce any given effect, there is no need of a secondary natural cause. Similarly, if an event can
be explained in terms of natural causes, there is no need for a divinity. Drawing upon Neoplatonic traditions,
Aquinas suggested an emanationist hierarchy of secondary causes in which inferior causes depend
ultimately upon the primary cause because they are held to emanate from it in the way that radiance
emanates from a light source. This was supposedly in keeping with God’s goodness, since it was a case of
God’s communicating his “likeness” to things, not merely by giving them existence, but by giving them the
ability to cause other things.

This was to become the dominant view of causation in Christian orthodoxy. Before pursuing that subject,
however, it is worth noting that occasionalism reappeared during the seventeenth century in the Christian
West. It emerged from the mechanical philosophy of René Descartes (1596—1650). Seeking to eliminate all
unexplained or occult conceptions from his natural philosophy, Descartes tried to explain all physical
phenomena in terms of the interactions of invisibly small particles of matter in motion. Apart from the force
of impact, resulting from a body’s motion, he rejected all explanations in terms of forces or powers,
regarding them as occultist notions. To characterize the different ways in which moving bodies behaved,
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Descartes introduced his three laws of nature and, following on from his third law (in which he gives a
broad characterization of force of impact), seven rules of impact. By applying Descartes’s rules, it is
possible in principle to understand or predict how colliding bodies will interact with one another (although,
in fact, Descartes’s rules incorporate a number of false assumptions).

In keeping with his wish to eliminate occult concepts from his philosophy, however, Descartes was
anxious to clarify what he meant by the force of a body’s motion: “It must be carefully observed what it is
that constitutes the force of a body to act on another body,” he wrote in his Principia Philosophiae (1644).
“It is simply the tendency of everything to persist in its present state so far as it can (according to the first
law).” But Descartes had already made clear in his discussion of his first law that the tendency of everything
to persist in its present state is not the property of a body itself but the result of the immutability of God.
Because of his immutability, God preserves motion “in the precise form in which it occurs at the moment
that he preserves it, without regard to what it was a little while before.” This accounts for the continued
motion of projectiles after leaving contact with the projector and for the tangential motion of a body
released from a sling. If the precise motions of bodies depend upon an attribute of God (his immutability), it
follows that the motions must be directly caused by God. As Descartes wrote in Le Monde: “It must be said,
then, that God alone is the author of all the movements in the universe.”

Although Descartes presented a picture in which God is directly responsible for the motions of every
particle in the universe and seems to operate in a discontinuist way, re-creating motions from moment to
moment, as did the God of the Mutakallims, he was rather coy about drawing attention to the theological
implications. A number of his followers took up these ideas, however, with varying degrees of explicitness.
The fullest system of occasionalism was developed by Nicolas de Malebranche (1638-1715), who was
driven by his own religious commitments to push Cartesianism in a theocentric direction. But there were
also several philosophical difficulties with the nature of causation that were avoided by taking an
occasionalist line. It was by no means clear to Descartes’s contemporaries, for example, that motion could
be transferred in a collision from one particle of matter to another, particularly if, as Descartes insisted, the
matter was completely passive and inert. As Henry More (1614-87), the Cambridge theologian, wrote in
response to the Cartesian account of collision in 1655: “For Descartes himself scarcely dares to assert that
the motion in one body passes into the other.... [I]t is manifest that one arouses the other from sleep as it
were, and in this way aroused bodies transfer themselves from place to place by their own force.” Clearly,
Mores account is too occultist to be acceptable to a Cartesian, but it nicely raises the philosophical issue of
causality that confronted Descartes’s philosophy. It also illustrates for the modern reader the Humean point
that our assumptions about cause and effect are habits of thinking. No modern reader would have any
hesitation in accepting the suggestion that motion is transferred from one body to another in a collision, but
for thinkers in an earlier age, with different habits of mind, such a view was as absurd as expecting color to
be transferred from one object to another in a collision.

Although occasionalism could extricate Descartes from his philosophical difficulties with causation, it
brought along with it a number of theological difficulties. For Isaac Barrow (1630—77), the Cartesian system
reduced God to a “carpenter or mechanic repeating and displaying ad nauseam his one marionettish feat.”
But worse, as Henry More pointed out, was that God seemed to be directly responsible for all of the evil of
the world, and, hence, human free will was made nonsense.

The Absolute and the Ordained Powers of God

In spite of powerful support in both of its historical manifestations, occasionalism never succeeded in
becoming part of the philosophical or theological mainstream. The alternative view, that God invests his
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creatures with causative principles of their own, was certainly the dominant view in the Christian tradition.
When Aquinas struck his middle way between the antiprovidential determinism of Averroism and the
theistic excesses of occasionalism, he was drawing upon an already established approach, in which the
Greek notion of natural efficacy was accommodated to the Christian view of an omnipotent deity. The chief
means of making this accommodation was through the distinction between the absolute power of God and his
so-called ordained power (potentia dei absoluta et ordinata). Although this distinction is not made fully
explicit until 1235, when it was used by Alexander of Hales (c. 1170-1245), he was clearly not the first to
have thought of it. In about 1260, when it appears in the Summa Theologiae of Albertus Magnus (1193—
1280), we are told that the distinction is customary. It has been suggested, with some plausibility, that it
derives from the earlier distinction, made by Origen (c. A.D. 185—c. 251) and others, between what God can
do and what he deems fitting or “just,” which was brought to the fore by Peter Damian’s (1007-72) De
divina omnipotentia, an attack on the excessive reliance on logical argument in theology.

By his absolute power, it was held, God could do anything. But, having decided upon the complete plan
of Creation, God holds his absolute power in abeyance and uses his ordained power to maintain the
preordained order that he chose to effect. Although God is entirely able to use his absolute power to change
things, it is safe to assume that all will proceed in accordance with his ordained power. Furthermore, it was
generally assumed that, by his ordained power, God had invested his creatures with their own natural
powers. Accepting the Aristotelian idea that the natural powers of a particular body were part of its identity,
it was believed that, if a body was devoid of any activity of its own, its existence would be pointless. God’s
ordained power was not, therefore, used to carry out all changes from moment to moment, as in
occasionalism. It was a creative power that established the system of the world, delegating causal powers to
things, and, subsequently, its role was to uphold the system. To thwart atheistic suggestions that the system
was capable of operating without God, it was usually held that the potentia ordinata was required to keep
the whole system in being. But, given that its existence was maintained, the system functioned by itself in
accordance with the laws of nature that God had imposed upon it. Indeed the so-called laws of nature were
recognized to be a shorthand way of referring to the sum total of causal powers possessed by bodies. Inanimate
objects were incapable of obeying laws, but natural powers always operated in specific and uniform ways so
that bodies might appear to be operating according to law.

Within this broad tradition of causation, however, there were nuances. William of Ockham (c. 1280- c.
1349), accepting the condemnation of 219 Aristotelian propositions of 1277, developed a radical empiricism
based on an emphasis on God’s absolute power. All that exists are contingencies created by the arbitrary
will of God. There are no necessary connections between things: Whatever might be performed by
secondary causes might be performed directly by God. So, in a particular case of combustion, an
assumption that it was caused by fire might be ill founded if God had directly intervened. Causal relations
could be established, therefore, only by experience, not by reason, and even our experiences might be
mistaken. Ockham’s empiricism proved influential, especially among theological voluntarists, who wished
to emphasize the role of God’s arbitrary will in Creation, even though it was usually tempered by a
perceived need to accept the real and reliable action of secondary causes. The emphasis on experimentalism
in the scientific method of Robert Boyle (1627-91) and other leading members of the Royal Society in the
late seventeenth century, for example, can be seen to be based on the same kind of theological concern with
the unconstrained freedom of God’s will, although in other respects Boyle and his colleagues were entirely
at ease with the notion of secondary causes and their uniform mode of action.

The famous dispute between Samuel Clarke (1675— 1729), speaking for Isaac Newton (1642—1727), and
Gottfried Wilhelm Leibniz (1646—1716) included a number of differences over the nature of causation.
Ultimately, these differences can be traced back to their opposed positions on the nature of providence,
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Newton being a voluntarist (who emphasized God’s arbitrary will and held him free to make any kind of
world he chose) and Leibniz a necessitarian or intellectualist (who held God’s reason to be his primary
attribute and who believed, therefore, that God was constrained by coeternal rational and moral principles to
create only this world—which must be the best of all possible worlds). Even so, both thinkers subscribed to
the general belief that God, the primary cause, had delegated causal efficacy to secondary causes. Leibniz
famously suggested that Newton’s God was a poor workman, continually obliged to set his work right “by
an extraordinary concourse.” But this was to take too literally Newton’s efforts to forestall suggestions that
the mechanical philosophy could explain all phenomena without recourse to God. Being aware that atheists
could appropriate to their cause a mechanical system of the world in which motions were always preserved,
Newton insisted that the motions of the heavenly bodies were in gradual decay and that God’s periodic
intervention was required to correct this decay. Although it was not unreasonable for Leibniz to assume that
Newton must have had a miraculous intervention in mind—that is to say, intervention by God’s absolute
power—it is clear from unpublished comments by Newton that he believed that comets were the secondary
causes through which the ordained power of God operated to replenish the motions of the planets.

The Rise of Secondary Causation

Natural theology, which achieved its heyday at the end of the seventeenth and the beginning of the
eighteenth centuries, was entirely based upon the traditional distinction between God and secondary causes.
And, as is well known, this distinction led to the flourishing of deism, which accepted the existence of an
omnipotent Creator and was willing to discuss the Creator’s attributes as revealed by the intricate
contrivance of his creation, but denied the validity of theological and religious doctrines supposedly gleaned
from revelation. When defenders of religious orthodoxy introduced reports of miracles into their attempts to
defend the importance of revelation, a number of the more radical deists even went so far as to deny the
possibility of miracles. Peter Annet (1693—1769), for example, used the immutability of God to argue that
he could not, or would not, interrupt the normal course of nature. Deism can be seen, therefore, as an
extreme version of the tradition of attributing natural efficacy to secondary causes, at the opposite end of the
potentia absoluta et ordinata spectrum from occasionalism. It can also be seen, of course, as a major source
for atheistic appropriations of explanations by secondary causes, in which the need for a primary cause is
denied.

By the nineteenth century, natural philosophers were so used to developing their theories in terms of
secondary causes alone—without introducing the deity— that the origin of new species of plants and
animals caused some embarrassment. The fossil record seemed to suggest that new species of animals and
plants had appeared on the earth at different times; creatures that were not found in earlier rock strata
suddenly appear in abundance. The comparatively new science of geology was called upon to account for
the changing face of both the earth and the habitat, which made it possible, perhaps for the first time, for
such new creatures to thrive. But geology and paleontology could say nothing about the origins of the new
creatures themselves. Secondary causation did not seem capable of extending that far. Here, then, were the
limits of natural science. The origin of species became the “mystery of mysteries,” to be left to the man of
religion. As William Whewell (1794-1866) said, it was a problem to which “men of real science do not
venture to return an answer.”

Needless to say, this abdication of the rights of science did not persist for long. A group of biological
scientists seeking to find the answer to this mystery developed theories of biological evolution. Once again,
these theories could be presented as the workings of secondary causes established by God. As Charles Darwin
(1809- 82) wrote in 1842, before he became an agnostic:
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It accords with what we know of the law impressed on matter by the Creator: that the creation &
extinction of forms, like the birth and death of individuals, should be the effect of secondary laws. It
is derogatory that the Creator of countless systems of worlds should have created each of the myriads
of creeping parasites and slimy worms which have swarmed each day of life on land and water on this
globe.

For many believers, Darwin’s theory of evolution pointed the way to a “grander view of the Creator,” in
which God was able to demonstrate his wisdom and omnipotence by ensuring the self-development of
different life forms through the workings of secondary causes.

It is perhaps an indication of the strong links between theories of secondary causation and belief in the
existence of God that anti-Darwinist Christians tried to dismiss Darwinism on the ground that it relied upon
chance, rather than cause and effect. This charge was vigorously rejected by “Darwin’s bulldog,”
T.H.Huxley (1825-95), who argued that evolution involved chance no more than the scene of chaos
presented at a seashore in a heavy gale: “The man of science knows that here, as everywhere, perfect order
is manifested; that there is not a curve of the waves, not a note in the howling chorus, not a rainbow glint on
a bubble, which is other than a necessary consequence of the ascertained laws of nature.” In our
postquantum age, in which Werner Heisenberg’s (1901— 76) uncertainty principle holds sway, it would be
harder for a scientist to talk so confidently of the necessary consequences of cause and effect, but this does
not mean that the uncertainty principle thwarted religious interpretations of the physical world. On the
contrary, believers immediately saw Heisenberg’s principle as a way of rejecting the determinism that had
been all too often appropriated to the cause of atheism. It would seem that theists are ever resourceful in
their use of contemporary scientific theory to support belief in God.

In later-twentieth-century physics, there has been a tendency to rely on mathematical formalism, rather than
cause-and-effect accounts, to lead from one claim about the physical world to another. It has even been
remarked that the word “cause” hardly appears in the discourse of modern physics. It seems unlikely,
however, that Albert Einstein (1879-1955) remains unique among modern physicists in believing that there
must be a real world controlled by causal mechanisms underwriting the mathematical formalisms discerned
in quantum physics. Moreover, causal accounts continue to be the raison d’étre of most other sciences.
Given the richness of the distinction between God’s absolute and ordained powers and the tradition of
secondary causation, it seems hardly surprising that many scientists continue to combine their science with
a devout belief in God.

See also Cartesianism; Medieval Science and Religion; Miracles; Physics; Varieties of Providentialism
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VIEWS OF NATURE
Colin A.Russell

The nature of nature has not only intrigued human beings since the beginning of recorded history. It has also
in many important ways helped determine their attitudes to the world and, indeed, to themselves and God.
Amidst all of the bewildering and kaleidoscopic changes of attitude over history, we can discern three major
paradigms, or models, each with its own distinctive characteristics, each exclusive of the others, and each
varying in prominence over time and space. In a word, nature has, to various persons and groups, seemed to
possess the attributes of a divinity, an organism, or a mechanism. These different conceptions have
overlapped in the past, but only at the end of the twentieth century have all three appeared together as
popular competitors in the Western world. Today, the dilemma facing postmodernism is which of them to
choose. In previous ages, there appeared to be little choice. We shall consider each model in turn.

Divinity
Belief in a godlike character of nature goes back to the ancient pre-Christian world. In a seminal study of
speculative thought in the ancient Near East, two writers made the following comment:

When we read in Psalm xix that “the heavens declare the glory of God; and the firmament showeth
his handiwork” we hear a voice which mocks at the beliefs of the Egyptians and Babylonians. The
heavens, which were to the psalmist but a witness of God’s greatness, were to the Mesopotamians the
very majesty of godhead, the highest ruler, Anu. To the Egyptians the heavens signified the mystery
of the divine mother through whom man was reborn. In Egypt and Mesopotamia the divine was
comprehended as immanent; the gods were in nature (Frankfort and Frankfort 1951, 257).

At Heliopolis, the Egyptians worshiped their all-powerful sun god Ra, for, in the Near East, that heavenly
body was clearly of blazing importance. Throughout the region, the deification of nature was most
obviously evident in the case of the earth. She was a divine power, Nintu, “the lady who gives birth,” and
also “the fashioner of everything wherein is the breath of life” (Frankfort and Frankfort 1951, 257-8). This
deification of the earth is still to be encountered in many cultures that have been relatively untouched by the
ideologies of the West. It was widespread in the ancient world, though, of course, its nature and extent
varied greatly. The Greek atomists, for example, would have none of it, and in Aristotle (384— 322 B.C.) it
was relatively unobtrusive, though it remains a feature of his four elements (earth, air, fire, and water),
which were named after Olympian gods. Aristotle was an organicist because he took principles derived from
the study of living things and applied them to all of nature (for example, metals mature in the earth, and all
things have natures that control their development). Plato (c. 427-347 B.C.), on the other hand, represents a
strong version of the organic view of nature, actually endowing the cosmos and all of its parts with life.
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Like many of his predecessors, Plato spoke of a psyche, a world soul that moves and animates the universe,
in which stars, planets, sun, and moon were described as that “heavenly tribe of the gods.” The influence of
Greek ideas persisted long into the Middle Ages and affected European attitudes to nature. But from about
the thirteenth century, Aristotelian natural philosophy prevailed over Plato’s ideas, though a strong
undercurrent of Platonic thought, to say nothing of popular mythology, kept alive a tenuous belief in a
divine universe until the resurgence of Neoplatonism during the Renaissance, when it blossomed once again
as a major component of Western thought.

Yet, one exception, as the Frankforts observed, turned out to be of immense importance: the Hebrew
scriptures. In them, not merely the psalmists but also the prophets denounced the worship of “the queen of
heaven” and of the gods of the forest grove. Yahweh alone must be worshiped, the God who is above all
nature and the Creator of it. From the very first page of Genesis, nature is portrayed as the product of God’s
creative activity, never as part of himself. The worship of all other gods was incompatible with the Hebrew
devotion to Yahweh, and those gods included both the deities of neighboring tribes and natural objects like
trees and animals. The Israelite was not even permitted to adore a replica of these objects that he had made
with his own hands.

These components of a rigorously enforced monotheism became part of the Judeo-Christian tradition. In
the early years of the Christian church, they posed particular problems to the patristic writers, who were
acutely aware of the parallel stream of Greek ideas that survived alongside Christian theology, not least
because they must have seemed much more “natural” to many people. Hence, the divinity of nature was to
become a matter of some controversy among the early Fathers, though all were agreed on the otherness of
God from his universe and fearful of a lapse into nature worship. At the time of the Renaissance, the revival
of Neoplatonism gave rise to a philosophy that was in essence pantheistic. It acknowledged the sun as the
supreme god of the heavens and justified the (supposed) circularity of the planets’ motion as a proper
expression of their divinity. Moreover, in popular consciousness, a divine cosmos had lingered for many
centuries. The Jacobean doctor Robert Fludd (1574— 1637) wondered if “this splendid Nature...is herself
god, or whether god himself is she” (Godwin 1979). Fludd may seem to have been working in the last
twilight of a divinized nature. Shortly afterward, with the mechanization of the universe, such theological
imaginings finally disappeared from science. Nature was effectively de-deified.

Organism

Even when men were reluctant to speak of nature as divine, for fifteen hundred years another tradition
lingered on in which the cosmos, if not deified, was at least regarded as having an inner life of its own. It
would be a mistake to suggest an absolute distinction between the divine and the animate conceptions of
nature, but for much of the time the difference is clear enough. This organismic view of nature persisted at
almost every level of European society. Sometimes it is hard to tell whether phrases are carelessly used as
mere colloquialisms and figures of speech or whether they are conscious expressions of views about the
world. Nevertheless, there is abundant evidence that, for many people, the world was alive with influences,
occult forces, and mysterious powers.

The church, however, had its reservations. Thus, Origen (c. A.D. 185—c. 251) believed that the heavenly
bodies had their own special “intelligences,” for which daring speculation he was condemned in A.D. 553.
Augustine of Hippo (354—430) could not decide whether “this world of ours is animate, as Plato and many
other philosophers think,” admitting that “I do not affirm that it is false that the world is animate, but I do
not understand it to be true” (Dales 1980, 533). Despite the doubts of Origen and Augustine, the strategies of
the early church Fathers included a deanimation of nature. In so doing, they were drawing heavily upon the
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Hebrew tradition they had inherited in the Old Testament. This tendency to deanimate nature persisted
through the Middle Ages. But it was not the end of the story.

One phrase that often appears particularly significant is “Mother Earth.” It takes us back to primitive
times and seems to have predated even the idea of “Mother Nature.” Mircea Eliade writes: “The image of
the Earth-Mother, pregnant with every kind of embryo, preceded the image of Nature.” It arose from a
projection of life on to the cosmos, thus sexualizing it, “the culmination and expression of an experience of
mystical sympathy with the world.” He adds:

It is not a matter of making objective or scientific observation but of arriving at an appraisal of the
world around us in terms of life, of anthropocosmic destiny, embracing sexuality, fecundity, death and
rebirth (Eliade 1962, 52, 34).

“Mother Earth” seems to have first appeared in Mesopotamia at about 2000 B.C. or earlier and has been
well described by the Assyriologist Thorkild Jacobsen, according to whom the universe was seen not only
as a living, sexualized organism, but also as a cosmic state, ruled over by a hierarchy of powerful gods.

With the rise of Greek civilization, some of these Mesopotamian notions of “Mother Earth” began to
appear in altered forms. “Mother Earth” came to be called Gaia, a reincarnation of the Mesopotamian
Ninhursaga. In the subsequent development of Greek proto-scientific ideas, however, she plays little part,
though in Roman literature she makes an occasional appearance (for example, in Virgil and Horace).

In the early centuries of the Christian church, the Fathers occasionally touched upon related subjects.
Eusebius (c. 260—c. 340), for example, writes of nature (not the Earth) as a universal mother, who is
nonetheless subject to God’s laws and commands; he denies the possibility of spontaneous causation. The
patristic writers emphasized the biblical traditions in contrast to those of the Greek atomists with their
totally impersonal, even materialistic, conception of nature. By the tenth century, the Muslim philosophers
al-Farabi (873-950) and Avicenna (Ibn Sina [980-1037]) were proposing a life-giving force with origins
beyond the material world itself, manifesting itself as animal, vegetative, and mineral souls, each being a
different aspect of one World Soul. This is perhaps the nearest that Islamic philosophy got to the concept of
an Earth Mother.

Throughout the Middle Ages, the ideas of the Christian church were almost inextricably bound up with
those of Aristotle and Plato. Common in the Aristotelian tradition was the notion of inherent tendencies: An
arrow eventually fell to Earth, for example, because it had some kind of “homing instinct.” Within the
Christian tradition, Francis of Assisi (1181/2—1226) composed his famous Song of the Creatures, which
referred to “our sister water,” “our brother fire,” and “our mother the earth, which...bringeth forth divers
fruits and flowers of many colors and grass.” In this celebration of nature, while Saint Francis managed to
avoid endowing it with divine qualities, his references to its own life were far from poetic conceits.

Abundant evidence indicates that, for many people living at the close of the Middle Ages, the world was
alive with influences, occult forces, and mysterious powers. This was even true of science and medicine.
With the Renaissance came a revival of Platonic thought. This Neoplatonism seems to have influenced
Copernicus (1473—-1543), for it was well represented in the great library at Cracow and rife in Bologna, at
both of whose universities he was an impressionable student. This may explain the residual organicism in
his view of nature, leading him to endow the sun with mysterious virtue and to suggest that the earth was in
some way “fertilized by the sun.” Such was the power of these strange “influences” acting over great
distances that Robert Fludd, wishing to heal a battle wound, applied his salve, not to the injury, but to the
arrow that caused it. Again, William Gilbert (1544-1603), physician to Queen Elizabeth I and father of the
science of magnetism, had a thoroughly animistic view of the earth. Although recognizing it as a giant
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magnet, he asserted that the whole universe was animate and that “this glorious earth” had a soul and “the
impulse of self-preservation” (Gilbert 1600, 104). It was a natural view to take, for magnetism and life do
have much in common, as Thales (fl. 585 B.C.) had recognized two millennia before. An organismic or
animated cosmos, or at least a living earth, appears frequently in poetry from Spenser to Wordsworth and
other Romantics of the nineteenth century. And while it disappeared from the technical literature of science,
it sometimes surfaced in the rhetoric of scientists such as Humphry Davy (1778-1829) and T.H.Huxley
(1825-95).

Mechanism

With the scientific revolution a process came to fruition that one author has called “the mechanization of the
world-picture” (Dijksterhuis 1961). It involved a recognition of the lawlike behavior of nature, of its
openness to new kinds of rational inquiry (including the experimental method), and of the moral rectitude of
investigating it (for the glory of God and the relief of man’s estate). It has been variously called a
“deanimation,” a “demythologization,” or a “mechanization” of nature. It marked a fundamental shift in
human perception of the world, comparable with its de-deification and sometimes associated with it. After
this, the appropriate metaphor for nature was certainly not a divinity and not even an organism, but rather a
mechanism.

Although the widespread adoption of this worldview can be located in seventeenth-century Europe, the
machine metaphor was hinted at centuries before. Thus, the notion of natural law was embedded in the
nominalism of William of Ockham (c. 1280—c. 1349) and later theologians. Although the existence of laws
does not necessarily imply mechanism, a mechanism must be lawlike in behavior. The laws of nature,
impressed on inanimate matter, were an expression of the providence of God, gloriously manifesting his
power and goodness. So it was that, for all of his animistic leanings, Copernicus as early as 1543 could
speak of “the machinery of the world, which has been built for us by the best and most orderly Workman of
all” (Copernicus 1543, 508).

It is pertinent to observe that this mechanical model of the universe was, of necessity, interpreted
mathematically, and some have suggested that a mathematical vision of the cosmos constitutes a fourth
model of nature. It looks back to Pythagoras (sixth century B.C.) and Plato in the ancient world and forward
to Albert Einstein (1879— 1955) and Arthur Eddington (1882—1944) in the twentieth century. Nevertheless,
it is not so much an ontological view of the world as a methodological tool. It can apply to divine,
animistic, or mechanical conceptions of the universe and has done so in the past to all three. It was,
however, most obviously indispensable in its application to a vision of the world as a machine.

A fully blown mechanical philosophy emerged in different forms at different places. One of the first to
make the pilgrimage from organicism to mechanism was Johannes Kepler (1571-1630). In 1597 he was
thinking in animistic terms, but by 1605 he had announced his intention “to show that the celestial machine
is to be likened not to a divine organism but rather to clockwork” (Westman and McGuire 1977, 41). Later
he had doubts, but these were resolved by 1621. An early mechanical philosopher of the scientific
revolution was Isaac Beeckman (1588-1637) of the Netherlands. He had inherited a Calvinist tradition,
which was to prove generally favorable to the mechanistic approach to nature, with its strong emphasis on
the otherness and providence of God as expressed in nature through scientific laws. The Roman Catholic
Church also had its own prominent representative in René Descartes (1596— 1650). Inspired by a dream in
1619, Descartes regarded the pursuit of mathematical and mechanical science a divine vocation. He moved
to Holland, where he published his great Discourse on Method in 1637. Other Roman Catholic mechanists
included Marin Mersenne (1588—1648) and Pierre Gassendi (1592—1655).



THE RELATIONSHIP OF SCIENCE AND RELIGION 47

In seventeenth-century England, Puritanism seems to have played an important part both in the early
progress of the new Royal Society, which was founded in 1660, and in the promotion of the mechanical
view of nature. After 1700, other theological groups have been credited with promoting Newtonian
mechanism, including Anglicans not of the high-church persuasion and promoters of the dissenting
academies. Meanwhile, Robert Boyle (1627-91) had condemned the Aristotelians for denying that the
universe was created by God, although they “were obliged to acknowledge a provident and powerful being
that maintained and governed the universe which they called nature” (Boyle 1688, 36). His assertion that
the universe was “like a rare clock, such as may be that at Strasbourg” was as clear an indication as any of
the appropriateness of the mechanical metaphor. Descartes, Boyle, and others sought to explain such diverse
earthly phenomena as heat, falling bodies, the spherical nature of drops, magnetism, the behavior of gases,
and the colors of chemistry in terms of matter and motion only. Early discussions in the fledgling Royal
Society were shot through with the conviction that the earth was a machine and part of an even greater
mechanism, the whole visible universe.

Of course, the full implications of a wholly mechanistic view of nature took time to be explored. In
England, the fear that expulsion of nonmechanical forces from nature would lead inexorably to atheism
strengthened the hands of the Neoplatonist school at Cambridge led by Henry More (1614-87) and Ralph
Cudworth (1617—88) in their opposition to Descartes. Isaac Newton (1642—1727), despite his monumental
achievement in discovering universal gravitation, continued to study alchemy and to believe in occult forces
in nature. Insisting that occasional divine intervention was necessitated by the facts of astronomy, he failed
to take the ultimate step of reducing all physical phenomena to mechanistic categories. That step was taken
by his successors, however, especially by Pierre Laplace (1749-1827), whose Systeme du monde (1796) and
Meécanique céleste (1799—1825) rendered Newton s “God of the gaps™ superfluous.

By around 1850, a mechanical world was nearly universal in physics, exemplified by Michael Faraday’s
(1791-1867) work in electricity and James Clerk Maxwell’s (1831-79) on the kinetic theory of matter.
William Thomson (Lord Kelvin [1824-1907]) said that he could not understand a thing unless he could
make a mechanical model of it. In organic chemistry, the old idea of a vital force was slowly eroded after
Friedrich Wohler’s (1800-82) synthesis of urea from allegedly nonorganic materials in 1828. Biologists
worked in expectation that their subject might one day be reduced to chemistry and physics. Even in
geology, a mechanical explanation of fossils began to replace an explanation in terms of “plastic forces” at
work in the earth, an organismic idea revived briefly in the nineteenth century by religious people whom
Hugh Miller (1802-56) called “the anti-geologists” (Miller 1881, 348—82). However, as early as 1833, it
had been banished as a “favorite dogma” from Charles Lyell’s (1797-1875) Principles of Geology. Since
then, geology has been mechanized almost beyond recognition by developments in, successively, glacier
theories, volcanology, and plate tectonics.

It is clear that, paradoxically, the mechanistic view of nature has been seen as both an enemy and an ally
of religion. This is because it was a complex set of ideas whose effects were widely varied. The element of
design implied in the clock mechanism spoke of the consummate skill of the clockmaker. Hence, from
Newton to Darwin a mechanistic nature became a routine tool of Christian apologetics in the form of
natural theology. In this case, mechanism and religion were in close accord.

But there were also negative points. Mechanism seemed to lead directly to materialism. A reductionist
view that the cosmos is nothing but an assemblage of atoms and forces might be conducive to atheism. The
argument was occasionally employed in antireligious polemics from the Enlightenment onward. Further
anxieties arose over another feature of mechanism: the element of self-sufficiency. The clockwork image
could restrict the clockmaker to an initial act of creation. Further unease was aroused by the possibility that
a purely mechanical universe might seem to be entirely deterministic. If so, there were legitimate questions



48 VIEWS OF NATURE

to pose about both human free will and divine providence. Finally, there was the question of abuse. A
mechanical universe can be abused with impunity, whereas one that is alive or even divine deserves more
respect. There is, of course, no logical justification for abusing a machine (particularly if it belongs to
someone else) merely because it is a machine, but the argument has a certain emotional appeal to those
disposed on other grounds to demechanize the earth and reinstate an organism in its place.

These apparent threats to Christianity from mechanistic nature proved to be less menacing than might
have been expected. In their rebuttal, attention was drawn to the fallacy of reductionism, to the alternative to
deism of a comprehensive biblical theism, and to the potential complementarity between determinism and
freedom. Indeed, with modern physics, the possibility of an iron determinism in nature seemed to be
undercut by advances in thermodynamics, in quantum theory and (some would say) in chaos theory. On
balance, it seems clear that both science and Christianity had good reasons for retaining a mechanical world
view.

The Dilemma of Postmodernism

The late twentieth century has seen the growth of a movement to revert to the idea of an organic or even a
divine nature. It has been triggered by a reaction against the rationality of the Enlightenment and a new
awareness of our environmental crisis. A critical question may be put in the following form: Given the
current ecological crisis, how should we readjust our ideas of nature? Two common responses have been
given. The first is to retain the status quo (that is, to maintain a mechanistic view of nature but hope that
environmental problems associated with it will somehow be solved). A second answer, growing in popular
appeal, has been to abandon the mechanistic worldview and revert to an organismic or even a divinistic
concept of the natural world. The latter view can be traced to the 1960s.

Prompted by the apparently cavalier attitude of many scientists to the environment, Lynn White (1907—
87) raised another doubt about current views of nature (White 1967). Was it, or was it not, something to be
exploited for the benefit of all or some people? In the aftermath of Rachel Carson’s Silent Spring (1962),
and at the height of the antiscience movement of the 1960s, he argued that many of our present ills stem
from the use (or misuse) of science and technology. He concluded that this approach is “at least partly to be
explained... as a realization of the Christian dogma of man’s transcendence of, and rightful mastery over,
nature.” If that is correct, then “Christianity bears a huge burden of guilt.” By “Christianity” White meant
orthodox belief, but he himself advocated a return to the rather heterodox naturalism of Francis of Assisi, in
which animate and inanimate objects are seen as “brothers” to be cherished, rather than as objects to be
manipulated.

Lynn White’s thesis has been much discussed at both theological and historical levels. It seems clear in
retrospect that its historical claim is much open to question, not least from an examination of the relevant
literature over several centuries in both science and theology. The writings of Francis Bacon (1561-1626),
John Calvin (1509-64) and his followers, William Derham (1657— 1735), and others consistently disclose a
concern for nature as a gift entrusted to their stewardship. To draw the conclusion that the church (or even part
of it) taught unrestrained plunder of the earth’s resources is to fall into the most elementary trap of selective
reading.

Furthermore, the global ecological crisis has many elements that cannot possibly be attributed to any
particular Christian view of nature: the rape of the forest on the Mediterranean seaboard in the centuries
before Christ; the fetid pollution of many rivers in the Indian subcontinent; the endangered species in
Buddhist lands; the appalling air pollution in inner-city Tokyo. Even if these examples are ignored, Lynn
White’s thesis suggests that reverence for nature could never be combined with a powerful desire to control



THE RELATIONSHIP OF SCIENCE AND RELIGION 49

and use it. Yet, there are many cases in which this has occurred. In fact, it was not Christianity but Marxism
that in the past argued most forcefully for the subjugation of nature, seeking dominion, conquest, and
mastery over it.

More recently, the alternative responses urged by White have often been associated with that very
heterogeneous group called “New Age.” One of its spokesmen, Sir George Trevelyan, founded the Wrekin
Trust with this objective:

We must learn to think wholeness, to realise the reality of the Earth mother and that our exploitation of
the animal kingdom and the rest of nature is piling up for us an enormous karmic debt (Trevelyan
1987).

This statement reflects a worldview totally incompatible with that of science for at least the last two
centuries and, in most respects, for far longer than that. It is, in fact, a return to the pre-Baconian organismic
universe, and it offers another prospect of a postscientific era. Whether this is to be desired is debatable. It has
been frequently observed that such a position is also diametrically opposed to that of orthodox Christianity.

The concept of “Mother Earth” has been widely used in such diverse circumstances as promotion of
environmentalism and the advertising of “natural” food products. So strong has been the reaction against
science and technology that some people regard all technical artifacts with suspicion, as when any noxious
substance is called a “chemical” regardless of whether it is manmade or not. With this has gone a frequently
uncritical faith in the desirability of “natural foodstuffs,” “nature cures,” and organic farming. In the West, a
whole subculture has emerged based on the ancient organismic view of nature.

More remarkable is the way in which the “Mother Earth” myth became transformed into something like a
scientific hypothesis. This process originated from a slow realization that the earth was involved in a number
of systems showing at least some degree of self-regulation or feedback. As far back as 1788, the Scottish
geologist James Hutton (1726-97) addressed the question of the virtually endless cycle of decay and repair
undergone by the earth’s surface. He suggested that the world is a kind of superorganism, not exactly alive
but probably more than a machine:

But is this world to be considered thus merely as a machine, to last no longer than the parts retain
their present position, their proper forms and qualities? Or may it not also be considered as an
organized body? Such as has a constitution in which the necessary decay of the machine is naturally
repaired, in the exertion of those productive powers by which it has been formed? (Hutton 1788, 216).

In 1834 William Prout (1785-1850) wrote of a “grand conservation principle” in the atmosphere. Even in
his day he was aware of something strange about the air, but he presumed that the “conservation” of air
quality was intended to prevent uneven distributions of gases, through, for example, consumption of all of
the local oxygen in a large conflagration. For Prout, such self-regulation in our environment was glowing
testimony to design in the world. Later, the concept of a “biosphere” emerged in a book on Alpine geology
by Eduard Suess (1831-1914), published in 1875. His “selbstandige Biosphare” implied a larger self-
regulating system, extending to living as well as nonliving objects. His ideas were largely unnoticed at the
time, though his term was taken up by the Roman Catholic philosopher Teilhard de Chardin (1881-1955).
The most dramatic return to something like an organismic nature came in the work of James Lovelock
(1919-), whose hypothesis concerning the self-regulating process that the earth continuously undergoes was
dignified by the Greek word for “Mother Earth,” Gaia. Indeed, Lovelock has stated that “[t]he Gaia
hypothesis supposes the earth to be alive.” However, it is easy to show that the term has a multiplicity of
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meanings and does not necessarily convey the intention to reanimate the earth (or all of nature). Moreover,
it has been employed for a range of purposes outside science, with rhetorical, political, and theological
intentions.

In conclusion, it is perhaps worth repeating that science, like Christianity, has had strong reasons for
retaining a mechanical worldview. To hold to an organismic nature is to revert to prescientific categories of
thought and, thus, to undermine one of the important bases of the modern scientific enterprise. In our own
era, once again an animate cosmos, pulsating with semidivine life, has gained a credibility not known for
four centuries. It has become a central theme of postmodernism and New Age movements, so that it is
possible to describe that era simultaneously as post-Christian and postscientific. As C.S.Lewis (1898—1963)
observed: “[W]e may be living nearer than we suppose to the end of the Scientific Age” (Lewis 1982, 110).
The human catastrophe attendant on the demise of science is hard to exaggerate, given a future demographic
explosion. It is the author’s opinion that neither of these two options is truly viable, and only a third
possibility remains: That is to retain the ideological and practical bases for science (which means a largely
mechanistic universe) and to couple them with a commitment to responsible stewardship. Only then will
nature (and humanity) have a chance.

See also Cambridge Platonists; Ecology and the Environment; God, Nature, and Science;
Macrocosm/  Microcosm;  Mechanical ~ Philosophy; ~ Natural  Theology; = Postmodernism;
Process Philosophy and Theology; Scientific Naturalism
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GOD, NATURE, AND SCIENCE
Stanley L.Jaki

Science deals with an external reality, usually taken for nature, writ large, that is equivalent to the totality of
material things or the physical universe. Such a nature, or universe, has been taken either for an entity not to
be reduced to something else or for something essentially dependent for its existence on a supernatural
factor, usually called God. Viewing nature as a self-explaining entity can translate itself into either a
materialistic or a pantheistic ideology. In the former, spiritual experiences are taken to be the result of the
processes of matter. In pantheistic theology, both nature and mind (spirit) are considered to be
manifestations of some divine principle, which pervades all nature but is ultimately not different from it.
The view that nature depends on God can be either theistic or deistic. In theism (essentially Christian theism
in the Western world), God is not only the Creator, but also the Sustainer, who can interfere with nature by,
say, working miracles in support of an information (revelation), which is superadded to what man can
deduce about God from a philosophical reflection on nature. In deism, God is thought to have removed
himself from nature’s workings and from human affairs after the moment of creation.

All of these ideological trends have one thing in common: They assume that nature is ordered and that the
human mind is capable of tracing out that order. One could, therefore, try to unfold on an analytical basis
the respective impacts of those various religious ideologies on the scientific enterprise. However, such an
approach would, at almost every step, imply historical considerations about science, and all the more so as
science has only gradually revealed itself as a strictly quantitative study of things in motion. It may,
therefore, seem more logical to specify, from the start, those impacts in their historical context, because
pantheism, theism, deism, and materialism represent also a historical sequence.

This sequence is not essentially affected by the fact that the Greeks, who are usually credited with the
dawn of scientific thinking in the West, showed markedly materialistic tendencies. Although among the
statements attributed to the lonians, who stood at the beginning of Greek philosophical and scientific
speculation, one finds remarks about nature as being full of gods, they usually put the emphasis on the
exclusive role of matter and motion. That trend was even more marked in the case of Anaxagoras (fifth
century B.C.) and the atomists.

It was in reaction to that dehumanizing trend that Socrates (469-399 B.C.) proposed the animation of all
matter so that a defense of the existence of an immortal human soul (anima) could be argued. According to
Socrates, all parts of matter move in order to achieve what is “best” for them, in strict analogy to man’s
striving for what is best for him. Such was Socrates’s way of “saving the purpose,” no matter what was the
object of inquiry. In the concluding sections of his Phaedo, Plato (c. 427-347 B.C.) gives some glimpses of
that new physics. Plato goes into details in the third part of his Timaeus, in which the living human body
serves as the explanation of the physical world. This third part, largely neglected by Plato’s interpreters,
stands in marked contrast with the first part, in which Plato sets up a geometrical explanation of matter in
terms of the five perfect geometrical bodies. The contrast is between two principles. One is called by Plato
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the principle of “saving the phenomena,” or a science that is confined to the task of correlating purely
quantitative data about things. The other is the Socratic program, which is left unnamed but which best
deserves the label “saving the purpose.”

Greek Pantheism

The full articulation of a new program for science, within which the concept of organism was the chief
explanatory device, is contained in Aristotle’s (384-322 B.C.) On the Heavens and Meteorologica, of which
the first deals with celestial, and the second with atmospheric and terrestrial, physics. They do not contain,
to recall a remark of E.T.Whittaker, a single acceptable page from the modern scientific viewpoint. This
“scientific” debacle is the result of Aristotle’s assumption of the radical animation of all nonliving matter,
as initiated by Socrates, who claimed that man’s soul (anima) is best manifested by his purposeful actions
aiming at what is best for him. It was, however, in the writings of Aristotle that this trend of attributing a
“soul” to everything was given a sweeping theological twist in a pantheistic sense. Since Aristotle deified
the universe in that sense, he had to deny that the universe could have been created out of nothing.
Consistent with this denial, he also rejected the view that the actual universe was only one of the infinitely
many possibilities for physical existence.

The Prime Mover of Aristotle is a part, however subtly, of the sphere of the fixed stars, which obtains its
motion through an emotive contact with the Prime Mover and directly shares, therefore, in its “divine”
nature. This sharing is the source of all other motions in the Aristotelian universe, in both its superlunary
and its sublunary parts. In both parts, things are animated to move naturally in order to achieve their
purpose by reaching their natural places. This animation of nature, in a more or less pantheistic sense, which
discouraged a quantitative (or geometrical) approach to nature, is everywhere noticeable in the discourse of
post-Aristotelian Greek thinkers, especially when their extant writings are sufficiently extensive.

It should seem significant that not even the non-Aristotelians among the ancients took issue with
Aristotle’s patently wrong statement (On the Heavens 1.6) that the rate of fall is proportional to the mass of
the body, a statement that logically follows from his “animation” of nature. The scientifically valuable (that
is, quantitatively correct) achievements in Greek science seem to have been worked out mostly in isolation
from broader views of nature. Among them are Eratosthenes’s (c. 275— 194 B.C.) geometrical method to
ascertain the size of the earth and a similarly geometrical method by Aristarchus of Samos (c. 215—c. 145
B.C.) to deduce the dimensions of the earth-moon-sun system. These achievements form an indispensable
basis on which all subsequent science rests. They made possible the Ptolemaic system as the culmination of
Greek efforts, at the instigation of Plato, “to save the phenomena.” This phrase expressed the
methodological conviction that the complex and variable planetary motions could be reduced to, and
explained by, a simple and harmonious geometrical model. Still, when the extant corpus is fairly large, one
cannot help noticing the intrusion of traces of the Aristotelian, and at times worse, forms of animization into
scientific discourse. There are traces of it even in the A/magest of Ptolemy of Alexandria (second century
A.D.). His astrological compendium, Tetrabiblos, remains the “Bible” of that animistic preoccupation. In
his “physical” astronomy, a work on planetary hypotheses, Ptolemy considers the coordination of planets in
terms of human beings. Only Archimedes’s (c. 287-212 B.C.) writings do not show any trace of this
animization of nature.

The ancient Greeks certainly recognized something of the nonideological character of quantitative
considerations about nature, but, owing to the pervasive presence of pantheistic considerations, they failed
to make the most of that character. The pantheistic conviction that the superlunary matter is divine
prompted opposition to Anaxagoras’s idea that a large meteor, which hit Aegospotami in 421 B.C., could
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come from above the moon’s orbit. The pantheistic animation of the world also lurked behind the
opposition to the heliocentric system proposed by Aristarchus of Samos.

In pantheism, the human mind is in particular a sharer in the divine principle. Therefore, pantheism
encourages the idea that the human mind has some innate insights into the overall structure and workings of
nature. This idea fosters an a priori approach, as opposed to an a posteriori, or partly experimental and
observational, approach. This is particularly clear in the case of Aristotle’s dicta on the physical world. This
aprioristic influence could be harmless when the subject matter of investigation was rather restricted. There
is no trace of pantheism in Aristotle’s valuable observational researches in biology. Of course, there the
subject matter consisted of living organisms that, in all appearance, acted for a purpose, and, therefore, there
was no special need to fall back on the broader perspective of a pantheistically colored animation of nature.

The animation of nature exerted its unscientific impact with particular force in respect to the study
of motion. First, it was asserted that since only the superlunary region was totally divine, matter in that
realm obeyed laws of motion different from those of ordinary, or sublunary, matter. Moreover, this
dichotomy between superlunary and sublunary matter implied that the latter was not truly ordered in its
motions and interactions. Again, it was one thing to predict planetary positions; it was another to work out a
physics of the motion of planets together with the motion of bodies on the earth. Here pantheism, as
codified by Aristotle, blocked any meaningful advance. For, in Aristotle’s system, the motion of planets
(and even of things on the earth) was but a derivative of the motion of the sphere of the fixed stars, which,
in turn, had its source in a continuous contact, however refined, with the Prime Mover. And since the source
of all motion was thought to reside in that kind of contact between the Mover and the moved, the logic of
that starting point demanded that all motion be explained as a continuous contact between the Mover and
the moved. This, however, meant a rejection of the idea of inertial motion, which, as will be seen, proved to
be indispensable for the eventual birth of a science that could deal with that most universal aspect of
inanimate material things, which is their being in motion.

Greek science, with its major achievements and stunning failures, represents a tantalizing case of the
most crucial, and most neglected, aspect of the history of premodern science. That aspect consists of the
invariable failure of all major ancient cultures to make a breakthrough toward the science of motion. The
ultimate root of that systematic failure is theological, a point that will stand out sharply when we turn to the
impact that theism had on science. That theism was Christian theism.

Christian Theism

The possibilities that a theistic conviction could hold for science first appeared in the writings of Athanasius
(c. A.D. 296-373), a resolute defender of the strict divinity of the Logos (Christ), through whom God the
Father created all. If, however, the Logos was divine, its work had to be fully logical or ordered and
harmonious. This theological insistence on full rationality in the created realm inspired Augustine of Hippo
(354-430) to lay down the principle that, if conclusions that science safely established about the physical
world contradicted certain biblical passages, the latter should be reinterpreted accordingly. This is not to say
that this principle quickly or invariably found a praiseworthy implementation among Christian thinkers. But
it acted as part of a broader perception within Christian theism wherever serious attention was paid to Paul’s
insistence that Christians should offer a well-reasoned worship (Romans 12:1). Hence, the rights of
scientific reasoning were protected whenever the rationality of faith was defended against various
champions of fideism or against the claim that faith in a supernatural mystery is the condition for the
understanding of this or that plainly philosophical proposition.
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More generic, though very powerful and still to be fully aired, was the impact that the Christian doctrine
of the Incarnation had. According to that doctrine, a real human being, Jesus Christ, was the “only begotten”
Son of God, in the sense of possessing a truly divine status. For those adhering to that doctrine, it was
impossible to embrace the tenet, popular among Greek as well as Roman authors, that the universe was the
“only begotten” emanation from the divine principle. Hence, Christian theism contained a built-in antidote
against the ever-present lure of nature worship or pantheism.

Apart from these general principles, Christian theism also showed its potential usefulness for science in
some particular matters, as can be seen in the writings of John Philoponus (d. c. 570). He was the first to
argue that, since stars shine in different colors, they should be composed of ordinary matter. The argument
had for its target the divine status ascribed throughout pagan antiquity to the heavens, a status that
introduced a dichotomy in the physical universe and thereby set a limit to considering scientific laws as
being truly universal.

The crucial impact of Christian theism on science came during the intellectual ferment brought about by
the introduction of Aristotle’s works to the medieval educational system during the latter part of the thirteenth
century. Whatever the medieval enthusiasm for Aristotle, his pantheistic doctrine of the eternity and
uncreated character of the world was uniformly opposed from the start as irreconcilable with the basic
tenets of Christian theism. With John Buridan (c. 1295—c. 1358), the opposition took on a scientific aspect
as well. For if it was true that the world, with its motions, had a beginning, then one could logically search
for the manner—the Zow?—in which that beginning could be conceptualized. Buridan explained that zow?
was an eminently scientific question by saying that, in the first moment of creation, God imparted a certain
quantity of impetus (or momentum, as it was called later) to all celestial bodies, which quantity they keep
undiminished because they move in an area where there is no friction. Such a motion, insofar as it implied a
physical separation between the Mover and the things moved, is the very core of the idea of inertial motion,
to employ a term to be used later.

In the context of his commentaries on Aristotle’s On the Heavens, Buridan carefully notes that “inertial”
motion, insofar as it is a physical reality, does not mean absolute independence of things from the Creator.
Anything, once created, remains in existence only through the Creator’s general support, which is, however,
distinct from the act of creation. In other words, Buridan is not a forerunner of deism. In deism, there is no
room for such a support. Buridan’s notion of a created world implies, in a genuinely Christian vein, the
world’s utter, continuous dependence on the Creator. The depth of createdness reveals, in turn, a Creator so
superior to his creation that he can give his creation a measure of autonomy without any loss to his absolute
and infinite supremacy. Similar is the theological background of Oresme (c. 1320-82), Buridan’s successor
at the Sorbonne, who looked at the world as a clockwork. While the world had already in ancient times been
referred to as a clockwork, Oresme used that concept with an important theological surplus. This is why
Oresme’s clockwork universe is not an anticipation of Voltaire’s and other eighteenth-century deists’
celebration of the idea of a clockwork universe.

Buridan’s step can be seen rather as an anticipation of the Cartesian or Newtonian idea of inertial motion
as long as one focuses on that step’s very essence. It lies deeper than the difference between a circular and a
rectilinear motion. There is no question that Buridan retained the Aristotelian idea of a naturally circular
motion for the celestial bodies. But he broke with Aristotle on the truly essential point—namely, that
celestial motions were not caused by those bodies remaining in a quasi-physical contact with the divine power.
This represented the crucial breakthrough toward the Cartesian formulation of linear inertia and of its
incorporation into Newton’s laws of motion.

That Buridan’s and Oresme’s teaching about motion was a genuine product of their Christian theistic
thinking is shown by the eagerness with which it was espoused in the fast-growing late-medieval and early-
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Renaissance university system. Buridan’s and Oresme’s doctrine was carried by their many students at the
Sorbonne to the far corners of Europe. Among the many universities with copies of Buridan’s commentaries
was Cracow in Poland. It was there that Copernicus (1473—1543) learned a doctrine that sustained him in
his efforts to cope with the dynamic problems created by the earth’s motion in his system. With his vast
articulation of the heliocentric system, Copernicus forced the physics of motion to the center of scientific
attention. There was, of course, plenty of room to improve on the medieval doctrine of impetus, but only
because that doctrine opened the way for meaningful advances toward a fully developed science of motion,
which came only with Isaac Newton’s Principia. One cannot overestimate the support that Christian theism
afforded Copernicus and the major early Copernicans, especially Johannes Kepler (1571-1630). It was
becoming increasingly clear that data of measurements were to have the last word concerning the structure
and measure of the physical world. While the rhapsodically pantheistic Giordano Bruno (1548-1600)
merely promoted confusion, Baruch Spinoza (1632—77) was so consistent with his pantheism as to be
unable to explain why there had to be finite things, if everything was part of the infinite God.

Separating Science and Religion

Nothing showed so much the methodological independence of a fully fledged science from theology as the
complete absence of any reference to God in the first edition of Newton’s Principia (1687). Newton (1642—
1727) contradicted that independence when he invoked, in the General Scholium that he added to the
second edition of the Principia (1713), the Pantokrator as the all-powerful, infinitely dynamic Creator
described in the Bible. Moreover, that Pantokrator is pictured as intervening periodically in the workings of
the solar system so that it may stay in equilibrium.

The opposition of Gottfried Wilhelm Leibniz (1646— 1716), a convinced Christian, to belief in God’s
periodic interventions in nature created a celebrated dispute that distracted from the influence of the
Principia in respect to the relation of religion (be it pantheism, deism, or theism) to science. While a theist
may take comfort from the fact that the author of the Principia was a genuine theist, there is nothing in that
work that could not be equally useful and valid within any religious or nonreligious framework. This is so
because the Principia, to quote its full title, is an exposition of the “mathematical principles of natural
philosophy” (emphasis added). This means that, as long as exact science is a quantitative study of the
quantitative aspects of things in motion, it enjoys a full independence from all ideological, religious, and
theological perspectives. And this holds true in respect both to the formulation of a major scientific theory
and to its subsequent interpretation. Hence, the relation of pantheism, theism, and deism to science is a
matter that is essentially different in its status before and after Newton’s Principia. Before the appearance
of that work, which preceded the robust emergence of deism in the Western world, pantheism and theism
could play their respectively inhibitory and creative roles in science. After the Principia, exact science had a
broadly articulated mathematical, or quantitative, structure that safely operated within its own set of
methodical canons and retained a very large measure of independence from participating scientists’
religious or antireligious motivations.

This was not fully understood during the eighteenth century, and certainly not by deists, who claimed to
have a better perspective on science because of their freedom from the fetters of Christian dogma. No deist
of the eighteenth century is known to have spurred a major advance in the physical sciences. Voltaire (1694—
1778) was at best a popularizer of Newtonianism. Nor could he live easily with the proverbial piety of
Leonhard Euler (1707-83), to whom goes the credit of unfolding a great many consequences of Newton’s
physics. Whatever Pierre Laplace’s (1749—1827) personal philosophies (he changed them as a weathervane
turns with the prevailing political winds), his claim that his cosmogonic theory did not need God as a
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hypothesis expressed concisely the true character of the mathematical investigation of matter in motion. It
was enough for the physicist to assume, as a matter of commonsense truth, that matter and motion existed
and were measurable. Hence, after the Principia, the religious or antireligious interpretations of science
could touch