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In 1994 the John Templeton Foundation began the Science and Religion
Course Program (SRCP) and turned what had been a small, sputtering
discussion over the relationship between the natural sciences and reli-
gion into a large international debate. Our book aims to add a new di-
mension to that debate by bringing in the voice of the social sciences. It
also is an expression of what has come to be known as the Toronto Ap-
proach to the science-religion dialogue.

Between 1996 and 1999 the SRCP workshop held annually in Toronto
developed a distinctive style. Its approach was to be open, inclusive,
and tolerant of differing points of view. The Toronto workshop welcomed
more religions than Christianity, more sciences than physics and biol-
ogy, and historians and social scientists as well. It had a much broader
understanding of religion than just academic theology, and it saw eth-
ics and technology as issues that must be addressed. In addition it was
populist, believing that the dialogue between science and religion was
as much for the scientists in the lab and the believers in the pew as it
was for the academic elite. Its style was also playful and, at times, mis-
chievous (taking an afternoon off to discuss science fiction, for instance).
Although the Toronto workshops have been canceled as a result of policy
changes within the Templeton organization, the international commu-
nity that was formed in Toronto has become a voice in the science-religion
dialogue in its own right.

As the subtitle of this book indicates, what we are offering here is a
social perspective on the relationship between religion and science. Much
of the present literature in the area reflects efforts by theologians to talk
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about science, or by scientists (particularly astronomers, physicists, and
evolutionary biologists) to talk about religion. Tremendous advances in
our understanding of our selves and of the structure of the universe have
given rise to new perspectives on matters of intelligent design, creation,
evolution, and the place of humankind in the overall order of things.
Thus, the traditional division of labor between theologians and scien-
tists has broken down, and the quest to answer some of the ultimate ques-
tions of existence has become an open arena for scholars from many
disciplines. Historians like John Hedley Brooke have provided a great
deal of contextual information and detail on the interactions between
theologians and scientists as they confront these issues, while philoso-
phers have provided insight into the nature of the arguments and evi-
dence used by these scholars.1 What the social sciences have to offer is
a broader perspective on the relationship between religion and science,
expanding beyond the realm of theory to include the practical questions
of technology and ethics. The social sciences can explore both science
and religion as practices, as ways of ordering our lives, as systems of
meaning, and as institutions.

Our approach to the social sciences is itself interdisciplinary, drawing
primarily from history, sociology, and science studies. The reader should
be aware that there are a variety of schools of thought within science
studies, including, for example, the strong program of David Bloor and
Barry Barnes, the functionalism of Robert Merton, the actor-network
theory of Bruno Latour, the social epistemology of Steve Fuller, the an-
thropology of science of Karin Knorr Cetina, and a variety of feminist
approaches, such as those of Evelyn Fox Keller, Sandra Harding, and
Donna Haraway.2 Each school approaches the study of science in its own
way, and it would be a mistake to make one speak for the others. We
will call upon the various insights of a number of these perspectives.

The unifying theme of the book is the metaphor of the seamless web
of science, technology, religion, and ethics. We will look for the subtle
relationships, tacit understandings, unrecognized assumptions, forgot-
ten history, symbols, and implicit myths that tie all four elements to-
gether. We will redraw the usual disciplinary boundaries, analyzing
science through religious categories. This will expose some of the im-
ages and assumptions that have constructed walls and will allow the
dialogue to begin to develop a dialectical understanding of science and
religion that is both more holistic and more oriented toward ethical ac-
tion than could arise from just another discussion of natural science theo-
ries and academic theology. To the extent that we can do this, we hope
to embody the Toronto Approach.

Our book is a fully collaborative effort that tries to embody the science-
religion dialogue in the discussions among the four of us. In addition
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to our primary disciplinary foundations—religious history, the sociol-
ogy of religion, science and technology studies, physics—all of us are
cross-trained in other disciplines. All of us teach classes that are
Templeton Foundation Course award winners. Three of us have semi-
nary training. We each gain insight from a different faith tradition: Roman
Catholic, Lutheran, Presbyterian, and Anglican. While we all acknowl-
edge and strongly affirm that the science-religion dialogue does and
should encompass more religions than Christianity, we also realize our
own limitations and have no desire to try to appropriate the voice of
others.

The Plan of the Book
The structure of the book will look at science and

religion by borrowing, rather playfully and metaphorically, from Max
Weber’s categories of religious thought: soteriology, saintliness, magical
causation, theodicy, and mystery (with due recognition to Steve Fuller’s
Science, which pioneered this technique).3 Since Weber was one of the
originators of “value-free” science, which emphasized the importance
of the researcher’s remaining objective, the final section combines mys-
tery and objectivity in an appropriately Weberian manner. While the bulk
of each chapter has its origins in the disciplinary perspective and re-
search interests of one or another of the authors, in the end, we have
tried through discussion and debate to ensure that the whole represents
a collaborative effort on our parts.

The introduction makes the argument that the social sciences be-
long in the science-religion dialogue. Over the past century and a half,
thick boundaries have been drawn between science and religion, which
has led most people to think that there is either an automatic conflict
between them or that they have nothing to say to each other. Fortunately,
those boundaries are beginning to break down as the science-religion
dialogue grows, but the social sciences have largely been left out of the
discussion. We examine three models of the relationship between sci-
ence and religion, arguing for an inclusive model that sees a seamless
web between science, religion, technology, and ethics. We then briefly
look at some of the potential contributions that the social sciences could
make to the dialogue, and we elaborate on Max Weber’s categories of
religious thought.

Soteriology, Weber’s first category, is the term used to describe ideas
about salvation. Part 1 looks at science as salvation. When social scien-
tists step back from the content and theories of science and examine its
functions and discourse, science is revealed as implicitly religious. The
sacred myth of science proclaims science as salvation. This “scientific
worldview” portrays science as progress toward knowledge and ratio-
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nality that will liberate us (“the truth will make you free”). By “demy-
thologizing” science, the social sciences open up the science-religion
dialogue by allowing us to understand the origins, as well as the inter-
nal and external consequences, of this worldview.

Chapter 1 takes the view that if it is legitimate to examine religion
scientifically, it should also be possible to examine science religiously.
Science and religion are both elaborate systems of meaning, with im-
mense institutional frameworks to support them. Yet, both rely on com-
munities of faith to support them, whether that faith is in God or in the
power of the scientific method. What truth may lie at the heart of either
science or religion is of less importance than how each of them provides
answers to the pressing questions of existence. It is common in contem-
porary society, with all of its scientific and technological marvels, to link
our freedom to our own abilities, but just as with religion, it takes a leap
of faith.

Chapter 2 is an examination of the history of science as a discipline
and a study of its evolution from the late nineteenth century to the
present. Specifically, this chapter suggests that the way that the Scien-
tific Revolution has been understood as a historic event has both shaped
and been shaped by the role of science in the twentieth century. If one
views science as an ever-increasing body of knowledge, then the his-
tory of science becomes a history of success stories. If, on the other hand,
one views science as a human activity, the history of science becomes
the story of both the successes and the failures, and the contexts in which
they unfolded. It is suggested that the current debates around the Sci-
entific Revolution as a meaningful historical concept reflect ambivalence
about the role of science in contemporary society.

Part 2 looks at saintliness, Weber’s second category of religious
thought, in science. Saintliness refers to the idea that there are always
special individuals who stand out because of their dedication, genius,
or both, and who demonstrate that religion—and science—when taken
seriously, are a vocation or calling. Saints provide exemplars for the com-
munity. The saint is a potent image. But here ambiguity enters in. First,
the image is always different from the reality. Images of science create a
gap between how it is portrayed and how it is practiced. Second, im-
ages have power, and we often accept them unconsciously. Images of
scientific saints serve to establish science as authority and as an alter-
native to religion. The social sciences can make important contributions
to the science-religion dialogue by analyzing science as an active prac-
tice of discovery and debate engaged in by a community. As a practice,
science becomes a process of knowing rather than a corpus of truths about
the natural world, divorced from any context, which the nonexpert must
accept on faith.
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Chapter 3 examines the images that introductory biology textbooks
project of scientists and the scientific method, and pictorial representa-
tions of scientific models. One of these images is the scientific genius
as a secular saint. It concludes with a few reflections on what these im-
ages mean for the science-religion dialogue.

Chapter 4 examines the greatest of scientific saints, Isaac Newton,
and finds him to be more of a Faust figure. On the one hand, Newton’s
genius was the culmination of the Scientific Revolution, and his phys-
ics still has great importance for our understanding of the world. On
the other hand, Newton was a mystic who wrote voluminously on
alchemy and biblical prophecy. The chapter concludes with some re-
flections on what the philosophy of naturalism, derived from Newton’s
science, means for the dialogue with religion.

Part 3 examines Weber’s third category of religious thought, magical
causation. The Scientific Revolution drew boundaries that separated
science from its earlier association with magic. In spite of a strong and
continuing rhetorical rejection of magic, a social scientific analysis of
scientific practice reveals that in scientific discussion of causation and
in technology, these boundaries are not so clear. This has ethical and
political implications that the science-religion dialogue needs to address.
We approach science and technology as magic through three different
lenses: the substantive, the functional, and the symbolic.

Chapter 5 takes a historical perspective and looks at the definitions
of magic, religion, and science as they evolved over time in Western so-
ciety. In order to understand the distinctions that we make, it is valu-
able to examine how each of these categories was understood prior to
the modern period. The chapter shows how prescientific Western cul-
ture understood the interaction of the material and spiritual realms and
suggests that what really changed with the rise of science was the attitude
that scientists began to take toward the inexplicable and the invisible.

Chapter 6 employs a functional analysis of magic in an exploration
of the healing power of prayer and the controversy over the source of
the AIDS epidemic. Both of these phenomena demonstrate the tenuous
relationship that can exist between cause and effect. We do not under-
stand how prayer heals, and yet, with the growing amount of evidence
to support the fact that it can and does cure, it is increasingly difficult
for medical science and the public to ignore. Similarly, the AIDS epi-
demic is having a frightening and all too real impact on the people of
every country, but especially on those in several African nations. What
causes AIDS? Where did it come from? We simply do not know. Like
the mechanism through which prayer heals, AIDS appears to have just
come into existence, as if by magic.

Chapter 7 uses a symbolic perspective in seeing technology as magic.



xii P R E F A C E  A N D  A C K N O W L E D G M E N T S

The chapter is built around a case study of the recent “magic box” ad-
vertising campaign by IBM. Why, in our supposedly secular society,
would one of the world’s largest technology companies want to refer to
its products as magic? The search for an answer to that question reveals
some of the symbols and myths underlying our discourse about tech-
nology, and a few of their spiritual, ethical, and political implications.

Theodicy, Weber’s fourth category of religious thought and the sub-
ject of part 4, is usually explained as the answers religion gives to the
questions of suffering and death. The notion of theodicy is closely re-
lated to ideas about salvation and centers on the concept of justice,
whether God-given or emerging out of the scientific enterprise. Chapter
8 raises the problem that mass extinction poses for theodicy. This chapter
is a case study of the controversy surrounding the discovery that sixty-
five million years ago a comet or asteroid struck the Earth, exterminat-
ing the dinosaurs and 70 percent of all the other species on the planet.
A sociological analysis of this controversy reveals the workings of sci-
entific practice. The more we understand about how scientists work, the
richer our dialogue can become. Also, the history of the controversy re-
veals some of the implicitly religious ideas embedded in scientific theory.
And finally, the content of the discovery itself both challenges many as-
sumptions in the science-religion dialogue and raises in a particularly
strong form the question of theodicy.

Mystery, that which is unknown, was the final category of religious
thought, according to Weber. What is the relationship between mystery
and objectivity, and does it mean that conflict between science and re-
ligion is inevitable? The so-called science wars that raged throughout
the nineties answered that it does and raised in dramatic form many ques-
tions that also lie at the heart of the science-religion dialogue. Using the
science wars as a foil, in part 5 we argue that there is a necessary ten-
sion between the poles of mystery and objectivity. Truth is found in the
tension between them and is lost when the tension is abandoned for one
pole or the other. The social sciences bring a crucial means of under-
standing and retaining this tension to the science-religion dialogue.

 Chapter 9 provides an analysis of the science wars in order to dem-
onstrate that philosophical and metaphysical squabbles often detract from
the more important tasks of actually doing science and studying the part
that it plays in the construction of contemporary society.

Chapter 10 combats the mystification of science by describing how
working scientists, particularly physicists, approach the creation and
validation of scientific knowledge and the relationship between differ-
ent ways of knowing reality. It concludes that there is nothing in sci-
ence that necessarily excludes religion.

The tensions between mystery and objectivity are not new. Using
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history as an exemplar of interpretive social science, chapter 11 shows
that the natural sciences are now facing challenges that the social sci-
ences have had to face over the past century and a half. In particular,
the understanding of language developed by interpretive social science
may be of value in understanding the relationship between objectivity
and mystery.

Chapter 12 looks at two contrasting ways of knowing: the quest for
certainty, as exemplified by the science wars, and an understanding of
truth as dialogue. After criticizing the quest for certainty and its fear of
relativism, the chapter explores the work of Alfred Schutz on the na-
ture of symbols and multiple realities to demonstrate the centrality of
dialogue. This approach can ground the science-religion debate.

We would like to take this opportunity to recognize the efforts of
Thaddeus Trenn, Don MacNally, and Gordon Baker in creating and sus-
taining, for at least four years, the formal and informal environment that
allowed the Toronto workshop to thrive.

Chapter 1 is adapted from Robert A. Campbell, “The Truth Will Set
You Free: Towards a Religious Study of Science,” Journal of Contempo-
rary Religion 16 (2001): 29–43. Used with permission.
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it leaves something to be desired as a formula for academic life. Mod-
ern universities are all too often characterized by the barricades sepa-
rating departments and disciplines. Nowhere is this more apparent than
between science and religion.

One belief common today is that science and religion are mutually
exclusive. Some self-appointed spokespeople, for either science or reli-
gion, proclaim that the more there is of one, the less there will be of the
other. They profess that either science or religion has a monopoly on
truth. Even more frequent is the belief that science and religion have
nothing to say to each other at all. Millions of people live their lives
with their faith and their knowledge of the world securely stored in sepa-
rate compartments.

This has not always been the case. For most of Western history, re-
ligious faith and knowledge of the natural world walked hand in hand.
Indeed, as we will see in chapter 2, until the nineteenth century most
people did not see a necessary opposition between the two. The pro-
cess of drawing boundaries between what today we call science and re-
ligion has been long, complicated, and at times painful.

Good fences make good neighbors. That may be
sound advice for the open range or the backyard, but

Introduction
Finding a Place
at the Table

Science and religion have different purposes,
different limitations, different modes of action. But
they are both part, and I would argue a necessary
part, of every culture and every person. They need
to exist in some vital and healthy whole in which
each is integral. This means not simply a tacit
agreement to ignore each other but open inter-
change between them with all the possibilities of
mutual growth and transformation that that
entails.

—Robert Bellah, Beyond Belief

1
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Fortunately, over the past half century a number of individuals and
small groups dedicated themselves to continuing a dialogue between re-
ligion and science. Then in 1994 the John Templeton Foundation began
offering substantial monetary awards for classes on religion and science.
This input of resources transformed what had been since the 1950s a rela-
tively small discussion among a few scholars and church people into a
large international debate. While the volume and pace of work in this
area has increased, a peculiarity of the current debate between religion
and science is that, with the notable exception of the history of science,
the social sciences are usually ignored. They have not been invited to
the table.

In this book we argue that without the inclusion of the social sci-
ences the science-religion dialogue is incomplete. Much of the dialogue
to date has been an effort either by theologians to talk about science or
by scientists (particularly astronomers, physicists, and evolutionary bi-
ologists) to talk about religion. This is fine, as far as it goes, but the dia-
logue so far has tended to be very theoretical and, quite frankly, abstract.
All too often, the focus of discussion has been the impact of scientific
theories on religious beliefs. What the social sciences have to offer is a
broader perspective on the relationship between religion and science,
expanding beyond the realm of theory to include other, more practical,
issues like those of technology, ethics, and politics. The social sciences
are uniquely equipped with analytical tools to explore both science and
religion as practices, as ways of ordering our lives, and as institutions.

In this book we will redraw the usual disciplinary boundaries, ana-
lyzing science through religious categories. This will expose and demys-
tify some of the images and assumptions that have constructed walls
between them. We will argue for the importance of maintaining a cre-
ative tension between science and religion, between objectivity and mys-
tery, between Creation and the Word. This, we believe, will allow the
dialogue to begin to develop an understanding of science and religion
that is both more holistic and oriented toward ethical action.

In this introduction we will first look at some of the reasons the social
sciences have been ignored. This involves examining the nature of the
process of drawing identity boundaries and the models used to guide
the debate. Once we have found a model that invites the social sciences
to the table, we will show some of the benefits that they can bring to the
game. We conclude the introduction by setting out the framework that
we will use for our own exploration of the seamless web of science,
religion, technology, and ethics.
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Left out of the Game
Why the social sciences have not been major play-

ers in the science-religion debate in recent years is not clear. In the past,
the social sciences were deeply involved. The founders of modern so-
cial science played a prominent role in drawing the boundaries between
science and religion in the nineteenth century. For example, August
Comte, the founder of sociology, postulated a “Law of Three Stages” that
claimed science would replace religion. Historians John Draper and An-
drew White first articulated what today would be called the “conflict
approach” to the relationship between religion and science later in the
century. Karl Marx, Emile Durkheim, Max Weber, and Sigmund Freud,
all argued, each in his own way, that science would supplant traditional
religion.

In the twentieth century, active involvement in the debate by the
social sciences continued. The sociology of religion, in particular, had
long discussions on the relationship between science and religion, usu-
ally under the rubric of secularization. As the modern science-religion
dialogue developed in the 1950s, Ralph Burhoe, the founder of the In-
stitute for Religion in an Age of Science and the journal Zygon—and
the person who has perhaps done more than any other to shape the cur-
rent form of the debate—was also prominent in the early years of the
Society for the Scientific Study of Religion, the largest group of soci-
ologists of religion.1 But today, for whatever reason, those drawing the
boundaries for the dialogue have left social science outside.

This can be demonstrated by a content analysis of Zygon, regarded
as the premier journal in the field by many. The content of articles pub-
lished between 1994 and the first half of 2000 were analyzed, includ-
ing review essays but excluding editorial material and book reviews. This
period covers the massive increase in the debate due to the John Tem-
pleton Foundation’s financial support. Of 281 articles, only 34 (12.10
percent) referred to social science, and of these sociology was mentioned
in only 12 (4.27 percent) and psychology in 13 (4.63 percent). Another
13 articles (4.63 percent) mentioned feminism. By contrast, sociobiol-
ogy was discussed in 42 articles (14.95 percent) and neuropsychology
in 29 (10.32 percent). These were articles that mentioned social science,
not that necessarily were about social science or were presented from a
social science perspective. Some were critical of the social sciences.

If social scientists want to find a place at the table, they will have
to redraw the boundaries of the debate. This may not be easy. Drawing
boundaries has always been a difficult social task. It is a process of defi-
nition and demarcation in which criteria of inclusion and exclusion are
applied to both define one’s own identity and separate that identity from
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others. Identities are fluid, and their boundaries are never simply “given”
but are constructed as the need arises in specific historical situations.2

For example, what it means to be a scientist is not automatically
bestowed by granting a degree. Astronomers are a good illustration. On
one occasion (while trying to recruit prospective science majors, for in-
stance), they may need to distinguish their work from that of chemists
or biologists and draw lines of distinction between the sciences by ap-
pealing to such things as subject matter, specialized techniques, and so
on. Studying the stars is what distinguishes them from other scientists.
At another time (during, say, a television interview about astrology), they
may identify with chemists and biologists as fellow scientists by call-
ing upon a shared scientific method in opposition to “pseudoscience.”
Studying the stars, in this case, neither makes them different from other
scientists nor establishes any kinship with astrology based on a com-
mon “subject matter.”

Because so much energy is expended in boundary work, it is not sur-
prising that the results would be strongly defended. Indeed, challenges to
established boundaries are often perceived as threatening. One way of pro-
tecting them is to see them as “natural” and “the way things are.” However,
problems may result if boundary walls become too high or impermeable.

This, we believe, is to a large extent what has happened to science
and religion in modern society. The process of demarcating science and
religion as separate realms tends to both reify and fragment our systems
of meaning. The science-religion dialogue has gone a long way in breaking
down the walls, but, we argue, it has not gone quite far enough.

In order to make the science-religion dialogue more inclusive of the
social sciences, it would be useful to examine how its boundaries have
been constructed by analyzing the models of the debate itself. In the cur-
rent debate there are three models that illustrate ways of relating sci-
ence and religion. One, that of Ian Barbour, has clearly been dominant
and has structured much of the dialogue that has taken place over the
past decade. It has recently been challenged by the models of Stephen
Jay Gould and of Ronald Cole-Turner.

Ian Barbour’s Models
Ian Barbour actually has two models, one of the re-

lationship between science and religion and another for science, tech-
nology, and society. We will look at both (see figs. I.1 and I.2). His model
of science and religion has been the dominant one in the debate.3 It is
widely copied in textbooks and has been institutionalized in the John
Templeton Foundation’s approach to the dialogue.4 A few other schol-
ars have developed models that are variations on Barbour’s.5 Most of what
we say about Barbour applies equally to these variants. Barbour’s ap-
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proach is typological, listing four types of relationship between science
and religion.

The first type is conflict, which sees science and religion as mutu-
ally exclusive and inherently incompatible. This approach creates strong
and thick boundaries between science and religion. Conflict arises be-
cause proponents of either science or religion claim a monopoly on truth.
Scientific materialists, such as Richard Dawkins, Stephen Weinberg, or
Jacques Monod, believe that science is the only valid form of knowl-
edge and that it can explain all of reality. Religion is therefore false. Bib-
lical literalists are examples from the side of religion, arguing that the
first two chapters of Genesis give a full and accurate account of the for-
mation of the universe. Scientific theories are therefore false.

The second type is independence. Here the boundaries are also strong
and thick, but science and religion are seen as separate spheres that do
not make claims upon each other. For theologians and philosophers, such
as Karl Barth, Rudolf Bultmann, George Lindbeck, and the early Langdon
Gilkey (interestingly, Barbour does not mention any practicing scientists),
science and religion have contrasting methodologies, subject matter, and
languages that simply do not compete. This approach has been institu-
tionalized in the “mainstream” churches and is probably the position
most commonly held by the public.

The third type, dialogue, sees that the spheres of science and reli-
gion are separate but do indeed impinge on each other, requiring dia-
logue between them. There are a wide variety of positions here. Typical
kinds of questions include: What are the presuppositions and limits of
science? Are there methodological parallels between science and reli-
gion? Is there a nature-centered spirituality? A few examples of people
working from this position are Wolfhardt Pannenberg, Karl Rahner, David
Tracy, and Michael Polanyi.

Figure I.1 Ian Barbour’s Model of Ways to Relate Science and Religion
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The fourth and final type is integration, “a more systematic and ex-
tensive kind of partnership between science and religion [which] occurs
among those who seek a closer integration of the two disciplines.”6 This
usually takes one of three forms. Natural theology, as exemplified by
William Paley or Richard Swineborne, sees God’s design revealed in sci-
entific findings, or, as it is usually put, the book of nature reveals God
as much as does the book of Scripture. The theology of nature argues
that specific scientific theories may affect the content of theology. This
approach includes Arthur Peacocke, Pierre Teilhard de Chardin, and
Barbour himself. Finally, a systematic synthesis, as argued by process
theologians such as John Cobb and Charles Hartshorne, tries to build
an inclusive metaphysics that unites religion and science.

There is great value in Barbour’s model, and it has shaped most of
the debate over the past decade. Nevertheless it has a number of limita-
tions. We think it has three problems in particular.

First, while Barbour’s model has considerable merit as a typology
of the science-religion debate as it exists at present, it lacks both dy-
namics and historical agency. It is static and ahistorical.7 Positions are
categorized without explanation of how those categories arose or of the
dynamics of the debate within or between positions. Each position is
defined by its essence, rather than seen as the result of boundary work.
In other words, Barbour presents us with boundaries but does not let
us watch how those boundaries were constructed. But unless we can
understand the dynamics and trajectories of a debate, we cannot fully
comprehend it.

Second, Barbour presents a model of dialogue between academic the-
ology and a rather surprisingly narrow range of scientific theories rather
than between a full spectrum of science and religion. He discusses what
the content of science means for theology, instead of seeing both as pro-
cesses or practices. It is a very abstract, intellectual, and circumscribed
model. Other than a few incidental references, social dimensions are left
out. The experiential and community aspects of science are notably
absent, while those of religion are brief and abstract. There is no mean-
ingful discussion of institutions and power relationships. As a conse-
quence, there is little room for the social sciences. In Barbour’s expanded
Gifford Lectures, for instance, the sociology of science is dismissed in
less than two pages, while the sociology of religion is ignored altogether.8

Feminism does slightly better, meriting four pages and scattered refer-
ences elsewhere.9 This volume does acknowledge the importance of his-
tory, but these chapters are quite clearly “added on” and are not the center
of his analysis.

Finally, Barbour sharply separates theory and practice. He writes ex-
tensively on technology and ethics, but these are in separate volumes
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from his work on science and religion, in which technology is barely
mentioned. Barbour maintains the distinction between “pure” science
and the “applied” science of technology, and he generally exempts the
former from criticisms aimed at the latter.10

This final criticism is well illustrated by Barbour’s second model,
developed in his second series of Gifford Lectures.11 In this volume,
Barbour discusses the social dimension so conspicuously absent from
the first. He presents three models of the relationship between science,
technology, and society. The first is linear development, which sees sci-
ence leading directly to technology, which in turn impacts upon soci-
ety. He rejects this model. The second is technological determinism,
which sees technology as the causative factor in both science and soci-
ety. He rejects this as well. Both of these models portray one-way rela-
tionships and neither allows for interplay between the three elements.
His own position he calls contextual interaction, which sees mutual in-
teractions between science, technology, and society (see fig. I.2).

In doing this, however, Barbour reveals a flaw in his second model.
He talks about science, technology, and society as three separate entities
that, while they may influence each other, remain essentially distinct.
Science and technology are portrayed as apart from, albeit influenced
by, society, not as integral elements of society. So in spite of his exten-
sive discussion of science and values, lurking in his model are the sepa-
ration of science from society and the theoretical from the practical. In
this second work he presents a magisterial overview of ethical issues
involving technology, but its connection to his model of the science-
religion dialogue is unclear and indistinct.12

As a consequence, Barbour may have a useful model of the science-
religion debate, but it is deficient as a guide for the debate. Given the
dominance of Barbour’s model, it is perhaps not surprising that social
scientists have rarely found a place at the table. But recently two new

Figure I.2 Ian Barbour’s Model of Science, Technology, and Society
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models of the relationship between religion and science have appeared.

Stephen Jay Gould's Model
Stephen Jay Gould has articulated a model of

the science-religion dialogue that is deliberately at variance with that
of Barbour. Gould calls his model NOMA, for Non-Overlapping Magisteria
(see fig. I.3).

Gould defines a magisterium as “a domain where one form of teach-
ing holds the appropriate tools for meaningful discourse and resolu-
tion.”13 Science and religion are each magisteria. Each holds sway over
its own domain, science over the empirical realm of fact and theory, and
religion over the domain of ultimate meaning and moral value.14 The
two domains do not overlap, but their boundaries are not permanently
fixed. “A magisterium,” he says, “is a site for dialogue and debate, not
a set of eternal and invariable rules.”15

Gould is sharply critical of those who step over the boundary into
the other domain. Creationists are lambasted for trespassing into the
magisterium of science, but he is equally harsh with those scientists who
dismiss religion or pronounce on matters of faith or morals. He singles
out for criticism some papers presented at a conference, “Science and
the Spirit,” sponsored by the John Templeton Foundation for their
syncretism, the blending of the two domains.

Perhaps because of that, Gould has been sharply attacked for advo-
cating an “independence” position in which science and religion have
nothing to say to each other.16 Such criticism seriously misrepresents
Gould’s argument. While the two domains are separate, he argues, “the
contact between magisteria could not be more intimate and pressing.”17

He explains: “The two magisteria bump right against each other, inter-
digitating in wondrously complex ways along their joint border. Many
of our deepest questions call upon aspects of both magisteria for differ-
ent parts of a full answer—the sorting of legitimate domains can become
quite complex and difficult.”18 This means dialogue is essential between

Figure I.3 Stephen Jay Gould’s Model

Non-Overlapping Magisteria (NOMA)
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the two, because “any interesting problem, at any scale . . . must call upon
the separate contributions of both magisteria for any adequate illumi-
nation.”19 On some questions, such as the composition of the periodic
table, theology has nothing to say. Others, such as the doctrine of the
atonement, are beyond the scope of science. But for most of the impor-
tant issues of the day—Gould uses the example of genetic engineering—
debate is necessary to determine where the proper boundaries lie.

Gould consciously patterns his position after that of the nineteenth-
century Darwinist Thomas Huxley, but the philosophy behind it is the
trifurcation of reason developed by Immanuel Kant during the Enlighten-
ment. Science, for Gould as it was for Kant, is the domain of the cognitive-
instrumental, religion that of the practical-moral. And while the
aesthetic-expressive is not formally part of Gould’s model, he recognizes
its domain as well.20 Gould maintains that as magisteria, science and
religion are different in their essence. However much they may need de-
marcation at the frontier, each is characterized at its core by unique, nec-
essary, and invariant qualities that distinguish them from each other.21

So Gould is not presenting anything radically new—his separation of
fact from value, of science from ethics, is part of the mainstream of mod-
ern thought. His model does, however, create a few problems.

First, while separate magisteria may be clear so long as one remains
in the realm of pure theory, their separation becomes problematic as soon
as one moves to the practical. Since Gould wants to promote dialogue,
not compartmentalized solitudes, he cannot escape the dilemmas that
occur as soon as an individual or group tries to resolve a real problem.
Inevitably, when one becomes practical, the empirical and moral are in-
termixed. Technology, in particular, becomes problematical. Because tech-
nology is instrumental, questions of both how and should are inherent
in its practice. Technology crosses the boundaries between the realms
of facts and values and defies separation into distinct domains.

Lying just beneath this first problem is a second. Since the magisteria
are nonoverlapping, is either complete in and of itself? If religion is de-
nied claim upon “factual” reality, is it left without a foundation? Can
one meaningfully discuss either morals or ultimate meaning without
making claims upon empirical reality? Conversely, if separated from
value, is science merely instrumental and scientists no more than amoral
technicians? If so, how can one account for the norms and values that
scientists themselves use to demarcate the scientific community? This
challenges Kant’s separation of fact from value. Philosophers may want
to disconnect values and facts, but historians and sociologists testify that
people blend the two in their practice every day. Perhaps a model should
account for that.

Finally, while Gould does not rule out the social sciences in prin-



10 W E B S  O F  R E A L I T Y

ciple, he does not bring them into the dialogue either. It is not easy to
see where they fit into his conception of NOMA. So while Gould’s model
is more dynamic than Barbour’s and is clearly intended to be a model
for the science-religion dialogue and not just of it, it goes no further in
creating a place at the table for the social sciences.

Ronald Cole-Turner’s Model
A third way of talking about the relationship between

science and religion was developed by Ronald Cole-Turner.22 Compared
to the previous two models, Cole-Turner’s is much more comprehensive.
He includes technology and ethics, defines science as more than just
theory, and goes beyond theology to explicitly include all aspects of re-
ligion (see fig. I.4). He is concerned not only with finding meaning but
also with transforming society.23

We have to be careful in building models not to reify abstractions
but to see all elements as moments in the practices of actual people. Cole-
Turner begins by insisting on the communal and experiential dimensions
of all four elements in his model. Religion is not reduced to theology
nor science to theory. Both are the practices of communities, and as such,
each is an interweaving of experiences, norms, values, symbols, and ritu-
als, as well as beliefs. This is equally true of technology and ethics.
Theory is important, but it is not given the privileged position given it
by the other models. Notice that society is not a term in the model. All
four elements are fully social. Scientists can no more step outside of so-
ciety when they step into the lab than clergy can when they step into
the pulpit.

Around the “outside” of Cole-Turner’s model are the pair linkages
familiar from other discourses: science-technology, religion-ethics, science-
religion, and technology-ethics. His model can therefore encompass and
bring into the debate several discourses (and not just science-religion).
There are three virtues in doing that. The first, of course, is simply that
it includes more people and perspectives. The more this happens, the

Figure I.4 Ronald Cole-Turner’s Model
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less the debate can become hived off into just another compartmental-
ized academic discipline of a small group of specialists who speak only
to one another, and the richer the discussion is likely to become. Sec-
ond, his model tends to counteract the tendency of pair-linkages to pro-
duce essentialist definitions. It is much harder to make the dialogue into
a discussion of “this versus that” when other practices are continually
in play. Third, unlike Barbour, who develops separate models for sci-
ence-religion and technology-ethics and deliberately weakens the “ver-
tical” connections between the theoretical and practical, Cole-Turner
integrates all four elements into a common model. The practical is given
equal standing with the theoretical, and both are encompassed within a
common discourse.

The heart of his model is “all the fuzzy stuff in the middle,” the
center where all four elements meet. Here we find a plait of inter-
relationships. Where the other models are concerned with maintaining
boundaries, Cole-Turner refuses to reify categories and recognizes that
neat boundaries are rarely found in the lab or in the pew. Because they
are concerned with practice, all four elements are inherently relation-
ships or networks, which means that far from being autonomous, each
is a form of social action. One simply cannot understand any of them
apart from the actions of people. If we may use a metaphor Cole-Turner
does not, in the center of his model we find a seamless web that unites
the theoretical and the practical, the technical, scientific, ethical, and
religious dimensions. All four elements are interwoven, influencing and
shaping each other. Together they spin a web of reality that may begin
to allow us to understand our world and permit us to begin to effec-
tively engage in dialogue. As Cole-Turner concludes: “We need not to
just think abstractly about science and theology, but soberly and criti-
cally, with a four-fold matrix of understanding involving theology/eth-
ics/science/technology. We are asking not merely about Jerusalem and
Athens, faith and knowledge, but faith and techne, faith and novelty,
creatio nova and new stuff.”24

Cole-Turner’s model not only offers the social sciences a place in
the science-religion dialogue, but also moves them into the very heart
of the debate. His model is fully transdisciplinary. But if, in the Cole-
Turner model, social scientists have finally been offered a place at the
table, they still have to accept the invitation.

Why the Science-Religion Dialogue Needs
the Social Sciences
So the social sciences have finally been offered a

place at the table, but what do they bring to the game? It is time to ante
up. Fortunately, they do not come to the table empty-handed—they have
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theories and tools that can be of great value in the debate. There are at
least three reasons why the science-religion dialogue needs the social
sciences.

First, the social sciences can give a better understanding of many
of the issues that have been at the center of the debate. For example,
one of the most contentious issues in recent years has been the attack
on evolution by creationists, including attempts either to limit the teach-
ing of evolution in public schools in the United States or to have “cre-
ation science” given equal time. Efforts by scientists and philosophers
to refute creationism have focused on their beliefs, showing that Darwin’s
theory is well supported by evidence and that creation science is not.
However, denouncing those one disagrees with as mistaken, or even as
frauds, neither leads to much understanding nor provides an adequate
basis for ethics and politics.25 Contrast the usual approach with the rather
different set of issues that emerges when historical and sociological per-
spectives are brought to the controversy.

Historians point out that the idea that religion went to war with
science over Darwin is largely a later construction built around a my-
thologized recollection of Thomas Huxley’s famous debate with Bishop
Wilberforce.26 In the nineteenth century and first years of the twenti-
eth, religious people approached Darwin in a variety of ways—from out-
right rejection to enthusiastic support—varying a great deal from country
to country. In the United States, those Protestants who would eventu-
ally become known as fundamentalists were not particularly concerned
with evolution. A few were even open to theistic interpretations of Dar-
win.27 In the 1920s William Jennings Bryan, a distinguished “elder states-
man” in U.S. politics (and not the ignorant boob he is portrayed as in
the unhistorical play and film Inherit the Wind), raised the cry against
evolution over two issues. First, he equated evolution with social Dar-
winism, which he believed—with considerable justification—to be one
of the intellectual causes of the First World War. As a philosophy based
on competition and conflict, Bryan charged, evolutionary theory was
detrimental to society. Second, as a populist, Bryan was concerned that
ordinary people were losing control of knowledge (particularly in terms
of what would be taught in the public schools) to a remote intellectual
elite. In 1924 Bryan even joined the American Association for the Ad-
vancement of Science to make the point that science should belong to
the people.28

Those who followed Bryan were primarily lower-middle- and working-
class people and those professionals (especially clergy) whose status and
way of life were being threatened by the expansion of industrial capi-
talism.29 To overlook social class as an aspect of creationism is there-
fore to miss much of its dynamics. Fundamentalism was, and still is,
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an antimodernist movement. So instead of dismissing creationism out
of hand, we need to understand its roots as a social protest movement.
As historian George Marsden observes, creationists “have correctly iden-
tified some important trends in twentieth century American life and see
that these trends have profound cultural implications.”30 However in-
adequate creationists’ solutions may be, we cannot lightly dismiss the
social causes of creationism. The social sciences give us a means to un-
derstand and engage in the debate over evolution in a way that concen-
trating only on theories and beliefs cannot.

The second way the social sciences are needed is that they can give
a better understanding of the science-religion dialogue itself. Because
the dialogue overemphasizes theories, it is frequently abstract. People
often talk about science and religion as if these were entities instead of
practices. Science is often portrayed as an epistemologically unified entity
(the scientific method) that can be compared and contrasted with the
way that religion knows. Sociological research gives a very different pic-
ture, however.

For example, the implication is not infrequent that scientists are non-
theistic, if not atheistic. However, few in the dialogue pay attention to
the stratification of scientists or the corporate culture of scientific orga-
nizations. In 1914 and again in 1933, James H. Leuba asked scientists
in the United States whether they believed in a God who could be in-
fluenced by worship and whether they believed in an afterlife. Even with
the evangelical slant to his question, in both surveys 40 percent of sci-
entists believed in God as defined. Fifty percent believed in an after-
life. Edward Larson and Larry Witham recently replicated this study,
using the same questions, and found remarkably similar results—40 per-
cent of scientists still believed in a personal God who answers prayer,
and 40 percent believed in an afterlife. Larger numbers accepted a more
mystical understanding of God. On the other hand, both sets of surveys
found that elite scientists have very different beliefs. Larson and Witham
discovered that up to 95 percent of members of the National Academy
of Sciences claimed to be atheists or agnostics.31 Thus we might ask, Is
religion opposed by science, or by only certain groups of scientists? It
would seem that there is a corporate culture in elite scientific organiza-
tions that is much more hostile to religion than is the case among sci-
entists as a whole. So science is perhaps not as unified as some would
paint it, and, at least in regard to issues involving religion, the social
sciences raise the question, who speaks for science?

A third way the social sciences can aid the debate is in helping to
inform ethical reflection. It is difficult to do ethics well without the in-
sights of the social sciences. For instance, the ethical issues surround-
ing technology are a place where the public most needs the guidance
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that the science-religion dialogue could provide. A persistent feature of
debates about science and technology are what sociologist Thomas Gieryn
calls “credibility contests.” These are disputes about allocating “epistemic
authority,” which he defines as “the legitimate power to define, describe,
and explain bounded domains of reality.”32 In other words, when sci-
entists are on both sides of an argument, whom should the public be-
lieve? The media are full of both the extravagant claims by advocates
for this or that technology and the apocalyptic fears of their opponents
(see chapter 7). Each side claims to know objective truth while charg-
ing that its adversaries propagate “junk science.” Are genetically modi-
fied crops really safe? Is HIV the sole cause of AIDS? Does global warming
necessitate curbing greenhouse gas emissions? Now, if natural scientists
cannot answer these questions (or, more accurately, cannot agree on an
answer), social scientists cannot either. But they can help us to under-
stand how the issues get framed, how the boundaries between “good”
and “bad” science are drawn, and how each side maneuvers to gain
epistemic authority. And most of all they can ask, Qui bono? Whose good
is being served? Without answers to these questions the science-religion
dialogue either must remain silent on crucial issues or, if it does speak,
risk getting hijacked by those with an agenda who wrap themselves in
the mantle of “science.” With the insights of the social sciences, how-
ever, those informed by the science-religion dialogue will be in a better
position to act with moral and political responsibility.

A Weberian Framework
Our approach to the dialogue will be to analyze sci-

ence through religious categories. This will expose and demystify some
of the images and assumptions that have constructed walls between sci-
ence and religion and reveal the creative tensions between them. In or-
der to do this, we will adopt a framework built of the methods and
categories of religious thought developed by Max Weber.

Max Weber (1864–1920) is generally considered to be one of the most
important figures in the development of social theory, and his work has
had a tremendous influence on developments in the fields of econom-
ics, history, law, political science, and sociology.33 Trained in law and
history, Weber wrote extensively on religion, the economy, bureaucracy,
and many other topics. Of particular interest to us here, however, is the
fact that he was very concerned with the methods used by scholars to
investigate social phenomena and the ways in which they developed their
theories. Thus, Weber’s ideas provide a very useful framework within
which we can explore and present various aspects of the relationship
between religion and science. It is important to recognize, though, that
we are not necessarily taking a Weberian perspective on these issues,
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as opposed to a Marxist or a social constructionist perspective. Rather,
we are using a Weberian structure as a starting point for discussion and
as an organizing principle.

One of the primary reasons for selecting a Weberian framework is
Weber’s insistence that social science be carried out through a historical-
comparative method. In Weber’s time, historians were engaged in a heated
debate over methodology, with one group arguing for a nomothetic view,
and the other advocating an idiographic approach. According to the no-
mothetic view, certain types of events happen regularly in all societies,
and the task of the historian is to observe how these types of events mani-
fest themselves in various cultures at various periods in history. By con-
trast, the idiographic view emphasizes the uniqueness of societies, and
thus the task of historians is to document the particularistic courses of
historical cultures. Weber adopted a middle position, suggesting that his-
torians gather as much specific information as possible about distinct
cultures at various periods, while sociologists, or social historians, look
for patterns and trends. This middle position required a change in the
way that data were gathered and in the way that conceptual develop-
ment, based on the data, took place.

With respect to the gathering of data, Weber suggested that, as much
as possible, historians and social scientists attempt to place themselves
in the situations that they are trying to explore, rather than stand out-
side of them. This method of Verstehen, or understanding, aimed at strik-
ing a balance between an objective or detached approach and a subjective
or engaged approach. For Weber, objectivity, or true detachment, was
an ideal that could not be attained, while subjectivity, or taking too per-
sonal a stance, was certainly possible but extremely undesirable. Weber’s
method of Verstehen was based on the study of texts, known as herme-
neutics, that was being developed in Germany at the time by scholars
like Wilhelm Dilthey.34 This method, which was used primarily to ex-
plore the meaning of Scripture, was predicated on an effort to get at the
author’s thoughts as well as at the meaning and structure of the text it-
self. More recently, hermeneutics and the method of Verstehen have
formed the basis for many of the popular qualitative research methods,
such as participant observation, employed in the social sciences.35

On the issue of conceptual development and theory building, We-
ber developed a device known as an “ideal type,” which is designed as
a heuristic device, or a tool to help us explore and understand some-
thing. The word ideal here is not meant to imply a value judgment that
some type is better than another or that one type is preferred to another.
Rather, the implication is that the ideal type is an idea (image) of what
a typical object might be, but there is no real (concrete) example of that
type to be found. Thus there may be an ideal type of university, or base-
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ball team, or poem, but actual universities, teams, and poems only
approximate these ideal types; we can then speak about certain charac-
teristics that all examples seem to share. The fact that some examples
may lack one characteristic or another does not exclude them from the
category but shows that historically concrete phenomena are likely to
have unique features representative of their own circumstances. Weber
devoted a great deal of time to studying religion, and yet he did not sug-
gest that there was an ideal type of religion. Rather, he suggested that
there might be an ideal type of Calvinism, Confucianism, and so on, be-
cause these represent concrete, historically situated manifestations of
religion. Similarly, in spite of what many philosophers and scientists
might argue, Weber would not likely consider it rational to speak of an
ideal type of science. More likely, he would suggest that there might be
an ideal evolutionary biology or quantum physics that represents par-
ticular historical and cultural cases of the development of scholarly disci-
plines. The utility of the ideal type is in helping us to identify specific
examples and in providing a mechanism to delineate the similarities and
differences among these particular cases.

Another important aspect of Weber’s method is his notion of cau-
sality. In explorations of social phenomena, Weber thought that research-
ers should look to see if somehow two or more events are related
probabilistically. In other words, Weber was concerned to discover the
likelihood that one event would follow another. So, for example, in one
of his most famous works, The Protestant Ethic and the Spirit of Capi-
talism, Weber suggests that the Protestant ethic was one of many pos-
sible factors that contributed to the emergence of capitalism in Europe.36

Later, Robert K. Merton would suggest that similar conditions provided
fertile ground for the rise of modern science.37 Neither Weber nor Merton
were suggesting that the rise of capitalism or science could be explained
completely by Protestantism, but both authors did demonstrate that,
through an examination of the historical record, it was possible to identify
specific factors that likely played a significant role in later developments.
Again, Weber can be viewed as taking the middle road between the ex-
tremes of billiard-ball causality typical of Newtonian science, for example,
and the randomness that some would argue is characteristic of all events,
physical and historical, in the universe.

Values were also important to Weber, inasmuch as he thought that
academics should present their findings in as objective a manner as pos-
sible. However, he also argued that subjective elements could not be ig-
nored in our study of historical phenomena, as these provide insight into
what various events might have meant to the participants at the time.
As for those phenomena that scholars choose to study, Weber observed
that these are likely to be value relevant. In other words, scholars are
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likely to study those things that are of value to them. Certainly, in today’s
world, religion and science, and the relationship between them, are ex-
tremely relevant topics for study.

One of the concepts that Weber developed at some length through
his studies is that of rationalization, or rationality. Following his own
advice, Weber did not try to offer some definitive position on rational-
ity. Instead, the details of the concept emerged through the exploration
of concrete historical examples. As Stephen Kalberg suggests, Weber ap-
pears to have used the notion of rationality in four relatively distinct
manners.38 First, the notion of practical rationality refers to the attitude
of accepting things as they are and figuring out how best to function
within those parameters. Thus, rather than seeking magical, supernatu-
ral, or even scientific explanations for events and conditions, most people
just focus their attention on the practicalities of getting on with life. Sec-
ond, theoretical rationality refers to the cognitive schemes that people
develop as a way of providing logical and conceptual explanations and
frameworks to describe the world. Today philosophers and scientists have
come to represent the major practitioners of this form of rationality, once
the realm of sorcerers and priests. Third, substantive rationality refers
to the way in which values shape actions. So, for example, our collec-
tive reverence for human life manifests itself in behaviors and laws that
reflect respect for personal property and for the rights of all people to
have access to the basic needs of existence (food and shelter). Fourth,
formal rationality, or means-end rationality, is similar to practical ratio-
nality except that it reflects adherence to a broader system of justifica-
tion. For example, industrial capitalism and bureaucratic administration
follow well-established rules of operation in order to achieve their goals.
Anyone who has ever filled out an income tax form or registered at
a university knows that the inherent logic of the system, rarely appar-
ent to the individual taxpayer or student, dictates what must be done
and how it will be done. Rationality is often held up as the disting-
uishing characteristic of science, while religion is equally likely to be
seen as irrational. Weber’s multifaceted conceptualization of rationality
can help us to understand more precisely what critics and supporters
of these positions have in mind and how they attempt to support their
views.

On a substantive level, Weber devoted a great deal of attention to
the study of religion, and in so doing he provided us with an extremely
useful scheme through which we can explore the relationship between
religion and science. In his Sociology of Religion, Weber identifies five
traditional categories of religious thought: mystery, soteriology, saintli-
ness, magical causation, and theodicy.39 Following Weber, Steve Fuller
attempts to analyze science in terms of these five categories, in an ef-
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fort to determine whether humanity’s faith in science is superstitious.40

In other words, he tries to determine in what ways the foundations for
our belief in science differ from those that support our belief in religion.
What we attempt to do throughout this book is use these five categories
to see if they can help us understand the relationship between religion
and science as it has manifested itself in a variety of concrete historical
instances. As a starting point, the rest of this introduction is devoted to
an initial exploration of Weber’s five categories, as further developed in
Fuller’s work.

At the simplest level, the notion of mystery has to do with the un-
known. Those things that we cannot or do not know are by definition
mysterious. Within the context of the social sciences, the notion of mys-
tery can be used to determine whether knowledge is an integral part of
everyday life, or whether it is somehow limited to elite or esoteric groups
within society. In this respect, Fuller observes that the proliferation of
scientific publications and the intrusion of science into more and more
aspects of daily life contrasts starkly with the more esoteric pursuit of
truth. In fact, he argues that “accelerating the rate at which scientific
publications are produced is perfectly compatible with decelerating the
rate at which agreement is reached on the solutions to a field’s funda-
mental problems” (emphasis in original).41 In other words, it would ap-
pear that the more vigorously science is pursued, the more scientific
understanding recedes from the grasp of those pursuing it. There are at
least two factors to consider here. First, as in many other areas, the “law
of diminishing returns” comes into effect, inasmuch as each additional
dollar spent on scientific research appears to contribute less to the ad-
vancement of science than dollars previously spent. Second, with in-
creased specialization and fragmentation of scientific exploration, very
few scientists are in a position to reflect on what is happening in their
field as a whole. Increased detail does not necessarily equal increased
understanding.

Saintliness refers to the idea that there are always special individu-
als who stand out because of their dedication, genius, or both, and who
demonstrate that religion and science, when taken seriously, are voca-
tions. In Christendom at least, Newton, Darwin, and Einstein are as fa-
miliar as Augustine, Aquinas, and Luther. In his work on religion, Weber
identified certain charismatic individuals who, because of their personal
presence, were able to influence large numbers of people to carry out
certain actions or adhere to certain beliefs. It is not uncommon for us to
attribute almost superhuman capabilities to such individuals, and we
tend to defer to their opinions on diverse matters, well beyond their ar-
eas of expertise. So, for example, celebrities are regularly asked for their
views on issues relating to politics, psychology, and medicine, as if they
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somehow know more than politicians and doctors. At the same time, it
is difficult to deny the power of these individuals to raise awareness
and money around causes they elect to champion (for example, Eliza-
beth Taylor and AIDS, Michael J. Fox and Parkinson’s disease, Princess
Diana and land mines).

Magical causation concerns the relationship between correlation and
causation and refers to the link between understanding something theo-
retically and applying that knowledge to practical problems. Using
airplanes as an example, Fuller argues that “to reduce the airborne ca-
pabilities of such a craft to the ‘application of science’ is as much wish-
ful thinking and hand-waving as claiming that an ‘infusion of the Holy
Spirit’ is responsible for airworthiness . . . the fact that humans appeal
to science to justify their beliefs is not sufficient to render those beliefs
rational.”42 When the Wright brothers managed to get a plane to fly, for
however brief a period, they may have thanked God, but it is unlikely
that they attributed their success to an act of God. Similarly, their theo-
retical knowledge of the scientific principles of aerodynamics was ru-
dimentary at best, and they would not have used science to explain how
they finally managed to get their craft off the ground. Rather, their suc-
cess falls into the realm of what Weber referred to as practical rational-
ity, that is, craft knowledge built up through experience. The Wright
brothers accepted the world as it was and learned, largely through trial
and error, how to accomplish their goal. The fact that the science of aero-
dynamics can be used to explain their success is not the same as saying
that they succeeded on account of that science. Correlation is not cau-
sation. Just because two things are related to each other does not mean
that one can be used to account for the other.

The notion of theodicy is closely related to ideas about salvation
and centers on the concept of justice, whether God-given or emerging
out of the scientific enterprise. Basically, the idea of theodicy in a reli-
gious context is that the evil and destruction that are everywhere in the
world must ultimately be there for some good purpose. We may never
learn or understand that purpose, but we believe that God or some ulti-
mate power does. Alternatively, from a scientific perspective, explana-
tions of natural disasters and disease are often framed in terms of the
hostility of the natural world and the “survival of the fittest.” Within
both religious and scientific contexts, then, theodicies provide us with
a way to focus on our daily existence without having to constantly at-
tempt to understand the challenges that confront us. Fuller observes that
within the scientific enterprise this notion is regularly interpreted as a
justification for leaving scientists alone to pursue whatever they think
is appropriate, provided they do so within parameters set by their peers
(other scientists).43 In other words, scientists argue that the more we un-
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derstand and ultimately control the world we live in, the more our fate
will be self-determined and less prone to the whims of a god or the ran-
domness of natural events.

Soteriology is the term used to describe ideas about salvation. Reli-
gious systems often provide a rationale for personal suffering in this life
by indicating that there will be a reward in the next life, or lives. A big
part of these systems is identifying what we need to be saved from and
how we should go about ensuring that we will be saved. In Christian-
ity, belief in Jesus Christ ensures that we will be freed from the bond-
age of sin and live for eternity in heaven. Science, especially modern
medical science, holds out the promise of a long and good life, free of
hunger and disease, in the here and now. It is easy to make the argu-
ment that scientific worldviews are replacing religious ones because they
offer a more immediate, this-worldly liberation from those things that
we believe are constraining us. Whether this is in fact the case is an open
question. However, the human need or desire for a path to salvation is
undeniable, and an exploration of this issue is surely an excellent way
to gain a better understanding of the relationship between religion and
science.

So, with this framework, and equipped with Weber’s tools, we will
examine science through the categories of religious thought. In the fol-
lowing chapters we will analyze science as soteriology, as saintliness,
as magic, and as theodicy and conclude by exploring the tension between
objectivity and mystery.
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imagine, in a general sense, instances where the scientific worldview
may be an overly narrow or even inappropriate approach to the prob-
lem at hand. We look to science for a better life, characterized by free-
dom from disease, protection from the elements, abundant food, and so
on. At one time, it was more common to look to religion for the satis-
faction of these same needs, and, as we will show in the next chapter,
it has been only in the last couple of centuries that most people have
even thought of religion and science as distinct. The most common un-
derstanding today, though, is to assume that science and religion are two
separate entities, that is, things that are essentially distinct, based on
their content or substance.

In this section we challenge that assumption. We explore some of
the similarities between religion and science that stand out when they
are treated as social structures and as systems of meaning. As a means
of challenging the taken-for-grantedness of the scientific perspective, in
this chapter we ask whether science can be studied as a religion. In other
words, we apply some of the tools of the sociology of religion to the
study of science. Here we use a functionalist approach, that is, rather
than examining what science and religion supposedly are, we analyze
what they do. What we find is that the so-called scientific worldview is
itself implicitly religious.

Science and scientific thinking have become such a
dominant part of our everyday life, it is difficult to

The Sacred Myth
of Science
If you remain in my word, you will truly be my
disciples, and you will know the truth, and the truth
will set you free.

—John 8: 31–32
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Science, Religion, and Salvation
Words like salvation, redemption, freedom, emanci-

pation, purification, absolution, illumination, and enlightenment are often
used interchangeably to express the concept of liberation.1 While all of
these terms can be used to indicate some notion of release, the social
practices and ideological convictions behind their use can be very dif-
ferent. In this regard, some people quickly point out that some concept
or other may not mean the same thing to adherents of one religion as it
does to adherents of some other religion. So, for example, the notion of
salvation that is central to this chapter means very different things to
Christians, Buddhists, and Jews. For Christians, salvation is generally
equated with eternal life granted through faith in the grace of Jesus Christ.
For Buddhists, salvation means liberation from the drudgery of mun-
dane existence achieved through a life of contemplation and disciplined
coexistence with other forms of life. For Jews, salvation is viewed as
the continuing existence and growth in numbers of the Jewish people
that will result from a life of obedience to God’s law and the performance
of good works. Of course, common sense would tell us that these state-
ments are simplifications that would be subject to much further varia-
tion in interpretation within the many communities of faith and practice
that constitute each of these religious traditions. What is puzzling, how-
ever, is that those same people who would be quick to criticize gener-
alizations with respect to religious concepts are quite likely to assume
that scientists share a much more unified interpretation of the concepts
they work with.

So, for example, a term like Earth will generally be assumed to mean
the same thing to biologists, chemists, geologists, and cosmologists, and
its use, unlike the use of the word salvation, is unlikely to be seen as
contextual, let alone controversial. However, we would suggest that a
biological notion of the Earth as the global environment within which
life forms exist is of little or no concern to cosmologists, who view the
Earth as the third rock traveling in an elliptical orbit around a minor
star in a fairly unspectacular galaxy. Of course, the reverse situation also
holds true. We think it unlikely that, in the absence of a certain popu-
lar television show, the majority of biologists would care that Mercury
and Venus are in closer proximity to the sun than Earth is. In the cases
of notions of both Earth and salvation, there are common elements that
justify the use of a single term to express a variety of interpretations,
regardless of scientific or religious context, respectively. At the same time,
it is very common for researchers within a specific discipline, or within
a particular community of scholars, to share certain interpretations of
these terms. Such shared meanings serve to facilitate internal commu-
nication, and it is perhaps unfortunate that these same shared meanings



T H E  S A C R E D  M Y T H  O F  S C I E N C E 25

can often also serve to block external communication with a broader au-
dience. What concerns us here, however, is not so much the question
of why people seem far more willing to accept the unity and objectivity
of scientific terms, but the very fact that they do. The implication would
seem to be that there is something about science that makes it appear
more unified, and therefore more credible, than religion.

Critics might argue that we are drawing an invalid comparison be-
tween a concrete empirical phenomenon (the Earth) and a mere concept
(salvation). At a more general level, people might argue simply that sci-
ence works. With respect to the first argument, to deny the empirical
aspect of religion as manifested in its continued existence as a cultural
and social force is as absurd as arguing that science is a purely concep-
tual system, detached somehow from the phenomena it attempts to
explain and from its practitioners. With respect to the second, public
confidence in science is based to a great extent in its very tangible tech-
nological and conceptual effectiveness.2 However, effectiveness is not
necessarily truth, and not only are concepts subject to change, but also
indeterminate at best is the relationship between theory and evidence.
Technological development, which is commonly seen as applied science,
usually took place prior to science until about fifty years ago. Galileo
had to have a telescope before he could point it at the stars.

Furthermore, to say that science works somehow implies that reli-
gion does not work. Leaving metaphysical considerations aside for the
moment and looking at religion and science as institutions, we would
argue that religion works at least as well as science and has been doing
so for a significantly longer period of time. For example, Weber argued
that the growth of capitalism depended on the ethic established by Prot-
estant reformers in the West.3 Robert Merton extended this analysis to
demonstrate that the basis for modern science is likely to be found in
precisely the same spot, ascetic Protestantism.4 At the level of personal
religious experience, as we will see in chapter 6, the efficacy of prayer
in healing has recently received considerable attention in medical re-
search circles. Our point in all of this is to demonstrate that the high
level of public confidence in science is a complex and greatly misun-
derstood and misrepresented issue. For present purposes, we simply ac-
cept the fact that this confidence exists.

At this point it will be useful first to provide representative defini-
tions of both religion and science, then to follow these with the criteria
for demarcating between them. Favoring a functional rather than a sub-
stantive or symbolic perspective, sociologist of religion Bryan Wilson
states: “The explicit and manifest function of religion is to offer men
the prospect of salvation and to provide them with the appropriate guid-
ance for its attainment.”5 From a similarly instrumental perspective,
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renowned entomologist and sociobiologist E. O. Wilson suggests that sci-
ence is the “organized, systematic enterprise that gathers knowledge about
the world and condenses the knowledge into testable laws and prin-
ciples.”6 In trying to establish the nature of the relationship between re-
ligion and science, British sociologist Steve Fuller argues: “The difference
between the practice of something we call ‘religion’ and something called
‘science’ would seem to lie in the reasons for pursuing the practice as
well as the conditions under which it is pursued.” Thus, religion offers
salvation and prescribes those activities and behaviors through which
it can be obtained. Science, for its part, offers knowledge and similarly
prescribes the appropriate methods through which knowledge can be
obtained. Fuller goes on to argue not only that these distinctions are il-
lusory, but that in the absence of its own sacred myth, not to mention
continued state and industrial support, the common perception of the
unity and superiority of science would probably disappear. As he says,
“What scientists often see as the public’s ‘confusion’ about the nature
of science may simply be the public’s recognition that there is no ‘na-
ture’ to science.”7 While this position may strike some as extreme, there
are good reasons for taking it seriously, and we would argue that these
are likely to emerge most readily through a religious analysis of science.
So, as a first step in that direction, we explain to some extent the no-
tion of the sacred myth of science.

Science as Sacred
Anyone who reads widely in the scientific literature

will find any number of speculations by prominent scientists that can
only be called metaphysical. Many of the assumptions behind the so-
called scientific worldview are implicitly religious. As a sacred myth,
science functions as soteriology, that is, it provides the salvation stories
a religion provides for its adherents.

The soteriology of science, Steve Fuller suggests, consists of “the
stories that make science the key to human salvation by presenting the
peculiar history surrounding the rise of Western science as a blueprint
of stages through which all aspiring cultures must pass.” The sacred and
almost transcendent aspect of this myth centers on the idea of progress.
As Fuller states, “‘Progress’ in science can be most easily discerned in
a field such as high-energy physics, in which so much has already been
invested in a specific research trajectory that it is no longer feasible to
question the wisdom of its pursuit.”8 However, notions of scientific
progress have a much longer history. As British philosopher Mary
Midgley points out, these generally derive from a distortion of Darwin’s
theory of evolution at the hands of individuals like Herbert Spencer, fa-
mous for his phrase “survival of the fittest,” and crystallographer J. D.
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Bernal and geneticist J. B. S. Haldane, both of whom were heavily in-
fluenced by Karl Marx’s condemnation of religion, sanctification of sci-
ence, and advocacy of revolutionary change.9 For his part, Bernal argued
that the human species would no longer be content to live on the less than
perfect Earth and would move to the other planets and eventually the
whole universe. Haldane, who is, of course, well known for his quip
that God displayed an inordinate fondness for beetles, went so far as to
outline a plan for space colonization in his 1927 essay “The Last Judgment.”

More recently, physicist Freeman Dyson extended this other-worldly
trend by positing that humans will in fact shed their bodies and exist
as intelligent quanta, everywhere and nowhere at the same time. As he
states: “It is impossible to set any limit to the variety of physical forms
that life may assume. . . . It is conceivable that in another 1010 years life
could evolve away from flesh and blood and become embodied in an
interstellar black cloud or in a sentient computer.”10 Similarly, some re-
searchers in the field of artificial intelligence assume that, as Bryan
Appleyard points out, “We will download our personalities on to ma-
chines and become immortal by making any number of back-up copies
of ourselves.”11 It is difficult to see how statements like these are any
less metaphysical than the speculations put forth over the centuries by
any number of saints, mystics, or theologians. In fact, Stephen Hawk-
ing appears to conflate the roles of scientist and theologian in his state-
ment that “we shall all—philosophers, scientists, and just ordinary
people—be able to take part in the discussion of the question of why it
is that we and the universe exist. If we find the answer to that, it would
be the ultimate triumph of human reason—for then we would know the
mind of God.”12

Perhaps the most extreme version of this implicit religion of science
is to be found in the notion of the anthropic cosmological principle pos-
ited by physicists John Barrow and Frank Tipler.13 This principle is based
on the notion that “the physical universe can in some ways be explained
by assuming that it must be such as to contain people.”14 They argue
that if there were even slight differences from natural laws as they cur-
rently are, then life could not exist in the universe. One version of this
notion, generally referred to as the participatory anthropic principle
(PAP), can be interpreted to mean that in the absence of observers, the
universe would not exist. This position is consistent with the kind of
psychological reductionism that started with Descartes and is enjoying
a new lease on life in the form of the so-called cognitive sciences. Bar-
row and Tipler even go so far as to posit what they call a final anthropic
principle (FAP), which states that intelligent information processing must
come into existence in the universe and that, once it has, it will never
die out.
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We would stop short of suggesting that all scientists buy into these
kinds of speculations. However, the fact remains that those making them
continue to receive financial and intellectual support within the scien-
tific community and continue to have their musings published in peer-
reviewed journals.

Speculations of this kind are based on a notion of evolution to some-
thing, rather than evolution from something. Contrary to the position
generally associated with modern science, these ideas are fundamentally
teleological in nature. That is, they betray a sense of purpose or design in
the universe. Yet, whether we look to cosmology, with its emphasis on
stochastic processes, chaos, and complexity, or to biology, with its advo-
cacy of variational evolution, the abandonment of the design argument is
one of the primary factors that differentiate the scientific enterprise from
natural theology. Not only is there no need for a designer, but, as Darwin
demonstrated, life evolved through a process of natural selection, that is,
the struggle for existence among genetic variants. It is, however, an inte-
gral part of what it means to be human to join together concern for finding
the order and meaning of phenomena with trying to find out the intention
or plan underlying that order, as Mary Midgley points out.15 Similarly,
she argues that teleological thought is not limited to such means-end
patterns, and that rather than centering on questions like “What later
thing is this leading to?” questions like “What is this for? What is the
point of it?” and “What part does it play in a wider whole?” are more
appropriate to science.16 We would suggest that, in confusing these senses
of purposive thinking, scientists construct and institutionalize a soteri-
ology, while engaging in a sort of denial. That is, a great part of the myth
of science that scientists fail to recognize, or perhaps fail to acknowl-
edge, is that in their efforts to escape from metaphysics they are entrench-
ing themselves as firmly in speculative dogma as any religion ever has.

Weber on Salvation
In his exploration of historical examples of soteri-

ologies in the religions of the world, Weber speaks of “institutional grace”
and indicates that wherever it operates, it has three characteristics.

The first is extra ecclesiam nulla salus: salvation cannot be ob-
tained apart from membership in a particular institution or
church vested with the control of grace. The second principle
is that it is not the personal charismatic qualification of the priest
which determines the effectiveness of his distribution of divine
grace. Third, the personal religious qualification of the individual
in need of salvation is altogether a matter of indifference to the
institution which has the power to distribute religious grace. That
is, religion is universal.17
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Each of these three principles can be found in the scientific enterprise.
Weber’s first principle implies that there is no salvation outside of

science. Midgley argues that this is precisely what most people mean
when they use the word scientism. Mikael Stenmark refers to two types
of scientism. The first is redemptive scientism, which he defines as “the
view that science alone is sufficient for dealing with our existential ques-
tions or for creating a world view by which we could live.”18 A good
example of this is found in sociobiologist E. O. Wilson’s comparison of
religion and science:

I consider the scientific ethos superior to religion: its repeated
triumphs in explaining and controlling the physical world; its
self-correcting nature open to all competent to devise and con-
duct the tests; its readiness to examine all subjects sacred and
profane; and now the possibility of explaining traditional reli-
gion by the mechanistic models of evolutionary biology. The last
achievement will be crucial. If religion, including the dogmatic
secular ideologies, can be systematically analyzed as a product
of the brain’s evolution, its power as an external source of mo-
rality will be gone forever.19

Wilson’s view is consistent with the participatory anthropic principle
discussed earlier, and it also betrays a means-end type of teleological
thought, in that the purpose of science is to free humankind from the
bondage of ignorance and false ideologies. Stenmark’s second type of
scientism, comprehensive scientism, takes into account the more exclu-
sive views of scientists like Dyson, Barrow, and Tipler. Stenmark defines
it as the view that “science alone can and will eventually solve all, or
almost all, of our genuine problems.”20 Here, the sacred myth of science
reaches its peak: Not only is science the key to salvation, but science
alone can define those things from which we need to be saved.

Weber’s second principle, which focuses on the priesthood, refers to
notions of apostolic succession and the idea that the right to perform
the sacred rituals—and thus provide the key to salvation—is passed on
through the laying on of hands. In other words, the kind of esoteric knowl-
edge needed to function at the core of a scientific community is passed
on to the initiates through special training and apprenticeship. Either
through the acquisition of this special knowledge or through a rite of
passage, scientists and priests are placed in a position of authority as
distributors of grace (truth), irrespective of individual merit. Sharon
Traweek, in her examination of the high-energy physics community, pro-
vides an insightful analysis of the way in which physicists gain the kind
of tacit knowledge required to join the elite. As she indicates, in mak-
ing the transition from student to full-fledged scientist, individuals “must
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learn how to rely on oral rather than written information.”21 In other
words, there are aspects of being a scientist that are not to be found in
textbooks and laboratory manuals, and that can be learned only through
social interaction with existing members of the scientific community.

The point to be made here is that in a process parallel to the way
in which the institution of science becomes revered, scientists, as the
living manifestations of that institution, become equally revered. Evi-
dence for this phenomenon can be found at every turn in daily affairs.
Scientists are continually consulted as generic experts to hold forth on
matters about which they have little or no direct knowledge or experi-
ence, while priests and other academics are mocked or ignored when-
ever they proffer an observation concerning a scientific matter.

The third principle is that science is all for all. In other words, it is
all things to all people. Nothing outside of science matters. If in fact there
is anything outside of science, and in the absence of science, continued
existence is in doubt. Fuller speaks of an “autonomous science” that
“transforms all things in the course of subserving them to its own im-
peratives.”22 This concept is built on Weber’s insight that “institutional
grace, by its very nature, ultimately and notably tends to make obedi-
ence a cardinal virtue and a decisive precondition of salvation. This of
course entails subjection to authority.”23 This condition leads to a situ-
ation in which it is not necessary for the believer to fully understand
the dogma, but simply to accept a general framework of meaning
(worldview) provided by the institution. So, for example, while one might
ask how much Catholicism the average Roman Catholic parishioner un-
derstands, the point is that it does not really matter. Even in their igno-
rance, parishioners will be saved if they accept as part of their faith that
there are experts whose job it is to know the finer details of Catholic
doctrine. As Weber indicates, “Every prophetic religion has based reli-
gious faith upon something other than real understanding of theology.”24

In other words, in place of a fides explicita, an explicit faith, a fides
implicita, defined as a “general readiness to subject one’s own convic-
tions to religious authority,” is considered to be sufficient. Thus, for the
laity, a profession of faith is tantamount to a “declaration of confidence
in and dedication to a prophet or to the authority of a structured insti-
tution.” On the other hand, a fides explicita is limited to priests and
theologians; that is, all those who have been “trained in dogmatics.” As
Weber goes on to argue, at some point this situation leads to a “sacri-
fice of the intellect,” because faith requires an absolute trust, best ex-
pressed in the formula “Credo quia absurdum est” (I believe because it
is absurd).25 We would suggest that, certainly for the average citizen, but
also for the majority of initiates, trust in science requires no less a leap
of faith than trust in religion does, and for the same reason.
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By way of concluding this section and further illustrating our argu-
ment, we want to look briefly at the New Testament saying that serves
as the epigraph of this chapter. In the Gospel of John (8:31–32), Jesus is
reported to have said: “If you remain in my word, you will truly be my
disciples, and you will know the truth, and the truth will set you free.”
Most people are familiar with at least the final portion of this saying,
which has often been used as a political slogan, but in fact it is crucial
to examine all four segments of this saying to understand its importance.
The first phrase is particularly noteworthy, because it establishes a con-
dition for salvation. The Gospel story continues by indicating that those
around Jesus objected by saying that as descendants of Abraham, they
were not in a state of slavery or bondage and therefore had no need of
salvation. Jesus responded by indicating that their existence in a state
of sin left them in need of salvation that only he could provide. All four
phrases can be viewed as forming a causal chain, a peculiar conditional
logic. Freedom is derived from knowledge that is gained through mem-
bership in an elite group made up of those willing to accept a particu-
lar worldview, as expressed in the message of a certain charismatic leader.
The individual merit of the disciples is irrelevant, as is their real un-
derstanding of their condition. Jesus is aware of their condition, and he
also possesses the means for their salvation from that condition. All that
they need do is remain in his word. In other words, if they take a leap
of faith and trust in the worldview presented by Jesus, they will be
counted among the saved. Not only is it clear that the grace of Jesus Christ
is in fact an institutional grace, as defined by Weber, but the parallels
to modern science are obvious. To quote a piece of popular pseudo-
scripture by Alexander Pope by way of illustration: “Nature and Nature’s
laws lay hid in night: God said, Let Newton be! and all was Light.”

Analytical Biases
Scientism is not unique to the natural sciences. Many

social scientists are just as ensnared in the sacred myth of science. If
the social sciences are to play a meaningful role in the science-religion
dialogue, we will have to remove the beam from our own eyes first. We
need to reexamine some of the assumptions behind the social scientific
approach to religion. When we do, we will find that, as much as they
may differ in other things, many social and natural scientists share the
same biases about religion.

In a recent historical analysis of scientific approaches to the study
of religion, U.S. sociologist Rodney Stark found that the scientific para-
digm dominated as the proper method of inquiry. It was assumed that
the only proper way to study religion was “scientifically.” This domi-
nance has emerged out of two distinct, but often overlapping, strands
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in the study of religion, which he calls the anthropological and the psy-
chological.26 The combined effect of these strands creates biases that lead
to treating science and religion asymmetrically and help erect walls be-
tween them.

The first strand is the anthropological, which argues that religion
is contextual, that is, a product of culture. Since all cultures have a re-
ligion of some kind, all are equivalent. This is the argument for cultural
relativism. Therefore some would claim that Christianity, for example,
is just another manifestation of stories about gods procreating with
humans. What anthropologists were trying to accomplish was, as Stark
indicates, “to link all religion to primitive irrationality and thus to bring
contemporary religion into intellectual disrepute.”27 Stewart Guthrie
suggests that the comparative study of religion and efforts to explain re-
ligion can all be categorized as anthropomorphism, or as Midgley would
phrase it, “the apotheosis of man.”28 Religion in this view is very much
a case of society worshiping itself. It is believed that in time scientific
analyses will demonstrate that those phenomena that we associate with
religion are merely collectively agreed-upon products of the human mind.

Efforts to apply this kind of anthropological approach to studying
science have met with strong and bitter criticism. A few scientists have
lashed out in the so-called science wars (see chapter 9). This demon-
strates not only the powerful hold that science has over social institu-
tions like education, government, and industry, but also the very limited
nature of some scientists’ appreciation of what goes on outside of the
scientific enterprise. This narrow worldview is particularly evident, for
example, in comments like one made by physicist Steven Weinberg: “No
one would give a book about mountain climbing the title Constructing
Everest.”29 The science wars are predicated on the assumption that
people—whether laypersons, other academics, or government officials—
do not understand what goes on in science and therefore are in no po-
sition to analyze or criticize it. A perceptive statement of what is really
going on is provided by Fuller: “I believe that most of what non-scientists
need to know in order to make informed public judgments about sci-
ence falls under the rubric of history, philosophy, and sociology of sci-
ence, rather than the technical content of scientific subjects.”30 In other
words, part of the myth of science is that its methods and the knowl-
edge produced through their application are beyond scrutiny and un-
tainted by subjectivity, when in fact science is no more or less a human
practice than is religion. Further, just as people can question religion
based on what they see happening in the world around them, this is
also a perfectly legitimate basis for questioning science.

The second strand Stark identified in the study of religion is the
psychological and centers on the notion that religion is an irrational prod-
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uct of the mind. In the words of anthropologist Weston LaBarre, “A god
is only a shaman’s dream about his father.” Stark notes that this Freud-
ian construct is repeated without comment or criticism in several books
that claim to analyze theories of religion. In a more extreme version of
this argument, as part of his examination of Catholic folk religion, Michael
Carroll contends that praying the rosary is “a disguised gratification of
repressed anal-erotic desires,” a substitute for “playing with one’s fe-
ces.” The psychological approach has been important to science and the
implicit and often denied metaphysics that undergirds it, because sci-
ence is seen as the supreme exercise of rational behavior in a world where
the human species is distinguished by its rationality. Hence, it is very
difficult to do the scientific study of religion, because religion has been
characterized, in Stark’s words, as “a sign of stupidity, neurosis, pov-
erty, ignorance, false consciousness, or a flight from modernity.”31 For-
tunately, some scholars brave the storm, but biases remain.

The combined effect of these two strands leads to three particular
biases. An examination of these might help us to understand the reluc-
tance among scientists even to consider what religion might be able to tell
them.32 The first of these biases is that empirical studies of religions tend
to focus on obscure and marginal groups, particularly if they exhibit what
might be considered exotic or abnormal characteristics. In other words,
we are more likely to read accounts of secret enclaves that practice ab-
errant sexual acts than we are to learn about the several hundred thou-
sands of parishioners attending Baptist churches around the world on
Sunday morning.

If studies of religion overreport the exotic and marginal, the same
cannot be said for reporting on science. How many molecular biologists
around the world are engaged in mapping the genomes of various plants
and animals? What we tend to hear about are those scientists who, how-
ever mundane and highly repetitive the activities are that they engage
in on a daily basis, discover some genetic marker for a disease of con-
cern to the broader population that directly or indirectly finances their
efforts. It is interesting to note in this regard that the vast majority of
social studies of science have focused on Nobel Prize–winning scientists.

The second bias is antagonism to high levels of religious commit-
ment. To those whose own commitment is to scientism, the commitment
found among adherents of various religious beliefs and practices seems
irrational. In other words, atheism, or nonbelief, is assumed to be a vir-
tue, and some scientists feel they must work extra hard to expose those
groups that demonstrate the most unshakable faith. This kind of “orga-
nized skepticism” or “detached scrutiny of beliefs” is considered to be a
hallmark of the scientific method.33 This approach is well illustrated by
the continued attention journalists, scholars, and anticult networks pay
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to Scientology. All find it incredible that high-profile public figures
(mostly actors), who should know better, pour millions of dollars into
supporting the personal illusions of a now-dead eccentric charismatic
leader.

However, commitment to scientific beliefs is not treated the same
way. As Thomas Kuhn found in several historical and contemporary con-
troversies in science, hanging on to one set of beliefs (paradigms) in the
face of substantial amounts of evidence to the contrary (anomalies) is
considered a normal part of scientific progress.34 This ability to explain
away or ignore empirical evidence that goes against established theo-
ries is one of the reasons scientific controversies are not infrequently
protracted and bitter, as we will see in chapter 8. So, we are presented
with the paradox that while some scientists attack religion on the basis
of its irrationality and reliance on blind faith, science institutionalizes
these very phenomena to its own benefit. Yet, as Fuller argues, there is
more to this issue. The vast amount of resources invested in some types
of scientific research make questions about their validity and direct ben-
efit to humanity virtually irrelevant. In other words, there might be cri-
teria outside of, for example, rationality, objectivity, and truth that can
readily account for the perpetuation of certain scientific traditions.
Clearly, this is not very different from arguments that link religious vi-
tality to political involvement and personal gain.

The third bias differs in that it is most often found among those who
do have religious commitments. This is the fear of eroding faith. That
is, some would argue that if religion is true, then it must be exempt from
scientific analysis, because any weaknesses that could be demonstrated
through exploration would raise doubts among the faithful. By the same
token, some scientists argue that if science is true, it must be exempt
from external scrutiny, whether by historians, philosophers, sociologists,
or scholars of religion. This position ignores the distinctly human side
of religion that in actuality forms the evidential base through which re-
ligion can be studied, as Stark points out. In other words, it is only as a
social phenomenon that we can study religion, and we would suggest
that the same holds for studying science. Any absolute truth that may
be at the heart of either religion or science is beyond our ken and there-
fore irrelevant as an object of study, religious or scientific. However, just
as some religious institutions have fallen into the trap of claiming abso-
lute authority at some point in history, the success of modern science
has led some scientists to adopt a decidedly absolutist stance. As Ap-
pleyard states: “Science now answers questions as if it were a religion
and its obvious effectiveness means that these answers are believed to
be the Truth—again as if it were a religion. But it confronts none of the
spiritual issues of purpose and meaning. And, meanwhile, its growing
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power enables it to drive the very systems that did confront those is-
sues to the margins of our concern and, ultimately, out of existence. As
I have said before, our science, whatever it may pretend, is incapable of
co-existence.”35 This reluctance to tolerate alternative worldviews or sys-
tems of meaning gets us to the core of what a religious study of science
can offer us.

Esteeming Science the Right Way
All this has direct bearing on the science-religion dia-

logue. While a creative tension will always exist between science and
religion, our hope is that boundaries and barriers can be taken down
and religion and science can join in a common pursuit of the answers
to the questions of concern to humanity. The absolutist position taken
by some scientists means that we can never move out of what Ian Barbour
calls the conflict position. As long as scientific exploration is predicated
on the notion that given enough time and resources, all of the questions
that we can ask will be answered, the scientific worldview will remain
a religion, blinded by faith in its own methods and accomplishments.

Following Ronald Cole-Turner, we would suggest that by broaden-
ing the terms of the debate beyond religion and science to include tech-
nology and ethics, and by recognizing the social basis of all of these terms,
scholars can probe the common ground that is shared by all four. How-
ever, the transition toward exploration of the seamless web at the core
of our existence will require learning to see things initially from a fresh
perspective and then from more than one perspective, as individuals
come to the realization that their faith emerges more out of the impor-
tance they attach to the issues than it does out of any supremacy that
they perceive to reside in the approach.

In this chapter we have tried to suggest that our understanding of
the scientific worldview will increase dramatically if we examine it as
implicitly religious. By this point, some readers may be ready to accuse
us of blatant and easily dismissed science bashing. That is certainly not
our intention, for as Mary Midgley says, “We do not need to esteem sci-
ence less. What we need is to esteem it in the right way. Especially we
need to stop isolating it artificially from the rest of our mental life.”36

We are not saying that science has not been successful in providing tech-
nological and conceptual means for coming to terms with many of the
problems that we face, or that scientists are all living in a fanciful world,
blinded by a myth of truth seeking and knowledge making. Nor are we
suggesting that science is another form of religion. We are saying, how-
ever, that in order to sustain their daily activities in the style to which
they have become accustomed and to maintain the level of commitment
required to carry on their work, scientists have managed to convince
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themselves, and most of the public, that what they do is essential to the
long-term survival of the human species. The level of devotion that they
exhibit toward this belief and the zeal with which they defend it, not to
mention the unprecedented degree of deference to authority afforded
them by the public, would be the envy of members of any religious com-
munity. By using religion to study science, we can come to understand
the origins, as well as the internal and external consequences, of this
scientific worldview in ways not otherwise open to us. While this exer-
cise will amount to a demythologization of science, in the long run it
will help us to gain a deeper understanding of the scientific enterprise.



    

proach to the relationship of science and religion allows us to examine
the origins of our attitudes toward science. Moreover, by looking at the
context in which those attitudes were created, we are in a better posi-
tion to evaluate their worth. The purpose of this chapter is not to pro-
vide a comprehensive discussion of the history of science, or of the
history of science and religion. Both topics would require entire books.1

Rather, it is to examine some of the most important developments in
the writing of the history of science, and to discuss what this reveals
about the role of science in society and the relationships between reli-
gion and science that underscore these historical interpretations.

The value in studying the history of historical writing, or historiog-
raphy, is that it enables us to uncover some of the assumptions of past
generations and to examine how those assumptions affected their inter-
pretations. To understand a historical interpretation requires an under-
standing of the time in which it was formulated. However, as the writers
of the story, historians also influence future generations and shape what
will become common perceptions, even after the immediate context in
which the historian was writing has changed. There is therefore a con-
tinual process of reinterpretation at work. Each generation inherits the
conclusions of previous generations. However, these conclusions were
the result of the battles fought by that generation and the particular is-
sues its members faced in their own time. It is for this reason that, as is

Historians can be active players in the dialogue be-
tween science and religion. Taking a historical ap-

Writing the History
of Science
The so-called “scientific revolution” . . . outshines
everything since the rise of Christianity.

—Herbert Butterfield,
The Origins of Modern Science
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commonly stated, each generation writes its own history. One of the best
ways to see this mechanism at work is to look at a specific example. In
this chapter we will focus primarily on how historians have defined and
understood what is commonly referred to as the Scientific Revolution.

The Scientific Revolution has been, since the beginning of the twen-
tieth century, one of the most powerful and enduring concepts in the
history of Western society. It informs our notions of modern science, of
Western culture, and of the relationship between religion and science.
It is used to explain how Europe became a world power. Most impor-
tantly, it has become part of our identity as a modern society that places
its faith in science rather than in religion. However, it is worth remem-
bering that the term Scientific Revolution is a historical construct; indi-
viduals in the seventeenth century did not simply wake up one day to
discover that they were living during the Scientific Revolution. Such
terms are invented after the fact as analytical tools to make sense of the
past. In this case, the term came into use in the early twentieth century.
It was popularized by Herbert Butterfield in his book The Origins of
Modern Science, delivered as a series of lectures at Cambridge in 1948.
Since that time, historians have debated the usefulness of the term, since
it implies a single event or phenomenon that can be named. The con-
cept of the Scientific Revolution has been routinely dissected, analyzed,
questioned, rejected, and reaffirmed by historians of science. Recent
scholarly books have been titled Reappraisals of the Scientific Revolu-
tion and Rethinking the Scientific Revolution.2 A recently published bib-
liography of the Scientific Revolution comprises more than 350 pages.3

It clearly remains a useful, if controversial, concept, as Steven Shapin
suggests in the ironic opening line of one of his recent works: “There
was no such thing as the Scientific Revolution, and this is a book about
it.”4 Its persistent use also implies that historians continue to try to find
some way to acknowledge that something important happened to the
Western worldview between 1500 and 1800.

The Traditional Narrative
To understand the ways in which historians have

viewed this period, it is useful to begin with what might be called a text-
book summary of the Scientific Revolution. The traditional narrative goes
something like this: After the fall of the Roman Empire in Western Eu-
rope, civilization was dominated by the Christian Church for a period
of about one thousand years, a period called the Middle Ages, or as ear-
lier historians had labeled it, the Dark Ages. By the end of this period,
Christian theology had been wedded to Aristotelian philosophy in a sys-
tem of thought called scholasticism, which included the incorporation
of Aristotelian physics and cosmology into a Christian framework. Dur-
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ing this period, it was believed that the Earth was the center of the uni-
verse, around which the moon, planets, sun, and stars moved in circu-
lar orbits. Around 1400, Europe began to “awaken” from this period of
presumed darkness. Renaissance writers, artists, and philosophers be-
gan to look to Greco-Roman sources for inspiration and knowledge. More-
over, by the early 1500s, religious reformers began to purge Christianity
of elements considered magical or superstitious; this resulted in the per-
manent rupture known as the Protestant Reformation. In 1543, Nicho-
las Copernicus published On the Revolution of the Heavenly Spheres,
challenging the traditional notion of the Earth-centered universe by pro-
posing that the Earth revolved around the sun. A few decades later,
Johannes Kepler discovered his three laws of planetary motion, refut-
ing the Aristotelian notion that the heavenly orbits were spherical. Mean-
while, Galileo used evidence collected from turning his telescope on the
heavens to prove that the Aristotelian cosmology was incorrect. Because
of his challenge to the prevailing system, he was brought before the In-
quisition and forbidden to write or teach about astronomy. In spite of
the Church’s opposition, a new breed of scientists began to emerge by
the middle of the seventeenth century. Francis Bacon helped to develop
scientific method with his emphasis on the use of empirical evidence.
Finally, Sir Isaac Newton came along and synthesized the new astronomy
of Kepler and the new physics of Galileo and developed a universal law
of gravity. Thus was born modern science.

This is a powerful story full of drama, peopled with heroes and vil-
lains, a story of the triumph of truth over superstition and of science
over religion. The problem with this story is that many aspects have ei-
ther been modified or questioned by many historians. Such is the case
because embedded in almost every statement are important assump-
tions—assumptions about how science works, what is important in the
history of science, what drives scientific progress, and how religion and
science are related. Before proceeding further, it is worthwhile to make
explicit the ways in which historians’ assumptions affect their interpre-
tation of the past, and, in particular, how these assumptions inform their
understanding of the Scientific Revolution.

First, all historians work with some assumptions regarding the prac-
tice of science in general. Most are concerned with change over time,
in particular, the way science changes over time. Some view it as a pro-
cess of evolution, that is, the slow accretion of knowledge, while others
emphasize change as revolution, or the overturning of entire frameworks
for others.5 Did the Scientific Revolution actually occur as a revolution,
and is it even a useful historical term? Some historians suggest not. Sec-
ond, historians disagree over what a history of science ought to look like.
Is it the story of successes and discoveries, or ought one also include in
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the narrative the failures and sidetracks? A historian who assumes the
former will write a history that differs greatly from one who assumes
the latter. Those who focus only on the progressive nature of scientific
discovery are sometimes accused of Whiggism by their opponents, that
is, of writing history in a way that implies that the present was the ulti-
mate goal naturally embedded in the past. Third, historians disagree as
to what drives scientific development, and what are the most important
factors to emphasize. For example, some historians focus on the scien-
tific ideas themselves, while others look at the individuals who created
them. Yet others, informed by the methods and insights of social sci-
ence, focus on external factors, such as the cultural, social, political, or
economic context in which science is done. For example, a historian
may look at how scientific research was funded in a particular time and
place. Finally, and most importantly for our present purposes, histori-
ans work with a variety of assumptions about the historical interaction
between religion and science. There are two aspects of this last issue
that are relevant. The first has to do with the relationship of the West-
ern Church as an institution to the rise of science. Did the Church ham-
per the development of science in the West, or nurture it? The second
has to do with the contrast between a religious view of the world and a
naturalistic one. What role did belief in the supernatural world have in
the beginnings of the Scientific Revolution? Was it something to be dis-
carded, or was it the context in which modern science originated? Each
of these issues has informed debates among generations of historians and
complicated the “textbook history” just outlined.

The Rise of Conflict Interpretations
of the History of Science
The conflict thesis in the history of science originated

in the nineteenth century with the publication of two important books:
J. W. Draper’s History of the Conflict Between Religion and Science in
1875 and A. D. White’s History of the Warfare of Science with Theology
in Christendom in 1896. The titles of the works are self-explanatory. Both
works highlighted the Galileo affair (the conflict between Galileo and
the Inquisition in the seventeenth century) as one of the key moments
in the history of science.6 Draper’s work in particular typifies the anti-
clerical reaction of the nineteenth-century scientific community. Draper
clearly stated his position: “The history of Science . . . is a narrative of
the conflict of two contending powers, the expansive force of the hu-
man intellect on one side, and the compression arising from tradition-
ary faith and human interests on the other.”7 To understand such writing,
we need to consider the period in which it was written.

In our time, generally thought of as a secular age, we are unaware
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of the religious tensions of the Victorian age, tensions that fueled a be-
lief that religion and science were necessarily in conflict. The impact
of Darwinism in the late nineteenth century created a growing conflict
between science and religion. Christianity had already come under criti-
cism in the eighteenth century with the skepticism of the Scottish phi-
losopher David Hume (1711–1776) and the anticlericalism of the French
philosophes.8 In the nineteenth century, devout Christians had to work
increasingly hard to integrate new scientific information into their be-
lief system. By the end of the eighteenth century, the study of geology
had developed into a distinct discipline, setting up challenges to reli-
gious understandings of the history of creation.9 In 1830, Charles Lyell
published his Principles of Geology, which refuted traditional dating
methods and showed the Earth to be much older than the six thousand
years as calculated from the biblical genealogies. While some scientists
looked at the natural world, others examined human societies in scien-
tific terms, most notably Herbert Spencer and Thomas Malthus, who had
developed theories of population, or demography. Further challenges
were presented by biblical criticism, which emphasized the historical
origins of the Scriptures and questioned the concept of the Bible as writ-
ten by the direct hand of God.

In 1859, Darwin’s Origin of Species was published and immediately
created a furor that has not yet subsided. The first real debate of the is-
sue occurred at a meeting of the British Association for the Advance-
ment of Science in 1860. The “conflict” mentality was typified at that
meeting by an exchange between Thomas Huxley, one of Darwin’s stron-
gest advocates, and Bishop Wilberforce. The debate reached its peak when
Bishop Wilberforce asked Huxley whether he considered himself de-
scended from an ape on his grandmother’s or grandfather’s side. Huxley’s
supposed retort—that he would prefer to be descended from an ape than
from someone who obscured the truth—epitomized the conflict between
science and religion.10 William Draper also spoke at this historic con-
ference at some length.

The battle lines were drawn on both sides by individuals who con-
sidered the new scientific theories incompatible with Christianity. An
important event was the first Vatican Council called by Pope Pius IX in
1868. High on the agenda items was the discussion of a statement of
faith opposing “rationalism, naturalism, materialism, pantheism, and
kindred errors.”11 Moreover, it was this council that ultimately declared
papal infallibility in matters of doctrine to be church dogma.

Most significant, for our purposes, is that William Draper’s book was
written in direct response to the first Vatican Council. Draper discusses
the matter at length in the last chapter of his book. By the 1870s, as
A. N. Wilson tells us, “in some circles, men of science felt it was their
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duty not merely to express doubt about religion, but actively to promote
atheism.”12 The hostile climate of religion and science in the Victorian
age shaped the interpretation of the history of the Scientific Revolution.
The Victorians read their own struggles into the past. Today we inter-
pret Draper’s book as a polemical work that grew out of a specific po-
litical climate. However, such polemics were passed on to subsequent
generations as history.

These attitudes, developed in the climate of late Victorian society,
were supported by a more subtle development as well. One of the most
important intellectual influences on the writing of history in the late nine-
teenth and early twentieth centuries was positivism. Positivism can be
briefly defined as the claim that true knowledge is derived by empiri-
cal inquiry and is subject to verification. Knowledge that cannot be veri-
fied is “merely subjective.” These ideas were most fully developed by
the nineteenth-century founder of sociology, Auguste Comte (1798–1857).
As discussed earlier, Comte believed that each area of human knowl-
edge could be divided into three developmental stages: the theological,
the metaphysical, and the positive. In his Cours de philosophie posi-
tive, Comte stated that the physical sciences had reached the final stage
during the seventeenth century, when “positive conceptions were effec-
tively and with precision set free from the superstitious and scholastic
alloy that more or less disguised the veritable character of all previous
efforts.”13 In other words, the history of science was interpreted as the
story of the accumulation of empirical knowledge about the world and
would be framed as a story of the increasing separation of science from
external religious influences. Moreover, this was presented as a story of
progress.

Positivism influenced the writing of history in general, as histori-
ans in the early twentieth century strove to establish their discipline as
a scientific one and distance it from its earlier associations with litera-
ture and rhetoric.14 As well, it became the predominant approach to the
history of science. In many ways, it is not surprising that those who de-
veloped the academic discipline of the history of science took a posi-
tivistic approach. They were, for the most part, either scientists or
philosophers, not professional historians. Their contemporaries in the
historical profession were primarily interested in political, diplomatic,
and military history, and were generally quite happy to leave the his-
tory of science to scientists. Therefore, it is not unreasonable to expect
that scientists looking at history would focus on those aspects that elu-
cidated their current problems and would bring their assumptions of the
workings of science to their study of its history. This phenomenon has
been succinctly explained by Floris Cohen: “What has made positivism
so appealing to scientists with an interest in the past of science is that
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this doctrine fits in beautifully with working scientists’ virtually inborn
prejudices regarding the achievement of their predecessors.”15 In other
words, the history of science was first written by scientists and philoso-
phers as a history of progress toward the knowledge that they possessed
and the methods upon which they based their own work. It reflected
their own assumptions and concerns, laying the groundwork for seeing
the history of science as the progress of knowledge over ignorance and
superstition for subsequent generations.

One of the clearest examples of this approach is George Sarton, who
worked, more than did anyone else, to develop the history of science as
a professional discipline. He founded the journal Isis in 1913 as the first
journal dedicated to the history of science and worked to establish a his-
tory of science institute at Harvard.16 His own work was systematic and
comprehensive. His goal was to chronicle the entire history of scientific
achievement, a goal he never completely attained—his Introduction to
the History of Science ultimately ran into five volumes and reached only
the year 1400. Sarton’s work was rather humanist oriented. He empha-
sized science as a human activity and compared it in this sense to art
or religion.17 Nonetheless, he was influenced by Comte and wrote his
history based on what he called his “theorem on the history of science,”
which stated that “the acquisition and systematization of positive knowl-
edge are the only human activities which are truly cumulative and pro-
gressive” and concluded that “the history of science is the only history
which can illustrate the progress of mankind.”18 Moreover, he felt that
by studying the history of science, one could learn tolerance.19 He con-
sidered intolerance to be one of the evils of the world and believed that
the Church had hindered scientific inquiry by its reluctance to accept
new ideas. Sarton stated: “The history of science is not simply the his-
tory of discoveries and new ideas that are closer to reality; it is also the
history of the defense of these ideas against recurrent errors, illusions,
and lies. We must replace darkness with light; that is the main function
of science.”20

So as the history of science became defined as an academic disci-
pline early in the twentieth century, it was characterized by an approach
that emphasized the separation of science from theology and interpreted
the history of science as the history of progress. These still-apparent as-
sumptions were popularized in the writings of Herbert Butterfield, who
was one of the first general historians to write the history of science. In
his Origins of Modern Science, it was clear that Butterfield still based the
value of the history of science on the role of science in modern society:
“Considering the part played by the sciences in the story of our West-
ern Civilization, it is hardly possible to doubt the importance which the
history of science will sooner or later acquire.”21 As we have suggested,



44 W E B S  O F  R E A L I T Y

he inherited the assumptions of those who were already working in the
field. What makes this somewhat surprising is that it was Butterfield
who, as early as 1931, pointed out the “Whig” fallacy in the writing of
political history, that is, the error of evaluating the past by the extent to
which it contributes to the present.22

Such an approach led to a focus on the developments of the late
sixteenth and early seventeenth centuries as the period when science
became modern, that is, recognizable to us. It reinforced the notion of
the Middle Ages as a period dominated by a church that hampered in-
tellectual development. From this perspective, one of the greatest leaps
forward in the history of science was its separation from Christian the-
ology. Modern science was born when the medieval synthesis between
Christian theology and Aristotelian science was shattered, through the
concepts of Copernicus, the calculations of Kepler, the observations of
Galileo, and the insights of Newton. The underlying assumption was that
Christianity had been a hindrance to the development of science, a view
that Sarton declared quite explicitly.23 The textbook interpretation had
been formulated, and it continues to predominate today. One of the most
important popularizers of this interpretation is James Burke, whose books
and films tend to imply that both the symbolic worldview of the Chris-
tian Middle Ages and the power of the Church hindered the develop-
ment of anything like real scientific discovery. What is significant is that
the attitudes toward the relationship between religion and science were
a major factor in understanding the chronological development of science.

Revisionist Interpretations
The traditional narrative was based on an assump-

tion that religion and science were more or less in conflict. However,
other historians would problematize the relationship of Christianity and
science and question the chronology that saw the Scientific Revolution
as the liberation of reason and knowledge from superstition. We will now
examine some of the most significant challenges, with a view to exam-
ining how attitudes toward religion and science affected these other in-
terpretations. One of the most obvious examples is found in the work
of the French physicist and philosopher of science Pierre Duhem. Duhem
was a Catholic priest who began his research into the history of science
by looking at Leonardo da Vinci, and who spent years of research working
back through time to find the earliest traces of scientific thought. When
this was accomplished, he concluded that the origins of modern science
actually lay, not in the seventeenth century, but in the Middle Ages. In
the end, he rejected the notion that the Scientific Revolution occurred
in the seventeenth century, and in fact, that there had been a revolution
at all. He claimed that science proceeded by a series of small steps rather
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than by abrupt changes. So not only did he reject the traditional chro-
nology, but he used a different assumption about the way science changes
over time. For Duhem, Christianity was not a handicap to scientific de-
velopment, but the context in which it evolved. His work has been in-
fluential, although many of his ideas have been superseded by subsequent
research.

What is significant for our purposes is how Duhem’s findings con-
firmed his own religious convictions and in his mind served to vindi-
cate the Church. He is described in the Dictionary of Scientific Biography
as “Right-wing, royalist, anti-semitic, anti-Dreyfus, anti-Republican, and
a religious extremist.”24 He was famous for an essay published in 1954,
“Physics of a Believer.” This religious and political agenda has been con-
tinued by Duhem’s most fervent promoter, Stanley Jaki, a physicist, theo-
logian, and Catholic priest, who has written many works on the history
of science, as well as a biography of Duhem.25 Jaki called Duhem “the
most universal French genius around the turn of the century.”26 Jaki’s
work is often viewed as primarily polemical or at least apologetic in tone
and is thus controversial.27 The approach taken by Duhem and pursued
by Jaki is an example of how histories of science are shaped by religious
assumptions, but as well, of how they have served as a vehicle for re-
evaluating the relationship between religion and science.

Another revision of the traditional thesis came from a very differ-
ent quarter, that of sociology. In 1938, Robert Merton published his doc-
toral thesis, entitled Science, Technology, and Society in Seventeenth
Century England. In this work he argued that the early scientists had
not divorced themselves from Christian faith. On the contrary, he argued,
this faith had actually furnished some of the impetus for scientific re-
search. Merton identified a correlation between Protestantism, most no-
tably English Puritanism, and the rise of science. He argued that because
Puritans valued work and study, they were led to an interest in science.
He cited individuals like Robert Boyle as examples. In effect, he was
expanding the thesis put forward by Max Weber that Puritanism had been
a factor in the rise of capitalism. Almost every aspect of the so-called
Merton thesis has generated discussion, but it continues to persuade
many. What is significant is that Merton argued that, in this case, Chris-
tianity was a more positive factor in the development of science than
had been previously considered. It was, however, a reformed Christian-
ity, one that had been purged of its magical elements.

Other historians would question this relationship as well, and it is
worth looking at those scholars who began to examine the issue of magic
and science. With the exception of Lynn Thorndike early in the twenti-
eth century, the topic of the occult had been avoided by historians as a
legitimate field of inquiry.28 It had been deliberately excluded by George
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Sarton because, for him, scientific progress was assumed to involve a
separation from superstition, both magical and religious.29 Butterfield
had considered the relationship of magic to science and concluded that
the two phenomena were at opposite ends of the spectrum.30 Other ex-
amples of this dismissive attitude toward the history of magic are Charles
Singer’s history of medicine and H. W. Picton’s history of chemistry, the
final section of which was entitled “The Triumph of Truth.”31 The re-
examination of the relationship between magic and science was largely
the result of the work of three individuals: Alexander Koyré, Walter Pagel,
and Frances Yates. They would reshape scholarship for the next sev-
eral generations.

Koyré approached the history of science from the perspective of a
religious scholar; he had initially done graduate work on the theology
of St. Anselm in Paris and published research on sixteenth-century Ger-
man mystics. Although he retained a progressivist view of the history
of science, Koyré expressed sympathy with pre-seventeenth-century
mystics and alchemists and considered them worthy of study.32 He em-
phasized the Platonic and mathematical nature of early modern science
rather than its empirical side.33 Koyré’s study of Galileo was first pub-
lished in 1939. When the English translation appeared in 1978, the stage
was set for a reassessment of the relationship between religion and sci-
ence.34 By this time, a new generation was ready to broaden the scope
of traditional histories of science. Rather than viewing magic and the
occult with distaste or disinterest, this generation more often regarded
them with curiosity.35 Moreover, the discipline of history had been pro-
foundly reconfigured by the Annales historians in France, who de-
emphasized the idea of change and progress in history and tended to
view continuities instead. They reconfigured the history of ideas into
the history of mentalité, by which they meant the mental apparatus shared
by a culture in a particular period. This led to increased interest in un-
derstanding the participants in the Scientific Revolution within the cul-
tural context of their own time rather than as forerunners of our own.

A related development was the redefinition of the Scientific Revo-
lution in conceptual terms. In the first part of the century, the Scien-
tific Revolution had been defined largely as the history of physics, with
an emphasis on the work of Galileo and Newton. The Scientific Revo-
lution was a revolution in physics. However, other sciences had a dif-
ferent historical evolution. This had been recognized early on by Herbert
Butterfield, who had extended the chronological limits of the revolu-
tion to 1800 in order to take into account the history of chemistry, which
had its most significant breakthroughs after the Newtonian revolution
in physics. However, the real pioneer in the history of chemistry was
Walter Pagel, who attacked the positivist framework as anachronistic.
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One of Pagel’s students, Allen Debus, has argued that it is historically
inaccurate to judge the past from the perspective of the present. For ex-
ample, he pointed out that the sixteenth-century physician Paracelsus
had a greater immediate impact in his day than did his contemporary,
Nicholas Copernicus.36

One of the most significant and controversial developments is found
in the work of Dame Frances Yates. Going even further than Koyré and
Pagel, she argued that the magical worldview as it existed in the six-
teenth century was not a hindrance to the development of science, but
was, in fact, a stage in its development. She based her argument on the
notion that natural magic and alchemy as developed in the Renaissance
involved an examination and manipulation of the world in a way that
was new for that time. Even though the alchemists’ assumptions were
wrong, she argued, their impulses were correct, and in this they can be
considered precursors to scientists. Yates’s purpose was not to refute the
notion of the Scientific Revolution—she continued, like others, to see
the seventeenth century as a watershed—but she believed that examin-
ing Renaissance magic was crucial to understanding how science evolved.
Yates had her critics. One of the most vehement is Brian Vickers, who
dismisses an interest in Renaissance occult as a sort of nostalgia on the
part of modern historians and argues for a rigid distinction between oc-
cult and scientific thought.37 Vickers in turn is criticized for being anach-
ronistic in his portrayal of seventeenth-century scientists as modern
empiricists.38 The debate is largely between those who view the history
of science as a process of the elimination of irrelevant or incorrect ideas
and those who suggest that we must look at the byways in order to un-
derstand the path that was taken.

A notable legacy of this attempt to understand the early modern
worldview on its own terms is that it has helped to shed light on the
participants in the Scientific Revolution. Recent biographies of seven-
teenth-century scientists no longer neglect the fact that many of them
were either deeply religious, involved in magical or occult practices, or
both. It is useful to examine the development of historical scholarship
around Isaac Newton as an example. Earlier generations of historians of
Newton tended to shy away from his work on alchemy and biblical stud-
ies and focused on his physics. However, this approach was increasingly
perceived as inadequate and anachronistic. Historian Margaret Jacob de-
scribed the frustration historians felt after an international symposium
on Isaac Newton revealed the complexities of his mind and range of his
interests.39 In her own work on Isaac Newton, Betty Dobbs began to see
that there must be some way to understand both his alchemy and his
science. In Dobbs’s writings, Newton is no longer a prefigurement of the
Enlightenment, but the last of the magi.40 This trend to reevaluate the
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role of religion and magic has extended to other historical figures as well.
For example, a recent biography of Robert Boyle highlights his alchemical
activities, a topic previously disregarded.41

The State of the Art
It is difficult to summarize the state of the art at this

point. The history of science has exploded in the last few decades, in
all directions. Debates continue to revolve around the questions raised
at the beginning of this chapter. One of the most important developments
has arisen from postmodern quarters, or what is often referred to as the
“linguistic turn.” In the history of science, the reluctant herald of this
development was Thomas Kuhn, whose book The Structure of Scien-
tific Revolutions has become a reference that is tossed in cavalierly by
anyone who wants to suggest that the practice of science is entirely rela-
tive, merely the result of shifting paradigms. Kuhn tried to distance him-
self from the charge that he promoted any such view of science. With
or without Kuhn, some historians are now accustomed to bracketing the
entire issue of whether science is correct or not, and to examining the
external factors that shape it.42

To those outside the historical profession, many of these debates may
seem pedantic or irrelevant. Even within the profession, there are those
who are rather dismayed by the broad spectrum of voices. In the pref-
ace to Reappraisals of the Scientific Revolution, written in 1990, Lindberg
and Westman express dismay that there is no longer any standard view
of the Scientific Revolution.43 However, others see this as a more posi-
tive sign of renewal and lively debate and an expansion of the bound-
aries of the historical profession. More importantly, the current rewriting
of the history of the Scientific Revolution is indicative of the wider so-
cial debate regarding the role of science in society. William Shea has
aptly identified a key reason behind the current furor in the field of the
history of science: “When a society is perfectly satisfied with its method
of knowing, it is not greatly exercised about the way it was first acquired.
As long as science was considered to be the embodiment of rationality,
its history was less an examination of actual events than a celebration
of heroes and a quest for anticipations.”44 We might add that the cur-
rent interest in examining the relationship between religion and science
in the past is a reflection of our own society’s attempt to deal with the
question in our own time. In a recent study entitled Rethinking the Sci-
entific Revolution, a significant number of chapters deal with issues of
the interaction of religion and science in the early modern period.45 This
suggests that the complexities at the center of the debate as identified
by Ronald Cole-Turner, which we outline in the introduction, are genu-
ine and are important for the historians of our generation.
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Moreover, the story of the history of science reveals a shift in our
assurance that science will save and protect us. Earlier generations of
historians looked confidently at the history of science as the history of
progress and victory over superstition. Current generations tend to have
a different emphasis. The writing of the history of science from the early
twentieth to the early twenty-first century is a story of increasing skep-
ticism about the salvific powers of science and of the desire to develop
a more integrated understanding of the relationship of religion and sci-
ence. Perhaps the wide range of interpretations that now exists among
historians reflects the fact that our generation, rather than relying on sci-
ence to look after us, is, in Saint Paul’s words, working out its own sal-
vation “with fear and trembling.”46
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Close your eyes for a moment and visualize a scien-
tist. The odds are very high you imagined either a

The Iconography
of Science
Many of our pictures are incarnations of concepts
masquerading as neutral descriptions of nature.
These are the most potent sources of conformity,
since ideas passing as descriptions lead us to equate
the tentative with the unambiguously factual.

—Stephen Jay Gould, Wonderful Life
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white male in a lab coat surrounded by scientific apparatus or Albert
Einstein. The odds are very low that you imagined a woman or person
of color. Why should these images come to mind? Linguists call them
default assumptions, that is, what we assume to be the case unless we
are given information to the contrary. In North America the default as-
sumption of a scientist is a white male. Much of what and how we think
about science and scientists is shaped by the images and pictures we
hold, which unfortunately all too often have only a passing resemblance
to how science is actually done. Because most of us in the science-religion
dialogue are not practicing scientists, this iconography has the poten-
tial to distort the debate itself.

Following soteriology as the first characteristic of religion, Max Weber
identifies the second characteristic as saintliness. This refers to the idea
that there are always special individuals who stand out because of their
dedication or genius and who demonstrate that religion (or science), when
taken seriously, is a vocation or, in theological language, a calling. Saints
provide exemplars for the community. They serve as guides in times of
trouble, as sources of inspiration, and as models to be emulated. The
saint is a potent image. But here ambiguity enters in. First, the image is
always different from the reality. Images of science create a gap between
how science is portrayed and how it is practiced. Second, images have
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power, and we often accept them unconsciously. The unintended con-
sequence of images of scientific saints is to establish science as authority.
The social sciences can make important contributions to the science-
religion dialogue by analyzing science as the active practice of discov-
ery and debate engaged in by a community. As a practice, science becomes a
process of knowing rather than a corpus of truths about the natural world,
divorced from any context, which the nonexpert must accept on faith.

What these images mean for the science-religion dialogue is the sub-
ject of this part of the book. This chapter examines the images of sci-
ence, scientists, and the scientific method presented in textbooks. The
next chapter analyzes the greatest of scientific saints, Isaac Newton. Both
alert us to the difficulties these images can create for the science-religion
dialogue.

Ambiguous Images
Images dominate discussion of science, in both the

media and the academy. Recent controversies, such as the so-called sci-
ence wars, reveal a great deal of ambiguity in people’s attitudes toward
science. Expressions of fear and distrust are regular occurrences, yet sci-
ence retains enormous authority. Saintly Albert Einstein can be named
“man-of-the-century” one week, and geneticists can be accused of “play-
ing God” the next. Even a short perusal of contemporary discourse re-
veals deep ambiguity about basic questions. Is science a worldview, a
method, a body of knowledge, or the practice of a community? Are the
people who do science saintly geniuses, dispassionate experts, self-
interested ideologues, or arrogant seekers after godhood? Such images
do not spring up overnight. Perhaps they can best be understood as the
sedimentation of tradition.

For example, where do the default assumptions we mentioned ear-
lier come from? Until very recently, the vast majority of scientists (like
most others in the learned professions) were indeed white and male, and
to the extent that people had any personal experience with scientists it
would reinforce the stereotype. On the other hand, relatively few people
have much personal experience with science or scientists. What most
of us know about science comes either from the media or from the classes
we took in high school or at university. Of these, the media is by far the
more important. As sociologist Dorothy Nelkin reports: “For most people
the reality of science is what they read in the press. They understand
science less through direct experience or past education than through
the filter of journalistic language and imagery.”1  And people learn about
science, unlike most other areas, primarily from print, rather than elec-
tronic, media. While we will return to media images in chapter 7,
in this chapter we want to look first at education in order to examine
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some of the images from which people’s basic understanding of science
arises.

As a basis for this study we randomly chose five recent (1991 to
1999) university-level introductory biology textbooks.2  We chose them
all from the same discipline for continuity and ease of comparison. One
of the tasks of any introductory textbook is to portray the discipline to
neophytes, and in these days of competitive enrollments, this is not a
task to take for granted. All of these texts rise to the challenge. They are
all large (more than one thousand pages), colorful, well-organized books
loaded with graphics and illustrations. It is this last element, together
with their metaphors and “word pictures,” that particularly interests us.
We should not underestimate the potency of such images. As one of the
textbooks says of itself: “Vivid illustrations help fix otherwise abstract
ideas in our minds in the same way a mordant fixes a dye.”3  A striking
image or vigorous metaphor may display enormous longevity, persistence,
and power to shape discourse.

The textbooks are, of course, primarily concerned with teaching the
content of the discipline. But they also try to communicate who scien-
tists are and what they do. What are the images of scientists and sci-
ence presented to people who have little or no prior experience with
science? What are the assumptions, symbols, and myths that underlie
these images? And what are some of the implications of these images
for the science-religion dialogue? In this chapter we look first at the por-
trayal of scientists and then at how they do science, that is, the scien-
tific method. We will next make a few remarks about how the content
of biology is depicted and conclude with some reflections on the sig-
nificance of all this for the science-religion dialogue.

The Scientist as Saint
One of the things an introductory textbook usually

does is present the novice with exemplars of the discipline. Four of the
five texts did this by presenting vignettes of biologists at work.4  Most
of these depicted science as an interesting, fulfilling, and rewarding ca-
reer, much as would texts in any field. (Who, in any discipline, wants
to tell youngsters considering their life choices about months on end of
tedious academic grunt work?) But at least some of the vignettes in all
four books portrayed scientists in a particular way. We can call this the
myth of the heroic scientist.

The heroic scientist is the individual who, convinced of the truth,
stands alone against the crowd, often at personal risk. A particularly good
example is in Allan Tobin and Jennie Dusheck’s Asking About Life. They
begin their text by telling the story of Barry Marshall, the Australian doc-
tor who discovered that ulcers are caused by bacteria. In the 1970s,
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Marshall and a colleague noticed that tissues removed from their patients
with ulcers were infected with bacteria. Marshall began ordering biopsies
of all his patients and discovered they all were infected.

Marshall, however, had insignificant credentials as a doctor and
none as a researcher. In 1980, he seemed to have no more chance
of selling his idea to the bio-medical community than his bac-
teria had of flourishing in the corrosive environment of the stom-
ach. Nevertheless, in 1983 Marshall presented his hypothesis
at a scientific conference in Brussels. His presentation was a
disaster. He was unknown; he was young, inexperienced, and
overexcited; and he had a seemingly screwball idea. . . . When
Marshall’s presentation was over, his audience of eminent medi-
cal researchers shifted uneasily in their seats, embarrassed. A
few laughed. They couldn’t believe he was serious.5

Marshall was undeterred by this humiliation. He returned to his lab and
tried experiment after experiment, but he was unsuccessful in duplicating
the phenomenon in an animal. “Desperate to prove that he was no nut,”
Marshall decided to take the risk of experimenting on himself. “He told
no one ahead of time—not the medical ethics board at the hospital, not
his wife. They wouldn’t have approved, he knew.” Marshall survived
the bacterial cocktail he drank and “in time, other, more-established re-
searchers began to take an interest. Mainly they were interested in proving
Marshall wrong. But by the end of the 1980s, the evidence that the bac-
terium could infect the stomach was unassailable.” Because he knew the
truth and had the courage to keep going, Marshall had triumphed.

This is an inspiring tale, and other vignettes are just as uplifting—
Darwin facing down the prejudices of his day to establish the truth of
evolution; Edward Jenner risking lynching by a mob to conduct experi-
ments that would lead to vaccination for smallpox; Barbara McClintock
overcoming the sexism of the scientific establishment to win the Nobel
Prize. What gives these stories their potency, however, is that they are
all symbolic narratives. They all resonate with a fundamental myth in
Western culture. There are many versions of the heroic scientist myth—
it is not restricted to textbooks. The archetypes are the trial of Galileo
and the martyrdom of Socrates.

If we look beneath the surface details, we find that all these stories
(in textbooks and elsewhere) share a common structure. There are five
elements to the myth. First, the hero is a lone individual, an outsider.
Often he or she is of obscure origins. Barry Marshall was a humble Aus-
tralian doctor. Galileo came from a poor family and, refusing a scholar-
ship, had to leave university. Einstein was a patent clerk who had trouble
with arithmetic. Even in the case of Charles Darwin, who came from a
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distinguished, wealthy family, the textbook retelling emphasizes his failures
as a youth before he signed on to HMS Beagle.6  In no version of the
myth is the hero a project manager in a large, well-funded research lab.

Second, in the myth, the hero has to struggle against adversity. There
is, of course, a lack of resources. Darwin sets sail equipped only with
his notebooks and his keen powers of observation. Some, like Galileo or
Pasteur, have to invent the equipment with which to make their discov-
eries. Mythic heroes do not arise out of the Lawrence Livermore Lab or
the Mayo Clinic. Furthermore, nature does not want to give up its secrets.
As with Marshall, there are long hours of struggle and dozens of failed
experiments before the eureka moment, not infrequently achieved by
breaking the rules or risking the self.

Third, the hero faces opposition. This may take two forms. The first
is the individual against those in authority, be they the church, the state,
or the learned establishment of the day (or occasionally, as in the cases
of Socrates and Galileo, all of them at once). It is a conflict of knowl-
edge against power, which makes the myth a story of liberation. The other
form of opposition is the ignorant mob. Socrates, Galileo, Darwin, and
Pasteur, for instance, all challenged the commonsense notions of their
day. Ridicule is the universal fate of the heroic scientist, and sometimes
the dangers are much worse.

Fourth, heroes triumph because they know the truth. The objective
knowledge of the heroes is in contrast to the mere beliefs of their oppo-
nents. Pasteur knows microbes cause decay, while Pouchet believes de-
cay spontaneously generates microbes. Galileo knows the Earth orbits
the sun, while the Church only has faith in the opposite. Marshall is
able to prove bacteria cause ulcers, demonstrating stress as their cause
was “just a theory.”

Fifth, heroes can do all this because of their exemplary character
(what Weber would call charisma). The heroic scientists are geniuses.
They are exemplars, models to be followed, to be pointed to when ask-
ing “how it should be done.” In theological language, we call such per-
sons saints.

Genius has several aspects. One is its incomprehensibility. The me-
dia come up with all sorts of fanciful theories to explain genius. Some
say it is IQ, others say it is nurture, still others that it is in our chromo-
somes. Someone has even claimed that Einstein’s brain was structurally
different from normal. And like the relic of a medieval saint, Einstein’s
brain has been preserved in a jar. Charisma is mysterious, and whatever
theory is au courant, the prevailing attitude toward genius is awe: “Yet
though we can’t define genius, we know it exists. Genius has made our
world: From electricity to theology, we both enjoy and suffer from its
effects.”7
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A second characteristic is that, while genius is portrayed as the reason
for the hero’s triumph over all the obstacles discussed earlier, genius
appears to be conditional upon those obstacles. As Steve Fuller explains:
“The genius typically confounds all expectations by making an extraor-
dinary discovery while under adverse intellectual and financial circum-
stances. Indeed, humans appear hard-pressed to identify any genius who
did not suffer hardship, be it prior neglect or scanty material resources,
although that biographical fact is officially irrelevant to what makes some-
one a genius.”8

A third characteristic is that, like medieval saints, geniuses are
miracle workers. They see and do things that others cannot. Not only
are heroic scientists masters of those arcane rituals we call the scien-
tific method, allowing them to pierce the veils of subjectivity to find
“the thing in itself,” they exhibit a creativity beyond that of ordinary
scientists. As we have seen, in doing this they frequently extend, or even
break, the rules.

Fourth and finally, geniuses are nearly always portrayed as male.
One can think of a few women recognized as geniuses—Barbara McClint-
ock and Marie Curie come to mind—but not very many more. With the
notable exceptions of physics and computer science, women have made
significant advances in the natural sciences over the past twenty years.
Women have done particularly well in biology. The textbooks under study
here are more or less encouraging to women. McClintock and Mary Leaky
are mentioned, and most texts are careful to include pictures of female
researchers. Yet the people held by our culture to be exemplars of sci-
ence are nearly all male. At the level of our myths, science is still a male
activity. This, in part at least, explains why default assumptions have
been so slow to change.

The myth of the heroic scientist is one of the central myths of mod-
ern society and, in the form of the martyrdom of Socrates, goes back to
the very beginnings of the Western intellectual tradition. Textbooks in-
corporate the myth to inspire the young and introduce them to a noble
calling. It functions to inculcate values and models of behavior. This is
reflected in the attitude expressed in Robert Wallace, Gerald Sanders,
and Robert Ferl’s Biology: The Science of Life as “doing the damnedest
with one’s mind, no matter what,” or in the dedication of a scientist in
Ticki Lewis’s Life who, seriously scalded in a hot spring while collect-
ing, cries out “save that thirteenth sample.”9  But there is also a dark
side to the myth. We have already seen how it helps perpetuate gender
stereotypes. There are other consequences as well.

For one thing, the myth sets science apart from normal activity. If
those who engage in science are geniuses, it follows that science is be-
yond the grasp of ordinary people. If heroic scientists are saints, lesser
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scientists are made into priests. Science slides from being a system for
knowing the world into a system of authority. As Steve Fuller notes: “It
would seem that because the average difference in the knowledge of the
experts and the public in the case of science is much greater than in
that of any organized religion, . . . faith in science marks a degree of def-
erence to authority that is unprecedented in human history.”10  This cre-
ates a contradiction. On the one hand, by elevating scientific knowledge
above the beliefs of both those in power and the crowd, the myth pro-
claims science to be liberating. On the other hand, in that scientific
knowledge has itself become authoritative and cannot be challenged by
the ordinary citizen, it is profoundly anti-democratic.11  We have yet to
resolve that contradiction in our society.

If the bright side of the myth is the scientist as saint, its shadow is
the mad scientist or evil genius. From Victor Frankenstein to Dr. Jekyll
to Professor Moriarty to Dr. Strangelove, romantic art has imbued sci-
entists with hubris. Arrogantly believing they are above conventional
rules, these characters quickly lose self-control, becoming embodiments
of immorality and evil. Over the last fifty years, the growth of big sci-
ence in both power and authority has been matched by a growing sus-
picion of science among the public. Confronted with everything from
atom bombs to genetic engineering, increasing numbers of people are
coming to see scientists as “playing God.”

A final consequence of the myth is, ironically, the legitimation of
what Robert Park calls “voodoo science.”12  A key element of the myth
is the heroic individual standing alone against the learned authority of
the day. Take a trip to the local bookstore or spend an evening watch-
ing cable TV. Is there a crackpot anywhere not wrapped in the mantle
of Galileo, proclaiming self-righteously, “I will not be silenced”? If cer-
tain books and TV shows are to be believed, the accumulated wisdom
of practicing scientists, on anything from the age of the pyramids to UFOs,
should count for no more than the opinion of the Curia. But how is a
layperson to decide if someone peddling, say, an alternative medical treat-
ment today will be regarded as a quack tomorrow, or as the next Barry
Marshall?

The Infallible Method
Textbooks have to do more than motivate undergradu-

ates with inspiring vignettes of great scientists. They also have to intro-
duce them to how science is done. In the first or second chapter of each
of the five textbooks under study is a section on what it is that makes
someone a scientist—the scientific method.

Science education in North America is almost universally done using
an apprenticeship model. In addition to lectures and textbooks, students
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take labs where demonstrations (euphemistically called experiments) give
them hands-on experience. By the time they reach the graduate level,
they have acquired a good deal of craft knowledge in the practice of their
discipline. It is a system that works, although critics charge that it pro-
duces scientists who have little knowledge of the history or philosophy
of science. However, we are not concerned here with the totality of sci-
ence education but with the images in introductory textbooks. For most
undergraduates (in colleges and universities that require a science class
at all), an introductory class is all the experience of science they will
have.

A student reading any one of these books acquires an image of how
science is done. Those reading more than one of these books, however,
might come away quite confused. All of the books describe the “scien-
tific method,” but in no two is it the same. In all the books, the scien-
tific method is presented as a series of steps scientists must go through
(Sylvia Mader’s Biology and Lewis even have tidy diagrams), but only
one step—formulating a hypothesis—is the same in all five books. Four
of the books (all except Burton Guttman’s Biology) have a controlled ex-
periment as one of the steps. Only one book mentions prediction or sci-
entific laws, only one other mentions models or statistics, and only two
mention publication or reports of findings. For two books, hypotheses
may be confirmed. For the others they may only be falsified. Two books
are strongly hypothetical-deductive in their logic, while the others em-
phasize inductive reasoning as well. Now, none of this may matter very
much. The differences between the books may represent no more than
a healthy variety in their philosophy of science or pedagogical technique.
Still, we think these presentations of the scientific method raise a few
important issues.

First, all the books represent the scientific method in terms of what
philosophers of science call the context of justification rather than the
context of discovery. The one point they all have in common is that the
method begins with the formulation of a hypothesis to be tested, and
they go on at some length talking about the procedures for testing it.
They deal with how a scientist justifies confidence in her or his hypoth-
esis. The origin of the hypothesis in the first place remains rather mys-
terious, however. For those texts that even try to answer that question,
hypotheses emerge—somehow—from curiosity, puzzle solving, or “mull-
ing, dreaming or inspiration.”13  What happens at the end of the proce-
dure is equally mysterious. Several of the books mention publication,
and Lewis and Mader emphasize the cyclical nature of science, but none
talk about how reports are received by the scientific community or how
disputes among scientists are resolved. The image the novice is left with
is of an incredibly detailed method that rises out of the fog and disap-
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pears back into it. Is it any wonder that discovery is pictured as the work
of genius?

The presentation of scientific method in these texts thus bears only
a passing resemblance to the way science is actually practiced. As de-
picted, the scientific method is unitary, abstract, and individual. First,
these texts present science as a unity—the scientific method (even if they
cannot agree on what all the steps are). Only Guttman devotes more than
a sentence to the differences between sciences. Yet as philosopher Henry
Bauer establishes, methods and instruments that are taken as paradig-
matic in one discipline are irrelevant in another.14  Even subdisciplines
may have little by way of common practice. Molecular biology, for in-
stance, approaches the world very differently than does either ecology
or paleontology.

Second, the textbooks’ presentations of method are abstract, if not
arcane. The deductive-predictive methods of physics are taken as a model
for all of science. Most of the books simply equate field observation and
controlled experiment. As sociologists Harry Collins and Trevor Pinch
state: “The picture of a quasi-logical deduction of a prediction, followed
by a straightforward observational test is simply wrong.” Rarely is the
real world so neat, unambiguous, and free from “noise” as the textbook
picture. Nor are the demonstrations in an introductory lab likely to pro-
vide much of a correction. If the outcomes are fully known in advance,
all the demonstration does is confirm the hypothesis-prediction-observation
abstraction. But in the actual practice of science, where the result of an
experiment is not known beforehand, this may lead to what Collins and
Pinch call the “experimenter’s regress,” in which the scientist is caught
in a circle (whether or not the experiment “worked” is dependent on
the outcome, but the outcome cannot be verified unless the experiment
worked). 15  The scientific community has, as a community, of course
worked out ways of going beyond the experimenter’s regress, but stu-
dents will not read about them in the textbooks.

Finally, in the textbook version the scientific method is practiced
by the lone scientist. The scientific community, let alone the broader
social context of science, more or less disappears (with the exception
of a brief mention of technological benefits that flow from science). In
none of the texts is there anything of what Karen Knorr Cetina calls
“epistemic culture” or Diane Vaughan calls “workgroup culture,” that
is, nothing of the institutionalization of science and how that affects the
way scientists do their work. Certain values, such as curiosity, are dis-
cussed in terms of the motivation of individual scientists, but the norms
of the scientific community are absent. Indeed, even scientific ethics are
mentioned in only two texts (Guttman and Lewis—and in Guttman only
in terms of human genetics). This asocial view of science fosters what
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sociologist Sal Restivo calls the myth of pure science, in which science
is portrayed as, and only as, the production of knowledge for its own
sake.16

This leads to the third issue: How does one distinguish between what
is science and what is not? Wallace, Sanders, and Ferl are straightfor-
ward: “In its broadest sense science might be defined as the way one
gets at the truth, or at least as close to the truth as possible.” Guttman
tries to answer the question with a lengthy list of characteristics, none
of which is unique to science, but which together distinguish between
science, pseudoscience, and nonscience. For Mader, “anything less than
a completely objective observation or conclusion is not considered sci-
entific.”17  In all of these texts, science is defined by its content. Its bound-
ary is objective reality. Only Lewis talks, briefly, about the limitations
of the scientific method and the importance of interpretation. All the
texts depict science, to use philosopher Ian Hacking’s words, as a prod-
uct rather than as a process, that is, as a corpus of truths rather than as
a practice.18  Science is presented as the authoritative statement of “the
way things are.”

In sum, the textbook discussion of scientific method pictures sci-
ence as individualistic, asocial, and authoritative. Now, for science ma-
jors, who are slowly inducted into the practice of science over the course
of their studies, what introductory books say about method is probably
not all that important in their formation as scientists. But for the bulk
of students, this is their only exposure to how science is done. For those
whose inclusion in science will go no further than an introductory class,
science has to be taken on authority.

Images of Content
At more than one thousand pages each, these text-

books focus massively on content. As we have just seen, relatively little
attention is paid to science as a process. This is significant. Many people,
nonscientist and scientist alike, have the image of science as a corpus
of truths about the material world. This has important consequences for
the science-religion debate, as we shall see shortly. But first we need to
look at how the content of science is depicted. To keep our discussion
manageable, we will concentrate on a single issue. Stephen Jay Gould
begins Wonderful Life: The Burgess Shale and the Nature of History with
a discussion of the iconography of evolution. Since evolution remains
a central issue in the science-religion dialogue, and since many readers
will be familiar with Gould’s work, we will continue his discussion
by examining the pictures the textbooks use to illustrate the theory of
evolution.

These pictures are important because they are more than just illus-
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trations. Each represents a model of a process, in this case of evolution.
“A model,” Ian Barbour says, “can be grasped as a whole, giving a vivid
summary of complex relationships, which is useful in extending and
applying the theory as well as in teaching it.”19  Models may be as simple
as a picture or as complex as a computer simulation, but the level of
complexity affects neither the accuracy nor the utility of the model. Ev-
ery model is a selection and compression based upon what the model
builder wants to emphasize—it is not reality in miniature (see chapter
10). Models are indispensable, but they also contain risks. Reification
is inherent in the process of model building, and what makes a model
useful in simplifying and illustrating a complex process may also give
unwarranted facticity to those elements selected. We have a bias toward
the visual and, as the old saying goes, “seeing is believing.” The danger
is that, as Gould points out: “Many of our pictures are incarnations of
concepts masquerading as neutral descriptions of nature. These are the
most potent sources of conformity, since ideas passing as descriptions
lead us to equate the tentative with the unambiguously factual.”20

Charles Darwin used a potent metaphor to describe the process of
evolution. The history of life, he said, was like a great tree: “The limbs
divided into great branches, and these into lesser and lesser branches,
were themselves once, when the tree was young, budding twigs, and this
connection to the former and present buds by ramifying branches may
well represent the classification of all extinct and living species in groups
subordinate to groups.”21  The tree of life has been a standard depiction
of evolution ever since.22  Built into that model, however, was the idea
of progress. Those organisms at the top of the tree were higher or more
advanced than those lower down. Human beings were always placed
among the topmost branches, of course. Evolution became a story of linear
development climaxing in the present order of things. It was Whig his-
tory on a grand scale. This is the point Gould challenges in his book.

The tree of life has a number of variations—the ladder of life, the
cone of increasing diversity (see fig. 3.1), and the famous “March of
Progress from Ape to Man” (in which the figures are always male). But
in whichever format, Gould argues, these icons all depict evolution as
linear and progressive.

In its conventional interpretation, the cone of increasing diver-
sity propagates an interesting conflation of meanings. The hori-
zontal dimension shows diversity—fishes plus insects plus snails
plus starfish at the top take up much more lateral room than
just flatworms at the bottom. But what does the vertical dimen-
sion represent? In a literal reading, up and down should record
only younger and older in geological time: organisms at the neck
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of the funnel are ancient; those at the lip, recent. But we also
read upward movement as simple to complex, or primitive to
advanced. Placement in time is conflated with judgment of worth.

However much biologists today may want to deny such preconceptions,
these biases are inherent in the iconography. Gould continues: “The fatu-
ous idea of a single order amidst the multifarious diversity of modern
life flows from our conventional iconographies and the prejudices that
nurture them—the ladder of life and the cone of increasing diversity.”23

He goes on to argue that the fossils of the Burgess shale (unusually well-
preserved fossils from the mid-Cambrian period found near Field, Brit-
ish Columbia) show a wider diversity of basic body plans (as opposed
to number of species) than are found among animals today. Instead of
linear progress, Gould argues for a model of evolution characterized by
decimation and diversification (see fig. 3.2). For him, evolution is less
like a tree than a badly pruned bush. Evolution is driven not by progress
but by chance.

Gould’s theories remain controversial, and it is not our place to judge
between him and his critics.24  The point he does establish is that, how-
ever we depict it, a model will bear within it assumptions (including
extrascientific ones) that are both inherent and concealed by the
reification of model building. Well-grounded theory, debatable assump-
tions, or baseless speculation can all be given equal facticity by the icons
we use.

Returning to the textbooks, we find that all of them have read Gould,
and the majority has taken at least some of his admonitions to heart.25

All the books mention his theory of punctuated equilibrium as an on-
going controversy, although none use his model of decimation and di-

Figure 3.1 Cone of Increasing Diversity
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versification. Only Lewis (human ancestry) and Wallace, Sanders, and
Ferl (horses) have illustrations that portray evolution as linear, while
Guttman makes the strongest representation of the alternative view, us-
ing pictures of two different reconstructions of horse ancestry to empha-
size that linear models are incorrect.26

The point, however, is not that these textbooks have kept up with
current theorizing. Whether a model shows evolution as linear progress
or random chance is less significant than the certainty that whichever
theory it illustrates will have facticity bestowed upon it. A nonlinear
model of evolution may very well be more “accurate” in that it encom-
passes a broader range of empirical data, but it is no less imbued with
assumptions or philosophy than its predecessors. But for the reader of
the textbook, the illustrations present a picture of “the way things are.”
Models are indispensable to the practice of science, but we have to see
them as part of a process of knowing rather than as a picture of the natural
world itself, divorced from any context, which the nonexpert must ac-
cept on faith.

Implications for the Science-Religion
Dialogue
No one who has been teaching for very long has many

illusions about what students come away with from an introductory class.
A year or two after the class, most students will be left with a smatter-
ing of vocabulary and, we all hope, a bit of inspiration. But what sticks
in people’s memory are the images, both pictures and metaphors. While

Figure 3.2 Decimation and Diversification
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the media are more important in shaping most people’s everyday knowl-
edge of science, their educational experiences give them a framework
that filters and shapes later information. Those whose science educa-
tion ends after the introductory class will, quite obviously, have a very
different experience of science than those who become professional
scientists.

Throughout this chapter we have seen that there is frequently a gap
between how science is portrayed and how it is practiced. Images have
power, and we often accept them unconsciously. The unintended con-
sequence of the textbook presentations is to establish science as author-
ity. What are some of the implications of all this for the science-religion
dialogue?

The textbooks, as we have seen, portray science as content, as a body
of truths about the material world. So do many people in the science-
religion dialogue. Both the Barbour and Gould models, discussed in the
introduction, picture science as an entity, a body of discoveries to which
religion must respond. So we have any number of articles along the lines
of “the theological implications of X” (fill in the blank with your favor-
ite scientific finding). But is this a very useful way of thinking about,
and debating with, science?

It has become common in science studies to speak of two aspects
of science. We mentioned Ian Hacking’s distinction between science as
product and science as process. Others have spoken of frontier science
versus textbook science (Bauer), ready-made science versus science in
action (Latour), controversial versus noncontroversial science (Collins
and Pinch), and, most recently, Science (with a capital S) versus research
(Latour again). What all these have in common is the distinction, on the
one hand, between science as an active practice of discovery and de-
bate and, on the other, science as the substance of what is discovered
after the debates have closed. We think this is a useful distinction.

There is a qualitative difference between the kind of science found
in, say, Nature or Science, and that found in the textbooks. The jour-
nals are full of frontier science, science in action, where scientists en-
gage in lively debate. What is at issue is nature itself. For example, was
the Earth hit by an asteroid sixty-five million years ago or not? Did an
asteroid kill the dinosaurs, or were they killed by volcanoes, or did they
die off slowly from disease and climate change? Until scientists come
to a conclusion, we do not know the answer. So long as the arguments
continue, nature is in dispute. Textbook science is what is left at the
end of the process. What in the journals is a hotly disputed hypothesis
becomes a mundane fact by the time it reaches the textbooks.

This is what makes textbook science authoritative. No one disputes
the periodic table or the laws of thermodynamics, because generations
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of scientists have used them and confirmed that this is indeed the way
nature works. No one has the same level of confidence in, say, superstring
theory or sociobiology. The problem in scientific controversies is a ten-
dency for authority to move “upstream,” for frontier science to claim
the same authority as long-established knowledge. This is very clear in
the science wars and can be found in the science-religion dialogue as
well. Nobody would be much interested in an article on “the theologi-
cal implications of the periodic table,” but there are risks in discussing
the latest cosmological theory or research in neuropsychology as if it
were the same kind of science.

The first risk is exemplified by the Galileo affair. In spite of the my-
thology, the trial of Galileo did not simply pit science against religion.
At the time of Galileo, far from being in conflict with science, the Church
was using what Barbour would call an integrative approach. The Church
developed its theology by integrating it with the science of its day, that
is, Aristotle’s. Unfortunately for the Church, Copernicus and Galileo
changed the science out from under it. This risk is inherent in any inte-
grationist approach. The aim of theology has always been to guide the
community of the faithful in its moral reflection and help it find mean-
ing in the world. Science, on the other hand, changes continuously, and
even the textbooks get rewritten.

A second risk is that, other than a few extraordinary individuals,
such as Ian Barbour or John Polkinghorne, who are cross-trained in sci-
ence and theology, most people in the dialogue are nonspecialists try-
ing to deal with very specialized knowledge. (This applies to scientists
looking at any specialty outside their own as much as it does to others.)
Apart from the difficulty in simply understanding another discipline,
since we tend to identify science with its content, how is the nonspe-
cialist to decide what is “good” science and what is not? Science on the
frontier is by its nature unresolved. How can a nonspecialist find the
assumptions built into a model or decide an issue if the experts have
not? No one wants to confine the dialogue to the periodic table, but who
wants to publish “the theological implications of cold fusion”?

Of course, we could limit the dialogue to “safe” subjects, scientific
findings upon which nearly everyone agrees (but as the anti-evolution
movement demonstrates, even that may be hard to find). The risk of doing
so is irrelevance. Science and technology regularly pose moral and policy
dilemmas which as a society we must face. The greatest contribution
the science-religion dialogue can make is to provide insight and ethical
guidance, but to do so we have to engage the issues precisely before they
are resolved. It is futile to allow science or technology to develop with-
out comment and then decide after the fact that it would have been better
had it been done differently. The time to debate whether or not human
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cloning should be allowed, for instance, is before someone has cloned
a human being.

These dilemmas are inherent and unavoidable so long as we iden-
tify science as a corpus of truths about the natural world. The alterna-
tive is to see science as an active practice of discovery and debate a
community engages in. As a practice, science becomes a process of know-
ing rather than a body of objective truths divorced from any context,
which the nonexpert must accept on faith. And it is precisely because
of their ability to analyze science as the practice of a community that
the social sciences can make important contributions to the science-
religion dialogue.

Viewing science this way has advantages for the dialogue. First, it
puts scientists back into science. Science becomes what the scientific
community does. As a community, scientists have norms and values,
standards of evaluation and criteria for judgment, even if different sub-
groups employ distinct standards and criteria. As in any community, sci-
entists have disputes and their own means of resolving them, ways of
determining what is most important and allocating resources, and means
for deciding who is a member of the community and who is not. Viewed
this way, science becomes less of an abstraction, and scientists cease being
mythic heroes. Instead, when science becomes the practice of real people,
we have a much more solid basis for partnership and dialogue.

Second, if we see science as its content, religion can never be more
than added on, and its legitimacy will always be suspect. Science will
always be the active partner in the dialogue, and religion can do little
more than listen. If we understand science as a practice, however, theo-
logical insight and ethical reflection can become part of the process from
the beginning. By engaging scientists and engineers in their day-to-day
activities, the science-religion dialogue can make a difference in the way
science and technology are practiced. Making reflection on values and
ethics part of everyday scientific practice could be one of the most im-
portant reforms generated from the science-religion dialogue.



  

The Newtonian
Revolution
Nature and Nature’s laws lay hid in night:
God said: Let Newton be! and all was light.

—Alexander Pope, epitaph for Sir Isaac Newton

69

4

Scientific revolutions have been a major focus in our
attempt to understand the nature of science and the

nature of the scientific enterprise. How a system of knowledge comes
into being must reflect both the nature of that knowledge and the envi-
ronment or culture in which it is created and later operates. The New-
tonian revolution, often referred to as the Scientific Revolution, stands
out as both the foremost scientific revolution and its archetype. A spe-
cial feature of this revolution is its perceived birth from the mind of one
man, who eventually became the prototype for the rational mind of the
modern scientist. This association of modern science with Isaac New-
ton as the ideal model of the modern scientist was promoted by genera-
tions of scientists and historians partly in order to create the self-serving
myth of the Scientific Revolution as a clean, discontinuous triumph of
rationalism and inquiry over ignorance, tradition, and the occult.

The traditional story is of a Newton standing on the shoulders of
Bacon, Galileo, Kepler, and Descartes and seeing the promised land,
where the external, real world was conquered by the methods of experi-
mentation, rational analysis, and deductive reasoning. This view of the
Newtonian revolution is self-serving in that it supports the idea of in-
evitable progress in the scientific enterprise. It also justifies the belief
in an objective, real world and the superiority and triumph of the philo-
sophical approaches and systems of rationalism, objectivity, material-
ism, and naturalism. In addition to these fundamental philosophical
beliefs, the structure, nature, and successes of Newtonian mechanics

Newton was not the first of the age of reason. He
was the last of the magicians.

—John Maynard Keynes, “Newton, the Man”
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imply the auxiliary doctrines of mechanism, determinism, reductionism,
and realism. In essence, Newtonian mechanics became the basis for the
Newtonian worldview, a radical change from the earlier holistic and or-
ganic Aristotelian worldview.

As we saw in the previous chapter, major movements tend to be as-
sociated and identified with single individuals who then become the
symbolic human icons for those movements. For Newtonian mechanics
and its accompanying worldview, the human icon was of course Isaac
Newton, who was born on Christmas Day in 1642 (in the Julian calen-
dar), the same year in which Galileo had earlier died.1  How strange and
puzzling it must be, then, for physics students today to read from John
Maynard Keynes’s famous essay: “Newton was not the first of the age
of reason. He was the last of the magicians, the last of the Babylonians
and Sumerians, the last great mind which looked out on the visible and
intellectual world with the same eyes as those who began to build our
intellectual inheritance rather less than 10,000 years ago.”2  What could
Keynes possibly have meant by these cryptic remarks? Has history pre-
sented a false image of our icon, or was it, in fact, only a partial image?

In this chapter we argue that Newton was not the model modern sci-
entist but was instead a living Faust who in his own life combined
science, religion, and magic. Newton’s ambitious life goal was to under-
stand God’s universe and purpose. His raison d’être was to understand
everything, and Newton’s everything was greater than our everything.3

Those who elevated him to the status of a scientific saint did so by sup-
pressing the memory of both his religion and his magic. It is therefore
ironic that Newton’s authority as a scientific saint is used to bolster a
metaphysical naturalism that aims to replace religion.

Newton, the Genius
What did Newton accomplish? Annus mirabilis,

sometimes whimsically paraphrased annus physicalis, is a favorite term
of physicists, especially in association with the years 1905 and 1932.
Ironically, the term originated with the British poet John Dryden in ref-
erence to the year 1666, which saw the confluence of the plague, the
Great Fire of London, and the war with the Dutch.4  If Dryden had been
blessed with a gift of prescience, he would have also included the un-
precedented intellectual achievements of Newton, when as a young, un-
distinguished scholar he was forced to leave Cambridge University and
return to the family farm in Woolsthorpe to avoid the plague.5  Denied
the usual academic resources and stimulation, his initiative, brilliance,
and tenacity facilitated an unparalleled explosion of achievement that
included the discovery of the law of universal gravitation, the formula-
tion of calculus, and the crucial experiments that elucidated the nature
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of light.6  If genius is the capacity to transcend limitations and expecta-
tions to achieve the unachievable, then Newton was undoubtedly a
genius.

Even after three hundred years, the breadth, depth, and style of
Newton’s remarkable lifework continue to amaze us. “Nature to him was
an open book,” reflected Albert Einstein, “whose letters he could read
without effort. In one person he combined the experimenter, the theo-
rist, the mechanic and, not least, the artist in expression.”7  With a slight
touch of ironic poetic license, the historian I. Bernard Cohen describes
the sweep of Newton’s accomplishments and reputation:

Newton, thrice great like the magical patron of alchemy Hermes
Trismegistus, dominated the rise of three major sciences in mod-
ern times: rational mechanics, experimental optics and pure
mathematics. Known in his day for achievements unsurpassed
by any predecessor or contemporary, he had penetrated the mys-
teries of light and color (and had invented a new type of tele-
scope), had found the law of universal gravitation (thus to
explain at once why the planets move around the sun in accord
with Kepler’s three laws and why stones fall to earth as Galileo
had found they do) and was an inventor of the “fluxional cal-
culus,” the new language of the exact sciences. With the kind
of admiration usually granted to superheroes in war or athlet-
ics, Newton’s contemporaries asked whether he was at all like
ordinary men: did he eat and sleep like other mortals?8

In 1687, Newton’s work on gravity was transformed, with the assistance
of Edmund Halley’s midwifery, into the greatest and single most influ-
ential scientific work ever written, Philosophiae Naturalis Principia
Mathematica—more familiarly, Mathematical Principles of Natural Phi-
losophy—usually referred to today as simply the Principia. In this book
Newton was able to establish the subjects of classical kinematics and
dynamics as the first comprehensive physical theory, as well as to de-
velop a novel approach to the creation of scientific theory that became
the standard for all later physical theories. Newton’s modus operandi
for his mechanics included all known relevant observations and mea-
surements, accounted for observations and measurements with minimal
complexity (or maximum economy), and led to new and different ex-
periments that produced results consistent with the predictions of the
theory. The extraordinary success of Newton’s theory and approach con-
vinced the scientific community that the primary criteria for the accep-
tance of any theory should be its utility, that is, its usefulness as a tool
for further scientific inquiry and publications. The publication of the



72 W E B S  O F  R E A L I T Y

Principia caused an immediate furor in the English scientific community
that later spread to continental Europe, eventually crystallizing into the
icon of Newton and the myth of his work.9

What was the basis of this myth? How did Newton revolutionize
science?10  Newton’s mechanics, which included his law of universal
gravitation, was the fulfillment of Galileo’s dream of overturning the Ar-
istotelian worldview. By unifying terrestrial and celestial physics, Newton
destroyed the foundations of Aristotelian physics forever. One impor-
tant byproduct of this overthrow of tradition was the effective separation
of physics and chemistry, so that each could develop into an indepen-
dent science.11  How an object moved became a question independent
from what substance the object was made of. Another important conse-
quence of Newton’s system was the decoupling of physics from the au-
thority of traditional Aristotelian philosophy and the replacement of
philosophical argumentation and syllogisms by a system of axiomatic
mathematical modeling. This foundational and functional change was
poignantly reflected by a shift in the training background of physicists
from philosophy to mathematics.

The importance of the problem Newton solved was assessed by the
British historian Herbert Butterfield in his Origins of Modern Science:
“Of all the intellectual hurdles which the human mind has been faced
with and has overcome in the last fifteen hundred years, the one which
seems to me to have been the most amazing in character, and the most
stupendous in the scope of its consequences, is the one relating to the
problem of motion.”12  Newton’s system of mechanics initiated an un-
precedented paradigm shift involving several aspects of science, which
resulted in the transformation of science into modern science. The efficacy,
utility, and successes of Newton’s mechanics made it the archetype for
all subsequent modern science, and it became the practical foundation
and inspiration for the Enlightenment and the Enlightenment ideal.13

It has been said that the journey to truth is usually more holy than
the arrival. And in the journey of scientific development, as with life in
general, timing is everything. “The most important thing for a genius,”
noted Lev Andreevich Artsimovich, “is to be born at the right time.”14

And it was fortunate for science that Newton was born at the right time.
He was able to use and incorporate several seminal innovations devel-
oped by Kepler and Galileo in his own system of mechanics. Newton
was one of the great synthesizers of knowledge in the tradition of Euclid
and Ptolemy, but his principal synthesis—unlike those of his predeces-
sors—was not of results but of ideas. In common with the later great
syntheses of James Clerk Maxwell (involving electricity and magnetism)
and Albert Einstein (involving space, time, mass, and energy), Newton’s
creation was much greater than the sum of its parts.
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Newton was obsessed with learning and knowing everything in God’s
universe. His system of mechanics was the Holy Grail that he and oth-
ers successfully used to assault numerous previously unsolvable prob-
lems. The Newtonian worldview was the realization of the classical Greek
belief in an ordered, regular universe that is rational and understand-
able. Newton and his followers eventually believed that all aspects of
our rational universe could be analyzed and understood by a combina-
tion of carefully obtained data, reason, talent, and, last but not least, per-
sistence. When asked how he made his discoveries, Newton gave his
famous response: “By always thinking unto them. I keep the subject con-
stantly before me and wait till the first dawnings open slowly, by little
and little, into a full and clear light.”15  As a result of its utility and suc-
cess, Newtonian mechanics became the archetype for all modern science
and the standard against which other scientific, especially physical, theo-
ries were to be measured.

Newton’s Science
What are the features of modern science that were

derived from Newtonian mechanics? It is useful to separate these features
into four categories: content, approach, methodology, and epistemology.

Content
It is truly amazing that the first semester of almost

any calculus-based physics course taken anywhere in the world will be
Newtonian mechanics, unchanged in spirit from Newton’s ground-
breaking work.16  For as E. N. da C. Andrade noted: “From being the pre-
occupation of a few curious spirits science has grown to be a universal
study, on the fruits of which peace among people and the prosperity of
nations depend, but the great principles enunciated by Newton and their
orderly development by him remain as the foundations of the discipline
and as a shining example of the exalted power of the human mind.”17

The new concepts, realizations, and theories needed to create the com-
plete structure and approach of today’s physics were primarily additions
to the foundations laid by Newton in the Principia published in 1687.

Approach
The Newtonian revolution presented a gestalt shift

in the way scientists viewed nature and how they thought about it. To
understand this shift, it is useful to summarize pre-Newtonian physics.
Before the Scientific Revolution, the accepted view of nature was based
on the Aristotelian approach in which the motions of objects were con-
sidered phenomena that were directly related to qualities possessed by
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the substances that made up those objects.18  To Aristotle, physics was
the study of phenomena that were changeable and a source or cause of
motion.19  In the heavens, phenomena were circular and repeated them-
selves without deviation as a result of the celestial objects being made
of the perfect heavenly substance called quintessence (ether). Since ce-
lestial objects never left their natural place, celestial motion was per-
petual circular motion having neither beginning nor end. This perfect
motion was due to the celestial objects being in direct communication
with the Prime Mover (First Cause or Aristotle’s God). There was no need
for other forces, since celestial objects were doing what they naturally
should do, and, in fact, they could not do otherwise.

Terrestrial motion, that is, motion on the Earth, was divided by
Aristotle into two different classes of phenomena: natural motion that
proceeded from the nature of the object, and violent motion that derived
from external forces acting on the object. According to Aristotle, all ob-
jects of the Earth were made of combinations of the four elements of
Empedocles: earth, water, air, and fire. Each of the four elements had a
natural place of existence within the Earth that reflected its position in
a natural hierarchy, for example, the natural place of earth material is
at the center of the Earth. All objects naturally wanted to travel in straight
lines toward their natural place, where they would eventually come to
rest. In essence, this natural motion represented a transition or change
from a potentiality to an actuality of an object. For example, a stone that
is dropped will fall straight downward toward the center of the Earth.
Another example of Aristotelian analysis of nature is the process of burn-
ing paper, which causes a separation of the earth, air, and fire elements
that made up the paper. The ash, being made of earth, will fall straight
down, while the fire will move upward, striving to be above the air.

Violent motion, on the other hand, was understood in terms of ex-
ternal agents or forces, which implied that these forces caused move-
ment. If an object was moving as a result of a violent motion, then there
had to be a specific force responsible for this motion. Conversely, if there
is no applied force, there can be no violent motion. Though equating
forces with any motion seemed to make perfect sense to Aristotelian phi-
losophers, it turned out to be completely wrong and created a large bar-
rier that prevented future progress in mechanics.

Galileo and Newton, in stark contrast to Aristotle, believed that ob-
jects did not possess any innate qualities that dictated their motion. In
particular, since inanimate objects are not alive, they do not want or strive
to do anything. Things happen in the physical world because other things
previously had happened to them. Phenomena occur because of processes
involving forces that act on the object from the outside world (its envi-
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ronment). Objects interact with each other only through forces; in other
words, forces are how objects “communicate” with each other.

Galileo and Newton replaced Aristotle’s concept of a natural place,
which they did not believe existed, with the concept of a natural state
of an object that was either at rest or in uniform motion having con-
stant velocity. This altered viewpoint required forces in order to explain
the celestial circular motions, as well as any accelerated motions on Earth.
An object’s state of motion is defined as its velocity (speed and direc-
tion), and its acceleration is the rate of change of its velocity. An object
couples with its environment through forces that connect the object and
the environment, and these forces act on the object causing its velocity
(state of motion) to change. Newton’s famous second law, F = ma, or
net force = mass times acceleration, emphasizes this difference in per-
spective from Aristotelian thought. If there are no forces acting on an
object, or alternatively, if there is no net force, then there are no changes
in the object’s state of motion, and the object continues to move with
the same velocity. Thus it is possible in the Newtonian framework to
have motion without the presence of any net force. Forces connect an
object to its environment, and their net action produces a correspond-
ing acceleration, which is the response by the object to this influence.
This is the origin of causality, that is, cause and effect, in the Newtonian
world of mechanics. It answers the question of why objects move the
way they do through observing how they move.

As part of the philosophical foundation of his system, Newton re-
jected occult, mystical, teleological, or religious explanations for natu-
ral phenomena in the physical world. Certainly this reflected his total
rejection of Aristotelian thought and methodology, which were replaced
by his focus on the study of repeatable phenomena. In Aristotle’s world,
objects were the primary entities of study in the attempt to understand
the order and purpose of the world. Objects had innate qualities that
manifested themselves in both the nature of the objects and in the phe-
nomena associated with these objects. It was the goal of Aristotelian sci-
ence to understand objects in terms of their nature, potentiality, and
actuality. Celestial phenomena were cyclical and repeatable, while ter-
restrial phenomena were directed, linear, and nonrepeatable. For New-
ton, on the other hand, objects were just the vehicles through which
natural processes were carried out, and it is these processes that are re-
peatable and universally applicable to all objects in the universe. The
outcome of any phenomenon in the Newtonian worldview was indepen-
dent of either its location or its time of occurrence (a result that later
was to be generalized as the principle of universality). Instead of attempt-
ing to understand why the phenomenon was occurring in terms of some
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purpose or some grand design, it was the phenomenon itself that was
important in understanding nature. A corollary to this new attitude in
science was the gradual decoupling of religious dogma and precepts from
the knowledge and study of science.

Methodology
Newton began the Principia with a set of rules—

”Rules of Reasoning in Philosophy”—the first two rules being articula-
tions of what are now referred to as Occam’s razor and the principle of
universality:

We are to admit no more causes of natural things than such as
are both true and sufficient to explain their appearances. To this
purpose the philosophers say that Nature does nothing in vain,
and more is in vain when less will serve; for Nature is pleased
with simplicity, and affects not the pomp of superfluous causes.
. . . Therefore to the same natural effects we must, as far as pos-
sible, assign the same causes. As to respiration in a man and in
a beast; the descent of stones in Europe and in America; the light
of our culinary fire and of the sun; the reflection of light in the
earth, and in the planets.20

Interestingly, Newton’s “Nature does nothing in vain” was taken directly
from Aristotle, but obviously with a different intent.21  “Natural philoso-
phy [science] consists in discovering the frame and operations of Na-
ture,” remarked Newton, “and reducing them, as far as may be, to general
rules or laws—establishing these rules by observations and experiments,
and thence deducing the cause and effects of things.”22

Newton’s approach to studying nature was completely revolution-
ary in scope and method. The structuring of the principles, problems,
and results in a completely mathematical form allowed for a diminish-
ing focus on the causal aspect while allowing model building to emerge.
Eventually, it became encapsulated in the view that physics is the art
of problem solving of systems of nature by successive approximation of
mathematical models using calculus and differential equations. Newton
and the physicists who followed him studied specific problems that are
mathematically solvable instead of general philosophical problems that
were typical of the earlier Aristotelian philosophers.

Epistemology
Newton’s methodology had its genesis in the work

of Galileo and later became formalized in the epistemology of modern
science: hypothesis testing by controlled experiments. In Newton’s hands,
this marriage between the ideals of Bacon and Descartes became a ménage
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à trois in which Galileo’s Platonism became the framework that held
empiricism and rationalism together. Generally speaking, most scientists
would agree on what constitutes good and valid scientific methodology.
It is reductionistic in nature and involves the careful analysis of obser-
vations and experiments in terms of orthodox theory. The problem is
that there is little agreement on the specific details of this methodol-
ogy, and certainly it is not possible to reduce it to a concise formula to
be followed, as was pointed out in the previous chapter. The so-called
scientific method, which is a variation of Baconian empiricism, is gen-
erally acknowledged to be a myth.23  Imagination, intuition, and lucky
guessing play as large a role as any rational process in constructing good
ideas. A more realistic view of scientific methodology, which also re-
flects the method used by Newton, is the hypothetico-deductive method
that constructs hypothetical models based on and inspired by observa-
tions and then tests them by deducing the various consequences gener-
ated by the models.24  It is the consequences that are important and that
require detailed checking against controlled experiments. The epistemol-
ogy that this methodology naturally supports is reductionism and a tem-
pered realism, referred to as either critical realism or scientific realism.

Newton’s system was materialistic, mechanistic, deterministic, re-
ductionistic, and progressive. The effect of the success of Newtonian
mechanics immediately influenced social institutions and intellectual
thinking throughout European society, especially in England. It became
the intellectual genesis of the Enlightenment ideal, a belief that all as-
pects of the world, including human behavior and institutions, can be
understood through the use of scientific methodology and reasoning.25

A corollary to this belief is the view that the only reliable knowledge is
knowledge obtained through science. For those who supported the
Newtonian worldview and the Enlightenment ideal, it was essential to
use Newton as a symbol and epitome of this worldview and ideal. In
his lifetime, Newton was often regarded as a demigod of rationalism. It
was this image that was self-serving to his followers to the point that it
had to be preserved and sanitized in order to promote Newtonianism.

Newton the Magician
But what about Newton’s interest in alchemy, the

occult, and biblical prophesy? These activities were well known to his
inner circle of friends and yet are nearly absent from the earlier biogra-
phies of Newton.26  Since their existence became widely known in the
1930s, they have posed a set of difficult questions for historians. Why
were these activities omitted from the portrait of Newton handed down
to us? What else about Newton has been hidden from us? Were Newton’s
alchemy, occult activities, and studies of biblical prophecy connected
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with his scientific activities? And more importantly, did these dispar-
ate activities influence each other?

In a remarkable coincidence of history, the renowned British econo-
mist and scholar John Maynard Keynes bought a huge collection of
Newton’s papers in 1936 at a Sotheby auction fifty years after they had
been offered to Cambridge University.27  These papers brought to light
many facets of Newton that had been hidden from the public at large
by a conspiracy of scientists and historians who either could not deal
with the truth or had agendas to be served. When these papers were origi-
nally examined shortly after Newton’s death, they shocked his contem-
poraries who generally viewed modern science as the antithesis of
alchemy and superstition. It became convenient to consider these ac-
tivities as amateur dabblings that had nothing to do with Newton’s sci-
entific work. This view was reinforced by the belief that modern science
is evolutionary and progressive in nature. Science is assumed to be self-
correcting over time, and many of its ideas and methods naturally
become extinct through the conscious act of rejection by the scientific
community.

How do we reconcile these contradictions in Newton’s intellectual
life? How could the first and greatest modern scientist, who became the
godfather of the Enlightenment, have a secret life that was deeply in-
volved in the seemingly irrational? First of all, we must acknowledge
that it was fortunate that the Keynes papers, known as the Portsmouth
Collection, became available during a period that could accept them as
part of a larger and more human Newton.28  At the same time that the
extent of Newton’s involvement with alchemy, the occult, and biblical
prophecy was being recognized, the dark side of Newton was surfacing
to public scrutiny. In addition to being a very private man, Newton was
seen to be obsessive, egotistical, jealous, insecure, and spiteful.29  His
ambition to understand everything drove him to physical lapses, a ma-
jor nervous breakdown, and the alienation of colleagues and former
friends. Newton, the man, was as unsuccessful as Newton, the physi-
cist, was successful. These aspects of Newton are complementary and
present completely different impressions of the same man when viewed
separately. In fact, Newton’s abused and tortured soul plays a role in
bridging the worlds of natural science and the occult. Keynes concluded
his famous Newton Tercentenary Celebrations essay with a description
of Newton as “this strange spirit, who was tempted by the Devil to be-
lieve . . . he could reach all the secrets of God and Nature by the pure
power of mind—Copernicus and Faustus in one.”30

These revelations can lead us to view Newton not as the greatest
modern scientist, but instead as a real Faust with one foot in the magi-
cal tradition of the past and the other in the modern science of the fu-
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ture.31  Newton became obsessed with the goal of understanding all of
God’s universe and purpose. He believed that a universal synthesis had
been achieved in the fabled ancient wisdom, or prisca theologia, a di-
vinely inspired knowledge thought to date back to the time of Moses,
which needed to be rediscovered (see chapter 5). Newton’s goal of syn-
thesizing all knowledge led him to believe that all of his enterprises in
mathematics, mechanics, optics, the occult, alchemy, and biblical criti-
cism and prophecy were part of a single enterprise.32  His eclecticism
expressed itself in his use of different methods of inquiry for different
domains of activities involving this search. Newton, unlike modern sci-
entists, did not see his alchemical studies as conflicting with his scien-
tific studies, for they were complementary in scope.

And most importantly for our purposes, behind all of Newton’s ac-
tivities and studies was the belief in a real God who is in direct control
of everything in the universe.33  Newton believed that a complete un-
derstanding of God’s universe and purpose involved questions that re-
quired methods different from those used by physicists in answering
mechanical questions. This motivation to go wherever truth led him was
reminiscent of Robert Boyle’s struggle to balance science, alchemy, and
God. Both men wanted to use reason to serve their spiritual beliefs, an
approach that creates a tension that is at the heart of all science-religion
interactions and disputes. Modern historical research and analysis has
shown that the rationalist Newton is a myth created by the Enlighten-
ment and its followers, who attempted to deny religious motivations and
connections in the development of science.

 There is a revealing parallel between the internal tensions that ex-
isted within Newton and those created by his revolution. Usually one
thinks of the Scientific Revolution as a series of events or a period of
scientific history, but it is more useful to think of the Scientific Revolu-
tion as a process that affected the different sciences at different periods
of time and that ended with the synthesis and crystallization of the many
features that are usually associated with modern science. Newton was
the catalyst for both the revolution in mechanics and its aftermath, while
at the same time a transitional figure who strangely reflected the changes
and tensions occurring during the process of the Scientific Revolution
itself.

Newton, Science, and Religion
One of the major results of the Scientific Revolution

is a radical change in the view of reality and of the various domains
within it.34  Before the Scientific Revolution, reality included the natu-
ral world and the spirit world, and magic was the realm in which they
intersected and interacted. At the end of the Newtonian revolution,
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intellectuals were increasingly associating the natural world with real-
ity and at the same time exiling magic to the irrational and putting the
spirit world and miracles into limbo. This redefining of reality and the
boundaries of its domain was a process that occurred parallel to the Sci-
entific Revolution and has its own evolutionary history. The process of
redefining reality occurred concurrently with the development of the
philosophical concepts of naturalism and metaphysical naturalism as the
basis of modern science.

 Naturalism is the epistemological imperative that requires modern
science to consider and include only natural phenomena, natural pro-
cesses, and natural principles. In other words, only natural mechanisms
need apply as explanations for events in nature. Supernatural explana-
tions are not permitted to play any role within the domain of scientific
explanations or understandings. Metaphysical naturalism, on the other
hand, is the ontological precept that the universe consists only of mat-
ter, natural processes, and forces. Supernatural forces, spirits, and events
do not exist nor can they be entertained in scientific speculations. Since
the seventeenth century, the scientific world has increasingly accepted
the concept that reality is synonymous with the domain of the natural
world. An important corollary to the concept of metaphysical natural-
ism is this limiting process of identifying reality with the natural world.
The associated belief that reality is the physical universe composed only
of matter and energy is referred to as scientific materialism (or monistic
materialism). The only phenomena that are considered real within the
scope of scientific materialism are things that are physical, measurable,
or deducible from scientific observations.

When Newton was struggling with his attempt to balance his ratio-
nal head and his spiritual heart, the process of redefining reality was in
an early stage, and reality often was viewed as nature plus, where the
plus could contain spiritual and occult components. God was generally
viewed as the real Creator and power in the universe. One of the goals
of Newton’s science was to understand how the universe operated in
order to gain insight into God’s mind and purpose. Purpose in the
Newtonian worldview could be derived from its meaning, which in turn
could be inferred from the order and design that the natural world re-
vealed to the scientist as a result of his or her attempt to understand
the knowledge obtained from observation and experimentation of natu-
ral phenomena. Newton made many references to this motivation for his
work, and in this regard he was similar to Bacon and Boyle before him.
A rational God should be reflected and revealed in an ordered and ra-
tional universe—a universe that could be deciphered using rational means
and methods.

The Newtonian world was so immediately successful at unlocking
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the secrets of nature that it became associated with the metaphor of a
clockwork universe. Nowhere was this viewpoint more eloquently ex-
pressed, and at the same time coupled with the idea of a divinely gov-
erned unity, than by Alexander Pope in his Essay on Man, epistle 1:

All are but parts of one stupendous whole,
Whose body Nature is, and God the soul;
That, chang’d thro’ all, and yet in all the same,
Great in the earth as in th’ aethereal frame,
Warms in the sun, refreshes in the breeze,
Glows in the stars, and blossoms in the trees,
Lives thro’ all life, extends thro’ all extent,
Spreads undivided, operates unspent,
Breathes in our soul, informs our mortal part,
As full, as perfect, in a hair as heart;
As full, as perfect, in vile Man that mourns,
As the rapt Seraph that adores and burns;
To him no high, no low, no great, no small;
He fills, he bounds, connects, and equals all.35

Over time, Newton’s clockwork metaphor for creation eventually devel-
oped a life of its own that naturally created a shift from the glorifica-
tion of the Creator to the glorification of the creation. As the Newtonian
worldview grew out of its adolescence, the concept of naturalism also
grew to the point of being able to stand on its own feet.

In the apocryphal, though often reported and historically influen-
tial, conversation between the French mathematician Pierre Simon de
Laplace and Napoleon Bonaparte, Laplace came to symbolize the idea
that modern science no longer needed God. “You have written this huge
book on the system of the world,” Napoleon supposedly noted when
Laplace presented him with a copy of his celebrated Mécanique céleste,
“without once mentioning the author of the universe.” “Sire,” courte-
ously responded Laplace, “I had no need of that hypothesis.”36  It al-
most seemed that the universe had outgrown its parent and did not need
God any longer.

Today a further evolution can be seen in the interaction and con-
flict between the concept of naturalism that starts with the assumption
of a universe that allows for the existence and operation of only natural
processes and the intellectual understanding of God’s role in the uni-
verse. From its inception, the concept of naturalism has continuously
gained acceptance and influence in the academic world. Most scientists
today (if they think about it at all) would subscribe, in relation to their
work “I the lab,” either to a strong version of naturalism or to metaphysi-
cal naturalism.37  Ironically, if God created the universe, it was done so
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efficiently many contemporary scientists regarded God as either obso-
lete or superfluous.

 This historic change in our understanding of the world and corre-
sponding beliefs is often seen in contemporary science-religion interac-
tions. In the not-too-distant past, one usually heard theologians, and some
scientists, starting with the assumption of a real (Christian) God who
literally created the universe and who is forever in control of this cre-
ation. Today, that viewpoint has been increasingly replaced with the per-
spective of naturalism.

When discussing their view of what constitutes valid religion and
its appropriate domain, some modern scientists, such as Albert Einstein
and Stephen Jay Gould, are often concerned only with the ethical as-
pects of religion and not with any issues of God, especially a personal
God, nor with the role of divine action in the universe.38  Three hun-
dred years after the publication of Newton’s Principia, many modern sci-
entists no longer see their science as a celebration of the Creator of a
rational, ordered universe. Under these conditions, the issue then be-
comes: What role do we allow God to have in our universe? For God is
no longer the starting point of our relationship to the universe but ap-
pears instead to be an appendage to it, if God appears at all.

So naturalism seems to have triumphed, at least in academia, over
the domain of religion. But is the situation really that simple? There are
other clues pointing to other possibilities for our predicament at the be-
ginning of the twenty-first century. In spite of the tendency of an in-
creasing number of intellectuals during the three centuries since the
creation of Newton’s clockwork metaphor to view reality in strictly natu-
ralistic terms, religion has never disappeared. Interestingly, the promi-
nent science philosopher Michael Ruse chose Can a Darwinian Be a
Christian? as his title for a recent book on contemporary science-religion
issues and engagements.39  Maybe this is a sign that the pendulum of
naturalism is starting to swing back to a more balanced position.

So, while Isaac Newton may be a saint of modern science, this im-
age is a distorted one that ignores his religious nature. By looking at New-
ton in the context of his time, we see the irony that the father of
naturalism was not a proponent of it. If Newton had not been convinced
of the existence and origin of the order in God’s created universe, he
would not have looked for it. One lesson to be learned from this epi-
sode in the history of science might be that we need to continually re-
assess whom we sanctify and the reasons for doing so. In the case of
Newton, this reassessment may allow the real Newton to emerge from
his distorted image and again serve as an exemplar, this time as a rec-
onciliation between science and religion that opens up rich possibili-
ties for further research and debate.
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Magicians,
Reformers, and
Scientists
Scientists of today can read and recognize works
done after 1687. It takes a historian to comprehend
those written before 1543.

—Richard Westfall, “The Scientific
Revolution Reasserted”
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Now we go right to the heart of the “fuzzy stuff in
the middle” of Ronald Cole-Turner’s model, that is,

of what we have called the seamless web of relationships between reli-
gion, science, technology, and ethics. Specifically, we look at the issue
of instrumentality, that is, how religious and scientific ideas are used
in a practical sense. This brings us into the realm of magic, which his-
torically was a natural outgrowth of belief in the supernatural. It is helpful
to consider magic as an instrumental component of religion, in the same
way that technology is the instrumental counterpart to theoretical sci-
ence. This relationship may be surprising, because most of us would con-
sider our age a scientific one in which magic has no role. However, at
one time science, religion, magic, and technology were all intimately
linked. We begin by examining the history of those relationships. We
will see that there was an important historical moment, the Reforma-
tion, during which attempts were made to draw boundaries between
magical and religious beliefs. It was followed by another attempt, which
we call the Scientific Revolution, to separate magical practices from sci-
entific ones. After this historical analysis, we will be better positioned
to understand the boundaries that we have inherited. However, in chap-
ters 6 and 7, we problematize those boundaries. Has magic really dis-
appeared from our worldview, or is our thinking still magical in some
ways? In chapter 6 we take a functional approach, that is, we look at
how magic works and examine two contemporary instances where it
implicitly operates. In chapter 7 we focus on the symbols of magic and
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look at how these symbols still have power to move us, no longer in
the service of religious belief, but in the service of science and technology.

Explaining Causation—Then and Now
Our sense of identify is reflected in our understand-

ing of our own history. It is commonly assumed that we now live in a
scientific age, a legacy of the Scientific Revolution of the seventeenth
century. Our modern scientific worldview is contrasted to that which
preceded it, which is labeled medieval and characterized as magical. As
Richard Westfall suggests, we feel that there is something qualitatively
different about this earlier period, about the way people thought and,
specifically, how they thought about the natural world. One way to ex-
plore the history of this human tendency is by examining some of the
underlying assumptions that informed prescientific thinking about nature.

There are two important differences between the assumptions of the
late Middle Ages and those of our own day. In order to highlight these
differences, it is worth reflecting briefly on our own assumptions. First,
we might look at the example of how a physics teacher explains mag-
netism to her or his class. Students learn about electrons, which they
cannot see, but they assume that they exist as something that belongs
to the material world. In the Middle Ages, magnets were considered magi-
cal, and the forces that made them work were thought to be supernatu-
ral. Sailors used magnets for compasses but needed to keep them hidden,
lest they be charged with using an instrument of the devil. What has
changed is our attitude toward the invisible world. We can accept the
idea that something can be physical, yet invisible to the human eye. In
the medieval period, which lacked the tools to extend people’s visual
perceptions, the invisible was not part of the material world.

Second, we need to reflect on our attitudes toward that which we
do not know. For example, physicists are not really able to explain what
gravity is, although they are able to study its effects. However, they as-
sume that they will one day find out more than they know today and
that the answer will belong to the material world. This confidence in
our own ability to understand causation is our legacy from the Scien-
tific Revolution. In the Middle Ages, what was unknown was consid-
ered to operate on magical principles. What has also changed, then, is
our attitude toward the things we do not understand. In short, what has
characterized the modern worldview for the last several centuries is a
spirit of optimism. Before the seventeenth century, the manner in which
causation was approached differed from our own hopeful assumptions
about our future abilities.

On the other hand, it is worth reminding ourselves that even though
we live in a scientific age, most people are still motivated by a desire to
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find ultimate explanations. For example, we may understand the phys-
ics involved in why a car crash occurred but on a different level we seek
to understand why a loved one was injured in it. Certainly, if one is a
metaphysical naturalist (see chapter 4), that is, if one believes that there
are no forces beyond those of the physical world, explanations become
more straightforward. However, the revival of interest in all things oc-
cult within the last few decades suggests that many people still turn to
ideas like fate, or God’s will, or even the stars, when scientific explana-
tions are psychologically unsatisfactory. It is this impulse that allows
us to view our medieval and early modern forerunners with a more sym-
pathetic eye than we might otherwise have.

In this chapter, we examine how causation was understood in the
past. Our approach is necessarily broad, in both time and scope. We will
begin by discussing medieval attitudes (specifically, those of the scho-
lastic theologians), and then focus on the early modern period (that is,
the sixteenth and seventeenth centuries). Moreover, we are working be-
yond the traditional divisions into which history is generally compart-
mentalized—the Renaissance, Reformation, and Scientific Revolution—
fields that historians often treat in isolation from one another. Instead,
we argue that underlying each of these processes is a common desire to
find a satisfactory epistemology, that is, to figure out a way to under-
stand how the world works. At every stage, there is a renewed attempt
to understand, explain, and even control the forces that are immaterial
or invisible.

Magicians
In a medical book written by the court physician to

King Edward II of England in the early fourteenth century, one can find
this remedy suggested to stop a nosebleed: “Go to a place where the san-
guinaria (i.e., shepherd’s purse) grows and kneeling say Our Father and
Hail Mary, etc. Then [say] this versicle: ‘You, who have redeemed us by
your Precious Blood, we ask you to come to the aid of your servants.’
And then collect one or two plants. . . . And then hang this plant about
the neck of the patient from whom the blood flows, and instantly it will
stop and surely constrict.”1  It is difficult for us to know what to make
of such a remedy: Is this medicine, religion, magic, or a combination of
all three? To the medieval mind, the material and the spiritual worlds
were closely integrated and interacted with one another. Such a cure
(one of many examples that could be cited) made perfect sense.

One reason for the difficulty in discerning where religion ended and
magic began was that magic made logical sense in a universe that was
thought to contain not only plants, animals, and humans, but angels and
demons. Medieval Christianity had been profoundly influenced by Neo-
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platonism, a philosophy that emphasizes the continuum between the
physical and spiritual realms. Reality was thought to be organized into
a great chain of being, proceeding upward from inanimate matter to
plants, animals, humans, and into the realm of angels, with God at the
pinnacle. It was the sixth-century Neoplatonist Dionysius, the pseudo-
Areopagite, who perfected this system by outlining in detail nine levels
of angels who mediated between God and humans. It was also thought
that there existed a variety of spirits that held an intermediary position
between the purely spiritual nature of the angels and the physical bod-
ies of humans.2  This made possible a world containing everything from
angels to demons. It is important to note that, as spiritual beings, both
angels and demons were thought to possess knowledge unknown to hu-
mans. As fallen angels, demons were still superior to humans in their
knowledge of the natural world, due to their immaterial nature.

This worldview created theological problems, however. It raised is-
sues not only of how things worked, but also of the proper Christian
response. The Church’s attitude throughout the Middle Ages was that
magic was done with the help of demons and therefore was evil. It was
Saint Augustine (354–430) who laid the foundations for this attitude.
He posited a distinction between miracles wrought by God and magic
performed with demonic aid. His distinction was to undergird the
Church’s view for centuries: “People attempt to make some sort of a dis-
tinction between practitioners of illicit arts, who are to be condemned,
classing these as ‘sorcerers’ (the popular name for this kind of thing is
‘black magic’) and others whom they are prepared to regard as praise-
worthy, attributing to them the practice of ‘theurgy.’ In fact, both types
are engaged in the fraudulent rites of demons, wrongly called angels.”3

In other words, according to Augustinian doctrine, there is no such thing
as good magic.

Medieval philosophers articulated three categories of causation: natu-
ral, supernatural, and preternatural. Events with obvious material causes
were natural. Events that God caused, such as miracles, were supernatu-
ral. In between natural and supernatural events were events caused by
forces superior to humans, that is, by angels and demons. In this mindset,
then, it was possible to distinguish between miracles caused by God and
magic caused by lesser spiritual forces. So magic could be natural in
the sense that it used natural means, but it was demonic because it re-
quired the help of the demons.4  If we understand these three categories
of causation—natural, preternatural, and supernatural—we can un-
derstand the scholastic attitude toward magic and superstition. It was
not seen as qualitatively different from religious belief. Magic used the
same mechanisms that religion used, but they were directed toward an
incorrect end, that is, a being other than God. For example, Thomas
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Aquinas (c.1225–1274) looked at the issue of the healing powers of Chris-
tian relics and concluded that the powers were supernatural, since the
relics healed some patients and not others.5  In this case, he attributed
the healing to angelic intervention not to demons. So we may summa-
rize the scholastic position as one in which belief in the invisible realms
was assumed, demons were considered part of those realms, and the oc-
cult, or hidden, aspect of natural phenomena was explained through re-
course to either supernatural causes (that is, a miracle of God) or
preternatural ones (caused by demons).

However, by the late Middle Ages, challenges to these distinctions
came from the direction of technology, which had begun to surpass the
philosophers’ ability to explain how things worked. If occult, hidden
forces in nature resulted from spirits, how did one understand, for ex-
ample, a clock? William Eamon has argued that by the late Middle Ages,
magic consisted of explanations for technologies that had been devel-
oped but for which there was no scientific explanation:

The medieval mind was equipped with few scientific concepts
with which to explain the phenomenal amounts of power that
could be produced by such familiar machines as water wheels,
windmills, and cannons. Nor was scholastic science able to ex-
plain the manifold conversions of power and motion that were,
by the fifteenth century, commonly accomplished by means of
complex gears, crank-shafts, connecting rods, belts and chains.
The only analogy available to explain such marvels was the idea
that the universe was a vast reservoir of occult forces and ener-
gies which could be tapped at will by various means: talismans
to draw down the virtues of the celestial bodies, mixtures of
herbs designed to exploit sympathies and antipathies, and above
all, machines.6

The outgrowth of this development were attempts by the end of the
Middle Ages to make magic into a science, as a branch of knowledge
involving the study of occult qualities, whose effects could be seen, but
which could themselves not be perceived. One twelfth-century work con-
sidered necromancy and alchemy branches of natural philosophy, along
with medicine, agriculture, navigation, and optics.7  By this time, Euro-
pean scholars had been introduced to Arabic scientific writings, such
as the Secreta secretorum, which was attributed to Aristotle and thought
to contain secret knowledge available only to the adept. The boundaries
where legitimate natural philosophy ended and demonic magic began
became increasingly blurry from this point on.

About the middle of the fifteenth century, natural magic experienced
an intellectual revival. The Italian philosopher Marsilio Ficino (1433–
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1499), working under the patronage of the Medicis in Florence, began
translating previously inaccessible texts into Latin. His primary interest
were the writings of Plato and of the Neoplatonists. While working on
a Latin translation of Plato, another text fell into his hands—the writings
of Hermes Trismegistes, which contained magical and mystical ideas.
One of the most infamous passages in the Hermetic texts refers to the
process of creating life itself, specifically, how to make a homunculus,
or a living statue that could predict the future and both cause and cure
diseases.8  Ficino was requested to prepare a Latin translation of the Her-
metic texts. Shortly thereafter, another body of purportedly ancient literature
was introduced to the West through Ficino’s student Giovanni Pico della
Mirandola (1463–1494).9  This was the Kabbalah, the Jewish mystical
writings. The kabbalistic texts describe the magical power contained in
the letters of the Hebrew alphabet and their numerical equivalents.10 What
Ficino and Pico were doing was, of course, entirely in line with the great
interest in ancient texts that had impassioned Italians for several gen-
erations, but it introduced into Italian society new sources of magical
“wisdom.”

Ficino and his followers believed that God’s wisdom was commu-
nicated not only in the Scriptures but also to Hermes, Pythagoras, and
Plato. They were thus merging pagan and Christian knowledge into what
came to be called the ancient theology, or prisca theologia. The thread
that united them was a Neoplatonic emphasis on the relationship be-
tween the spiritual and natural realms, the correspondence between these
realms, and the possibility of attaining real scientific knowledge about
the nature from these correspondences. Magic became, in some circles
at least, a respectable intellectual pursuit in late-fifteenth-century Italy.
Renaissance magicians claimed what they were doing was not a demonic
exercise, but an intellectually valid and even moral pursuit. What excited
the Renaissance Neoplatonists was the belief that they had discovered
the textbooks that held the keys to unlocking the secrets of the universe.
Neoplatonic magic worked on the assumption that if one knew the cor-
rect formulae, incantations, and symbols, one could draw down the spiri-
tual energies of the universe and utilize them for human purposes.

The elements of Renaissance magic were compiled and categorized
in a book that would become the textbook of Renaissance magic, The
Occult Philosophy of Henry Cornelius Agrippa (1486–1535), first pub-
lished in 1531. Agrippa distinguished three types of magic. First was
natural magic, involving the manipulation of natural objects, that is, al-
chemy. Celestial magic or astrology was second. Third was religious
magic, which involved the conjuring of angels and spirits, or necromancy.
These forms of magic corresponded, respectively, to the physical, celes-
tial, and supercelestial spheres.11  Alchemy was based on the belief that
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the natural world is composed of four elements—earth, air, fire, and wa-
ter—that are combined in different ways. It seemed reasonable to con-
clude that one might be able to learn how to recombine them, for example,
to produce gold. Astrology was based on the belief that God had writ-
ten wisdom into the stars and that one could predict events through un-
derstanding the stars. And necromancy, as we have seen, was based on
the assumption that spirits—including here angels, demons, and departed
human souls—have superior knowledge that humans can discover and
manipulate.

If knowledge is power, we have no better illustration than that of
the attitude of the Renaissance magi toward their crafts. Neoplatonists
believed that people could control their own destiny and environment,
and this was a selling point for their activities. Magic was intellectually
seductive. It is a beguiling thought that the cosmos is ordered and mean-
ingful, and it is thrilling to imagine that one can find all of the ways in
which its components are connected. We get a taste of this excitement
by listening to the words of the sixteenth-century Italian astrologer
Girolamo Cardano (1501–1576):

Nothing comes closer to human happiness than knowing and
understanding those things that nature has enclosed within her
secrets. Nothing is more noble and excellent than understand-
ing and pondering God’s supreme works. Of all doctrines, as-
trology, which embraces both of these—the apotheosis of God’s
creation in the shape of the machinery of the heavens and the
mysterious knowledge of future events—has been unanimously
accorded first place by the wise.12

Moreover, this worldview was psychologically appealing or, as we might
say today, empowering. The Neoplatonists had an essentially optimis-
tic view of human nature based on the notion that humanity, having a
soul, was linked to God and could in some measure perform the work
of God on Earth. They went so far as to describe their learning as a pro-
cess of “divinization.”13  For the Renaissance Neoplatonist philosophers,
the purpose of life was defined as the perfection of the soul through the
attainment of wisdom.14  Pico della Mirandola articulated this view in
his treatise On the Dignity of Man, in which he argued that God had
created humans with the ability to either descend to the beasts or rise
up to the divine realms. In either case, they were free to determine their
own fate. Paul Ricci, an Italian Kabbalist, defined this as one of the ba-
sic premises of the Kabbalah: “Whoever is constructed in the likeness
of God and as a microcosm, and resembles the Most High and Macrocosm
in manner of activity, seeks his own perfection.”15  For the Kabbalists
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in particular, the notion of salvation as the attainment of wisdom was
central. It was based on the notion that the soul had existed before it
entered the body and resided in heaven; when it descended to earth, its
goal was to learn how to perfect itself through living a human life. Sal-
vation was, in their minds, an intellectual exercise.

By the early sixteenth century a new figure had emerged in European
culture: the magus. He was perhaps an astrologer, prophet, alchemist,
or all three. One of the most notorious was Nostradamus (1503–1566),
whose predictions still grace the covers of supermarket tabloids (the only
sixteenth-century personage of whom this can be said). Nostradamus was
the court astrologer to the Valois kings of France. In fact, it was not un-
common for sixteenth-century monarchs to have astrologers on hand to
give them counsel on issues such as the best time to go into battle. In
the same way universities today compete in hiring the top research sci-
entists, Renaissance monarchs tried to have the best alchemists on their
payrolls. The potential benefits to be gained from someone who might
be able to transform lead into gold were obvious.

Agrippa’s Occult Philosophy contains a clear articulation of magic
as a higher calling, one that required study and wisdom but also moral-
ity and pureness of heart. Those who attained this and performed their
religious duties faithfully would be rewarded with divine power. What
is noteworthy here is that religion and magic have become almost com-
pletely integrated. Agrippa illustrates how this works: “If therefore now
thou shalt be a man perfect in the sacred understanding of Religion, and
piously and most constantly meditatest on it . . . and art such an one on
whom the authority of holy rites and nature hath conferred dignity above
others . . . thou shalt be able by praying, consecrating, sacrificing,
invocating, to attract spiritual and Celestial powers, and to imprint them
on those things thou pleasest, and by it to vivifie every magicall work.”16

For Agrippa, magical activity was entirely consistent with—and a natu-
ral extension of—Christianity. Some Catholic alchemists explicitly com-
pared their activities to the eucharistic transformation.17  So we find with
the rise of Renaissance magic an almost complete unification of magi-
cal activity, religious devotion, and scientific inquiry. The basic ideas
were formulated, as we have seen, in Italy in the last half of the fifteenth
century and were disseminated throughout Western Europe in the first
half of the sixteenth. However, no sooner had the Renaissance synthe-
sis of magic, religion, and science been formulated, than the boundaries
came to be challenged.

Reformers
The Reformation of the Christian Church was many

things. But most historians would agree that one of these things was an



M A G I C I A N S ,  R E F O R M E R S ,  A N D  S C I E N T I S T S 93

attempt to redraw the boundaries between religion and magic. With the
Protestant Reformation and, to a lesser extent, the Catholic or Counter-
Reformation, attempts were made to purify Christianity of superstitious
and magical elements. Protestants reformulated the Christian faith by
attacking the Renaissance synthesis. The basis of much criticism of the
Church was the “magic” in its rituals. For Protestants, the process of
boundary formation was thus relatively straightforward. They rejected
anything they thought smacked of superstition, and so they discarded
the doctrine of transubstantiation, the use of images and relics, and the
veneration of the saints and the Virgin Mary. Protestants argued that tran-
substantiation was magic, because the Church believed that the words
“this is my body” brought about the transformation of the elements.18

Since, as we have seen, the alchemists were themselves making this com-
parison, the Protestants may have had a legitimate claim. Other rituals
were called into question as well. For example, the French Protestant
Pierre Viret ridiculed the way the Catholic clergy performed the Mass,
for which there were rules concerning the number of prayers based on
their correspondence to three (the Trinity), five (the wounds of Christ),
or seven (the sevenfold grace of the Godhead). He argued that this ap-
proach made the priests into “pythagoreans” using a magical art.19

It was not only the notion that rituals were magic but also the claim
that pagan texts had been inspired by God that created some unease.
Protestants were appalled at the concept of the prisca theologia and
turned back to the Bible in their varied attempts to restore the primi-
tive church. They saw Catholicism as imbued with pagan concepts. For
example, we might look at a sarcastic attack on the Catholic Church,
entitled The Bee-Hive of the Romish Church, by Philip van Marnix van
Saint Aldegonde. He explicitly ridiculed the Church for incorporating
pagan and Jewish or kabbalistic traditions. He stated, “the Church of
Rome hath gathered all these before named pieces together, and taken
out of them, what shee hath thought good, which are called . . . the tra-
ditions of the church of Rome, and the foundation of our beliefe.”20  He
argued that because the Church had taken this direction, its authority
ought no longer to be respected.

Another relevant feature of most Protestant theologians was a de-
sire to return to an Augustinian view of human nature, that is, an em-
phasis on human inability to avoid sin and on the necessity for God’s
grace and forgiveness. As we have seen, the Neoplatonists had envisioned
the world as one in which human souls could fly upward through their
own diligent study and pure morals. However, both Luther and Calvin
stressed the absolute impossibility of the human soul saving itself. Calvin
argued that to believe such a thing took sovereignty away from God, who
had the authority to condemn to heaven or hell. For their part, Christian
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Kabbalists, like Guillaume Postel (1510–1581), opposed Calvinist doc-
trines of grace. Postel produced a treatise explicitly attacking Calvin’s
notion of predestination. He argued that Calvin’s pessimistic view of
human nature and emphasis on sin was extremely harmful to a person’s
health and well-being.21  Postel believed that since humans were made
in God’s image, they were capable of distinguishing and of choosing be-
tween right and wrong.

It should be clear from this discussion that Protestant theologians
tackled the issue of boundary clarification head on. The Catholic Church
also made some attempts to redefine the boundaries. Its task was rather
more difficult, however, as it had to try to distinguish legitimate prac-
tices, such as that which effected the transformation of bread and wine
into flesh and blood, or made prayers to the saints efficacious, from de-
monic magic. This process did not occur immediately, however. While
the Renaissance philosophers were developing their theories, the popes
were relatively unconcerned about theological issues and governing the
Church and were more inclined to focus their energies on directing mili-
tary campaigns and enhancing their own prestige through art and pag-
eantry. Initially, then, there was little opposition from the Church to the
developments of the Renaissance Neoplatonists. In fact, Cardinal Egidio
da Viterbo possessed one of the largest collections of kabbalistic texts
in Italy and was commissioned by Pope Clement VII to publish his own
writings on the Kabbalah.22  This attitude would change only with the
pontificate of Paul IV (1555–1559), who opposed the syncretism of pa-
gan, Christian, and Jewish thought that had been more or less tacitly
accepted by his predecessors. The Council of Trent (1545–1563) tried
to establish some boundaries; for example, it decreed that there ought
to be some attempt to avoid popular superstitions involving the use of
images, the saints, and the Virgin Mary.23  Around this time, books of
magic were included in the Index of Prohibited Books.

By the late sixteenth century, the Catholic Church was even more
clearly evaluating its position on magic. The Jesuit theologian Martin
Del Rio (1551–1608) tried to distinguish good from bad magic in his trea-
tise Six Books of Inquiries into Magic, published in 1599. He differenti-
ated legitimate Catholic practices from superstitious ones. For example,
he examined the practice of wearing relics of the saints as amulets. He
permitted the wearing of amulets but was careful to point out that if they
had any effect, it was due to God’s supernatural power rather than to
any magic inherent in the object itself.24  He denied that words could
hold any magical power in themselves, yet he maintained that prayers
were still efficacious and that the words “this is my body” possessed a
supernatural force because God had decreed it.25

In spite of such attempts to clarify the issues, Catholicism would
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still be linked to magic for decades. The tradition established in the fif-
teenth century continued to receive some support. Jacques Gaffarel (1601–
1681) prefaced his book Unheard-of Curiosities, which is a catalogue of
magic, with this comment: “If thou thinke it strange, that a man of the
Church, as I am, should adventure on so bold, and daring a Subject, as
this seems to be, consider, I pray thee, that many of my Profession have
put forth things much more bold than these; and even such as have been
esteemed Dangerous too.”26  He then lists two full pages of individuals
who preceded him in the study of magic, to justify his work. Neverthe-
less, by the seventeenth century, the tide had turned and individuals
such as Gaffarel were swimming against it.

It may appear at this point that the story is relatively clear: magic
and religion were separated during the Reformation. However, the story
is not this straightforward, because of an issue raised earlier. How does
one retain a belief in God’s power to act in the world, yet remove the
temptation to appeal to the spiritual world and try to manipulate it? An
even greater risk in the sixteenth century than magic was atheism. “Athe-
ist” became a catchword tossed at one’s enemies, much as “communist”
was in the 1950s. Nevertheless, there were a few materialist philosophers
in the sixteenth century who argued that the immortality of the soul was
illusory and that the soul died with the body. In particular one might
think of the Italian philosopher Pietro Pomponazzi (1462–1525), who
denied God’s role in the world and attributed causation solely to natural
forces rather than supernatural ones.27  Taken to its extreme, this position
would invalidate the miracles of the Bible and erode the Christian faith
itself. To deny the existence of supernatural forces in the world was thus
to risk atheism. To reject magic completely could be seen in some way
as a rejection of the spiritual world and of the existence of God.

So it is premature to conclude that the separation of magic, religion,
and science was an easy process, and it would be a mistake to think
that during the Reformation anyone rejected notions of correspondence
between the spiritual and natural realms. We find that even Protestants
had to think through how they understood the distinctions. Those who
condemned magic usually still acknowledged the existence of some con-
formity between the stars and planets and human bodies.28  John Calvin
(1509–1564) wrote a treatise on astrology in which he pointed out that
doctors use astrology to help them in their treatment of patients, for ex-
ample, to know when to perform a bloodletting, which shows that “there
is a certain convenience [between] the starres or planets and the
disposition of mans body.”29  However, Calvin rejected the idea of judi-
cial astrology, that is, that the time of birth and the alignment of stars at
that time affect nature and temperament. His reasoning was that if this
were the case, it would interfere with God’s will.
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The notion of correspondences was similarly fuzzy. The Lutheran
theologian Philip Melanchthon (1497–1560) argued that there were “pre-
dictions” that were not magical, such as when a doctor checks a patient’s
pulse or when a sailor predicts the weather from the direction of the
wind. He defended this correlation as part of God’s creation: “There is
no doubt that such divinations have been permitted because they are
simply a consideration of the natural order, and should anyone main-
tain that this is not natural or that it is illusory, he would be offending
God with a manifest untruth.”30  Beyond this, he believed, there were
auguries based on demonic spirits that have no connection to the natu-
ral world. Such discussions were common in the sixteenth century. The
French philosopher Jean Bodin (1530–1596) objected to the use of the
Kabbalah not because it did not work but because he considered its magi-
cal effects to be of demonic origin.31  Even the German Protestant phy-
sician Johannes Weyer (1515/16–1588), one of the few who opposed the
belief in witchcraft, continued to believe in magical cures. What we find
in the sixteenth century, then, are continuing attempts to distinguish good
from demonic magic.32

So rather than finding people rejecting magic because it is not true,
we find that during the sixteenth century the argument was more likely
to be made that magic is dangerous because it is true. The solution to
determining the place of magic did not entail a rejection of the super-
natural but a more thorough demonizing of it. It is therefore not sur-
prising that throughout the sixteenth century we find a new genre of
literature, the demonologies, which were academic discussions of the
role of demons in the world.33  These works set out to demonstrate that
to believe in the power of the devil was central to the Christian faith.
The most infamous of these is one of the earliest, the Malleus Maleficarum
(Witches’ Hammer) written by Heinrich Kramer and Jakob Sprenger, two
Dominican friars, in 1486 as an inquisitorial manual useful for detect-
ing witches. They provide a “scientific” explanation for the way in which
devils can assume a human form: “The air which forms the devil’s as-
sumed body should be in some way inspissated [thickened], and ap-
proach the property of the earth, while still retaining its true property
as air. And devils and disembodied spirits can affect this condensation
by means of gross vapours raised from the earth, and by collecting them
together into shapes in which they abide.”34  Demonologies were pro-
duced throughout the sixteenth and early seventeenth centuries, such
as those written by Jean Bodin and King James I of England. Here too,
we find the demonologists working toward cataloguing and categoriz-
ing events and distinguishing between those caused by demonic forces
and those not so caused, much as their medieval predecessors had done.35

These works still assume that the spirits possess knowledge supe-
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rior to that of humans. This belief informs the investigations into de-
mon possession, of which there were many in early modern Europe, es-
pecially in France (for example, Laons in 1566, Aix-en-Provence in 1611,
Lille in 1613, and Loudun in 1633).36  Tests were devised to determine
whether someone was actually possessed by a demon or whether they
were suffering from a natural illness like epilepsy. If they demonstrated
knowledge they would normally not possess, for example, if they could
speak Greek or Hebrew, it was an indication that the devil was speak-
ing through them. The European witch trials, which reached their peak
around 1600, were a complex phenomenon with many causes. The pres-
ence of an extensive demonological literature was, however, an impor-
tant contributing factor.

This process of demonizing magic that occurred through the early
modern period meant that the Renaissance magicians would come to be
portrayed as black magicians. Bodin considered Agrippa to be the worst
sorcerer of his age.37  An obscure German scholar, George (or Johann)
Faust, would be immortalized by Christopher Marlowe in 1604 as Dr.
Faustus, a black magician who sold his soul to the devil in return for
knowledge and ended up in hell for his efforts.

Even though they were not subject to the Inquisition as vigorously
as women accused of witchcraft, magicians became increasingly notori-
ous. And certainly those who continued to hold magical opinions were
in danger. We might cite Tommaso Campanella (1568–1639), who was
imprisoned by the Inquisition, and Giordano Bruno (1548–1600), who
was burned at the stake in 1600. The English magus John Dee (1527–
1608), although favored by Queen Elizabeth, had his library vandalized
by a mob that perceived him to be a wizard.38  Earlier in the century,
the use of the Kabbalah in magic was considered a guarantee against de-
monic influence, but by the 1580s there are strong denunciations of the
Kabbalah on Catholic as well as Protestant sides.39  So the Renaissance
notion of the magus doing his work as a moral individual had, by the
seventeenth century, given way to the view of the magician who sells
his soul to the devil for the sake of power. It was a way of retaining belief
in the supernatural, but warning people away from interacting with it.

Scientists
Thus far, then, we have suggested that demonizing

magic was a way of guarding the Christian faith against the danger of
atheism and yet to redefine the boundaries between religion and magic.
There is, from this point on, another story to be told, the separation of
science from magic. This is a complex issue, and we will simply note a
few important developments that signal the eventual abandonment of a
belief in supernatural forces.
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One nail in the coffin of Renaissance magic came from the area of
critical textual analysis, resulting in the discrediting of the prisca
theologia early in the seventeenth century. Critical analysis revealed that
the texts beloved by the Renaissance Neoplatonists were in fact not as
ancient as they had thought. In 1614, Isaac Casaubon dated the Hermetic
texts as originating after the Christian era.40  One of his contemporaries,
the Jewish scholar Leon Modena, suspected that the Zohar, the most im-
portant kabbalistic text, had been written in the twelfth century. He ar-
gued, the reason for parallels with ancient texts was that it was written
later and was influenced by them.41  The similarities that had seemed
so remarkable to Ficino, Pico, and others were explained in the seven-
teenth century by the common origins and historic settings of the texts,
not by God’s divine revelation that had communicated eternal wisdom
at the time of Moses, as originally thought.

There were other, even more significant, developments. One of the
most important factors was the increasing reliance on empirical data.
As an example we might look at the person of Johannes Kepler (1571–
1630), whom physics students will remember as the author of the three
laws of planetary motion. Kepler was heavily influenced by Neoplatonic
ideas, and his astronomical studies reflected a desire to discern the har-
monies between planetary orbits, which he initially thought would re-
flect Plato’s five solid figures. His abandonment of circular orbits for
elliptical ones represents not only a rejection of the idea of the Aristo-
telian spheres, but also an indication that the search for harmony and
correspondence had to be mitigated by an examination of the available
evidence. In Kepler’s case, this was provided by the vast amounts of
empirical data available to him after the death of Tycho Brahe.

Moreover, by the middle of the seventeenth century, we start to see
a critical analysis of the correspondences that the Renaissance magicians
assumed to exist. A key figure in this context is the French scholar, priest,
and mathematician Marin Mersenne (1588–1648), known as a lifelong
friend of Descartes. His major work, the Quaestiones in Genesim, was
published in 1623 and has been described as one of the key works mark-
ing the transition out of Renaissance modes of magical thinking.42

Mersenne attacked both the “atheists” on one hand and the magicians
on the other. Mersenne’s desire to clarify the boundaries moved math-
ematics away from numerology.43  He suggested that one could always
find correspondences but that they had no basis in reality and were
merely products of one’s imagination.44  We see him beginning to articu-
late a view that suggests that harmonies and forces do exist but not in
the way that had been conceived. For example, he questioned one of
Ficino’s ideas, that music could draw down stellar influences and thus
affect the emotions. Mersenne’s response was “that any influences what-



M A G I C I A N S ,  R E F O R M E R S ,  A N D  S C I E N T I S T S 99

ever have been brought down from the stars by singing has been entirely
repudiated, for this or that song does not provoke us to sadness or hap-
piness because it is performed under this or that star, as is indicated by
the fact that the same song has the same power when heard under various
stars, as experience will confirm.”45  What we see here is that Mersenne
is testing Ficino’s hypotheses and rejecting them. He similarly discred-
ited the connections between planets and metals by showing that the
comparisons do not bear up to critical analysis.

Of even more profound significance, however, is the redefinition of
“occult” forces as hidden forces, but not necessarily supernatural ones.
Descartes (1596–1650) followed a discussion of the magnet with this state-
ment: “There are no qualities that are so occult, no effects of sympathy
or antipathy so marvelous or so strange, . . . that its reason cannot be given
by [the principles of the mechanical philosophy].”46  In other words, just
because something is hidden does not mean that it is inaccessible through
study. This point is made explicitly by one of Descartes’s contemporar-
ies, Walter Charleton (1619–1707), who pointed out that to say a quality
is occult is not to explain it. He believed it was the hidden forces in
nature that must be the object of science.47  In other words, hidden forces
are not necessarily supernatural simply because they are not apparent.48

It is not accidental, of course, that this intellectual shift paralleled the
technological development of exactly those kinds of instruments that
would extend human capabilities beyond the level of normal sense per-
ception: the telescope and the microscope. As we will see in the next
chapter, scientists are now using new equipment to try to measure phe-
nomena like the effects of prayer.

Finally, what was beginning to change by the seventeenth century
was not so much the knowledge base, but the attitude toward knowl-
edge. Francis Bacon (1561–1626) outlined the goals of science thus: “The
end of our foundation is the knowledge of causes and the secret motion
of things, and the enlarging of the bounds of human empire, to the ef-
fecting of all things possible.”49  Implied here is that the causes of things
can be discovered. The implications of this belief are powerful. It means
that if a physician does not know what causes an illness, it need not be
relegated to the presence of demons. It may simply mean that the cause
has not yet been discovered. Such an insight was profound and was a
contributing factor to halting the persecution of individuals for the crime
of witchcraft.

The Dilemma Continues
The purpose of this chapter has been to illustrate the

transformation of the view of reality from a magical to a naturalistic one.
The journey from scholastic thought to the Scientific Revolution uncov-
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ered some of the dilemmas scholars faced at various points along the
way. Specifically, we saw the necessarily thin boundaries between a theistic
worldview and one where magic is possible. We would like to conclude
with a quotation from the Internet version of the Catholic Encyclope-
dia. The article on necromancy contains the following comment: “The
Church does not deny that, with a special permission of God, the souls
of the departed may appear to the living, and even manifest things un-
known to the latter. But, understood as the art or science of evoking the
dead, necromancy is held by theologians to be due to the agency of evil
spirits, for the means taken are inadequate to produce the expected re-
sults.”50  Of course it is not surprising that the Church would consider
necromancy to be demonic. What is surprising is that even today we
see a dilemma caused by belief in the spiritual realm that results in a
cautionary approach to dealing with it. Unless one is a pure material-
ist, there are difficulties that must be dealt with during any age.

For the most part, people today acknowledge that the world oper-
ates on the basis of physical principles. But we still call on religion to
fill in the explanations when no others are adequate. What is worth think-
ing about are our own categories of causation. Since the Scientific Revo-
lution, scientists have looked at causation in physical terms, and occult
forces lost their supernatural element. However, the popular revival of
interest in areas like astrology, the Kabbalah, and spiritualism suggests
that the scientific explanations still fail us periodically. And, as we will
see in the following chapter, we are still often puzzled by issues of cau-
sation and resort to magical ways of thinking when no others satisfy us.



   

As If by Magic
Physician, heal thyself.

—Luke 4:23
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We have seen that prior to the Scientific Revolution,
magic, religion, technology, and science were closely

intertwined and separating them was the work of many decades of in-
tellectual effort and debate. However, this process was never complete
nor was it systematic. As suggested at the end of chapter 5, for indi-
viduals who believe in some form of spiritual realm, important issues
are raised regarding causation. In this chapter we will explore further
some of the relationships between religion, science, and medicine by
examining two phenomena that have been receiving a great deal of at-
tention over the past decade or so, namely, AIDS and the healing power
of prayer. The AIDS epidemic is an important social phenomenon for
many reasons. Not only is it threatening the lives of millions of people
around the world, it appears to have come out of nowhere, as if by magic.
As we will see, among the several theories that have been proposed to
explain the origin of this epidemic, some are based on the notion that
AIDS is the result of divine retribution or even the arrival on Earth of
alien organisms. Similarly, evidence is mounting in support of the healing
power of prayer, as public faith in traditional medicine declines and the
members of the medical establishment, both researchers and caregivers,
are becoming more open to studying and using prayer as a treatment.

Our current understanding of both AIDS and the healing power
of prayer rely far more on aspects of magical causation than we per-
haps realize or are willing to admit. Consequently, before looking more
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directly at these phenomena, we have to first explain causation in general
terms and then discuss specifically what we mean by magical causation.

Magical Causation
The word magic, like the words religion and science,

is used extensively in popular and scholarly literature, and yet it defies
precise definition. One (though not the only) important element of the
various conceptions of magic, however, appears to be the assertion of a
causal relationship between phenomena where evidence for that rela-
tionship does not exist.1  In other words, the existence of a causal mecha-
nism is taken for granted rather than being based on any kind of empirical
verification. To take an anthropological example, there are tribes that
dance in order to bring rain. If after the dancing the rain comes, then
the dancing is said to have caused the rain. If, on the other hand, after
the dancing it does not rain, the members of the tribe are unlikely to
abandon their explanation. Rather, they might suggest they made a mis-
take in the dance or one of the dancers did not properly prepare for the
dance. So, even though there is no evidence that dancing brings rain,
people are more likely to look to their own inadequacies than they are
to suggest that the explanation is wrong. Anthropological and histori-
cal data from many cultures suggest that in most instances an explana-
tion based on magic (lack of evidence) is better than no explanation at
all and that explanatory mechanisms, and the systems of meaning they
are based on, are essential to the maintenance of social order.2  To the
extent that religion and science rely upon causal explanations in the ab-
sence of empirical evidence, we suggest that they are employing magi-
cal causation.

Our interest in magic in this chapter is functional rather than sub-
stantive or symbolic. In other words, we are concerned with what magic
can do for us, what role it plays in society. In particular, we will look at
how magic functions to provide causal explanations. While the practices
associated with magic differ among cultural groups, magic performs three
functions that are fairly similar. First, as Rodney Coe indicates, “magic
serves to allay anxieties about the unknown.” Whenever you whistle
while walking alone down a dark street or sit at your favorite desk when
writing an examination, you are using magic. Second, “magic is exten-
sively used in combating disease and illness.” Coe explains that in many
instances magic is used to explain why someone gets sick, and so it makes
sense that magic would be used to explain how someone was cured. For
example, there are untold numbers of cases of so-called miracle cures
that leave physicians scratching their heads. Third, “magico-religious
beliefs and practices act as agents of social control.”3  In other words, they
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provide an orderly system within which people come to understand their
roles and responsibilities as members of society and through which they
come to define the objects they encounter in their daily lives. Within
the context of medicine, not only is the relationship between the pa-
tient and the caregiver subject to this ordering process, the whole idea
of what it means to have a cold or have cancer is determined within
these systems of meaning. The term magico-scientific would also be rel-
evant here. Both religion and science contain elements of magic and yet,
as we will see, society tends to view scientific beliefs and practices as
more legitimate than religious ones.

This raises the question of what constitutes legitimate authority. In
the case of religion, legitimacy is likely to stem from belief in a supreme
being, while in the case of science it is the objectivity and rigor of the
so-called scientific method that provides the authority. Max Weber hy-
pothesized that authority has its basis in one of three possible sources:
charisma, tradition, or legal-rational structures. With charismatic indi-
viduals, it is their personal presence, their ability to draw people to them
that forms the basis for their authority. Political figures like Adolf Hitler
or John F. Kennedy, religious leaders like Billy Graham or Jimmy Swag-
gart, and outstanding scientists like Carl Sagan or Stephen Hawking are
able to exert tremendous influence over their audiences. In many ways
the exact content of their messages is secondary to their ability to con-
vince people to accept what they say. Alternatively, the social aversion
to almost any kind of change forms the basis for the authority vested in
tradition. When presented with a challenge, too often groups revert to
tried-and-true ways of doing things, not because those ways are neces-
sarily the most effective but because they are the ways things have al-
ways been done. The reluctance of many church members to change any
aspect of their Sunday morning ritual is a familiar example. Legal and
rational bases for authority share the characteristic in that they appear
to be objective and codified, and therefore immune from the subjective
whims of a potentially dangerous individual or the folly of mob rule.
Religion presents us with rules for behavior and lists of acceptable be-
liefs and practices, and so does science. It is often argued, however, that
religious ideals must be accepted on faith, while scientific ideals are
empirically testable. As we saw in chapter 1, this distinction is open to
question.

When their authority is threatened, scientists frequently pose two
sorts of questions to their challengers. They will often ask why humans
trust airplanes to deliver them unharmed to their destinations, imply-
ing that we have faith in scientific principles. In response, Steve Fuller
suggests that people are more likely to put their faith in a complex social
network of engineers, mechanics, schedulers, pilots, and so on, who work
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together to ensure safe air travel, than they are to rely on the science of
aerodynamics.4  In fact, the history of flight is much more a testament
to the ingenuity and creativity of skilled and daring tinkerers than to
the power of scientific knowledge. A second sort of question scientists
often ask is why humans would recoil from the prospect of walking out
of the windows in skyscrapers if they didn’t believe in gravity. Simply
put, you do not need to know anything about gravity to understand from
practical experience that you will fall to your death. For millennia be-
fore Isaac Newton’s observation of the proverbial apple falling from a
tree, people were just as subject to the force of gravity as we are today.
No amount (or lack) of scientific understanding of Newton’s laws of mo-
tion alters the ability of individuals to get on with their daily lives.

In attempting to determine what it is that scientists are trying to say
with these two questions, we can interpret the first line of reasoning as
an example of how science claims to have helped us exceed our natu-
ral limitations. Science produces technology. By this argument the sci-
entific establishment justifies the extremely large amounts of public and
private money spent on research, on the basis that the resultant increases
in scientific knowledge will provide tangible benefits for people every-
where. It is also an example of what Fuller calls “methodological ven-
triloquism,” whereby scientists project their explanations onto various
phenomena and onto the public.5  In other words, as part of the legiti-
mating process, scientists recast everything into the language and meaning
systems of science. Similarly, the second question demonstrates the sci-
entific claim of being able to explain our natural limitations by rational
means. Fuller points out that scientists are hostile to what they call “in-
tellectual recidivism,” whereby commonsense explanations are substi-
tuted for more sophisticated scientific explanations. We might interpret
this to mean that where there is more than one possible explanation of
a phenomenon, the most scientific explanation is to be preferred. From
this standpoint, while a small child may learn by painful experience that
stepping off a raised surface can result in an assortment of nasty bumps
and bruises, scientists seem to suggest the incident will take on real sig-
nificance only when the child learns that bodies fall to earth at 9.8 meters
per second squared.

Accepting for a moment the purported rationality and objectivity of
the scientific enterprise, let us take a closer look at the notion of cau-
sality. Generally, causation is predicated on three criteria. The first is
the idea of temporal order, whereby the cause must precede the effect.
Second, the cause and effect must be correlated, or statistically associ-
ated, such that a change in the cause will lead to a proportional change
in the effect. Finally, the relationship between the cause and effect must
be nonspurious, that is, the relationship must be actual and not just ap-
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parent. For example, when the number of births shows a sudden increase
nine months after a power blackout, it is spurious to suggest that it was
the lack of electricity itself that resulted in a large number of pregnan-
cies. Take the example of a bacterial infection. In order to establish with
certainty that bacterium X causes disease Y, it is necessary to show that
the sufferer was exposed to the bacteria prior to becoming sick, that signs
of disease, such as fever, are related to the concentration of the organ-
ism in the blood, and that the signs being displayed by the sufferer were
not caused by something else. This final criterion is often verified by
testing whether the isolated bacteria will cause the same disease in oth-
ers. In most cases a laboratory model of the disease is used for verifica-
tion rather than a human “guinea pig,” but not always. In 1995, renowned
virologist Peter Duesberg volunteered to inject himself with HIV to sup-
port his contention that the human immunodeficiency virus does not
cause AIDS.6  Similarly, as we saw in chapter 3, Barry Marshall ingested
bacteria to prove they cause stomach ulcers.

Beyond these three criteria for establishing a causal relationship, we
must also recognize the difference between necessary and sufficient
causes and the difference between proximate and distal causes. A nec-
essary cause is one that must exist in order for a certain effect to take
place. So, for example, oxygen is necessary for a fire to burn. Similarly,
male and female gametes are both necessary for sexual reproduction to
take place. However, neither of these alone is sufficient. A sufficient cause
is one that acts on its own, requiring no assistance to produce an effect.
Many religious belief systems hold that God is a necessary and suffi-
cient cause of the universe. A proximate cause is one that is closer in
time to the effect than a distal cause that may have existed, say, since
birth. Thus, particular individuals may be genetically predisposed to
certain diseases, and yet these may only manifest themselves at some
point later in life as the result of exposure to certain environmental fac-
tors. Similarly, a patient may be admitted to the hospital for some ail-
ment and while staying in the hospital may develop a fatal case of
pneumonia. While pneumonia would be considered the proximate cause
of death, the original ailment for which the person was admitted would
be the distal cause.

In the case of AIDS, infection with HIV may be necessary but not
sufficient to cause the appearance of this syndrome. In fact there may
be a more distal cause, something that leads to the suppression of the
human immune system that provides fertile ground for HIV to thrive.
Precedent for this idea can be found in tuberculosis, for instance. Poor
nutrition and overcrowding due to poverty proved as important to the
development of TB as was the tubercle bacillus.7  Similarly, prayer may
be neither necessary nor sufficient to cause a cure of some disease or



106 W E B S  O F  R E A L I T Y

other. In this sense, prayer would be a spurious variable in the treat-
ment regimen. The fact that people who are prayed for get well, just like
the fact that people who have AIDS prove positive on tests for HIV an-
tibodies, demonstrates the principle that correlation is not causation.

By way of summary, then, we are using the notion of magical causa-
tion to characterize those instances where a causal relationship is as-
sumed to exist even in the absence of valid and reliable empirical
evidence to support the various criteria set out to demonstrate causal-
ity. However, there are bound to be instances where one or more of the
criteria appear to be satisfied and, based on the propensity of evidence,
people jump to the conclusion that the “cause” has been found. In our
view, the decision in such cases would still constitute an invocation of
magic.

HIV and AIDS
In his opening speech to the twelve thousand del-

egates at the Thirteenth International AIDS Conference in Durban, South
Africa, Thabo Mbecki, the president of the host country, indicated that
he found it difficult to believe that the problems millions of Africans
have with their immune systems could be blamed on one single virus,
namely, HIV. Mbecki pointed to the poverty of Africa as the single most
significant determinant of the health of the people of that continent. It
is important to emphasize that Mbecki was not saying that HIV does not
cause AIDS but that a considerable level of uncertainty exists in the sci-
entific community about whether HIV alone is a necessary and suffi-
cient cause of AIDS. At the same time, he drew attention to the fact that,
at least in Africa, the socioeconomic status of the people may be a criti-
cal element in the causal chain, no matter how remote (distal) from the
epidemic, or spurious, it may be.

It is difficult to deny the power of AIDS (acquired immune deficiency
syndrome) to incite panic, cause governments to spend billions of dol-
lars on research and care, and cause moralists to rail against everything
from drug abuse to indiscriminant sex to homosexuality. It is not very
difficult to see why this is the case. In her book Illness as Metaphor,
Susan Sontag writes, “nothing is more punitive than to give a disease a
meaning—that meaning being invariably a moralistic one. Any impor-
tant disease whose causality is murky, and for which treatment is inef-
fectual, tends to be awash in significance.”8  Before the term AIDS came
into use, this seemingly new medical phenomenon was referred to as
GRID (gay-related immune disease), in recognition that its first sufferers
in the United States were homosexual males. Soon afterward, it was rec-
ognized that a certain set of social groups was at high risk of contracting
the disease, namely, hemophiliacs, homosexuals, Haitians, and heroin-
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users (the four Hs). Membership in one of these groups was viewed as a
distal cause of AIDS, predisposing certain individuals to HIV infection.
Curiously, a few years later, when health officials and researchers be-
came aware of the staggering number of people suffering from AIDS in
Africa, the search for the cause and a cure still tended to focus on the
American experience. In a very real sense, the level of attention focused
on AIDS reflected a broader concern with being able to differentiate be-
tween social groups. AIDS was something they had and we did not want.
The sociopolitical activity around the epidemic masked the fact that we
actually know very little about AIDS from a medical point of view, and
this is perhaps most obvious when we look at explanations for the source
of AIDS.

In his encyclopedic examination of the origin of the AIDS epidemic,
Edward Hooper describes the five major categories of theories that have
been put forward to explain the source of this new disease.9  While a
series of papers in 1995 finally contained a convincing demonstration
of the link between HIV and AIDS, no adequate theory yet exists to ex-
plain how AIDS originated and erupted into an epidemic in Africa and
elsewhere in the early 1980s. Three of the theory categories character-
ize AIDS as a recent phenomenon, and Hooper refers to these as “the
heavenly, the malevolent human, and the unwitting human” models. The
fourth category, which we will call the archaeological, contains theo-
ries that assume that AIDS-related disease has existed for centuries or
longer and has merely been unrecognized as such. The fifth category of
theories, which we will call the socially constructed, posits AIDS as a
“creation of semantics,” a sort of neologism for a cluster of existing con-
ditions lumped together to serve some sociopolitical end. Of course, as
Sontag might suggest, AIDS is more than a name, it is a moral judgment
and a social force of immense magnitude.

In the “heavenly” category, two major theories exist. The first is the
“scourge of God” theory in which AIDS is seen as divine retribution for
a licentious lifestyle associated with homosexuality, sexual promiscu-
ity, and drug addiction. Not only does this theory have strong moralis-
tic overtones (not to mention little if any scientific merit), it is extremely
difficult to sustain when applied to newborns with congenital AIDS, re-
cipients of blood transfusions, and the unsuspecting monogamous fe-
male partners of men who engage in indiscriminate recreational sex. Of
all the theories of origin, this one is the most literally religious in nature,
and consequently it is the most difficult to disprove. The second theory
is the celestial origin theory, which suggests that a number of extrater-
restrial viruses, including HIV, might have come to earth as debris from
the tail of a passing comet. This theory gives the impression of scientific
merit, but the fact that something sounds scientific and is in the realm
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of possibility is a far cry from demonstrating correlation, let alone cau-
sation. Notwithstanding this cautionary note, some world-renowned sci-
entists, including astronomer Fred Hoyle, think that this theory is
plausible.

The “malevolent human” category might be thought of as the “con-
spiracy theory” category. Theories in this group include accusations that
the CIA has on several occasions developed and tested biological weapons
on an unsuspecting public, at home and abroad. On a more global level,
the Russians and the Americans have been taking turns accusing each
other of coming up with something devastating during the cold war years
that is now out of control. The basis for these theories is the Hobbesian
view that conflict and war reflect the natural state of the human spe-
cies and that in the ever-escalating effort to destroy others, we often end
up destroying ourselves. These theories also tend to demonize science,
in that they support the allegation that groups of exceptional scientists
are secretly employed by governments to work on leading-edge (and seem-
ingly diabolical) research projects.

The “unwitting human” category might also be called the “unin-
tended consequences” category, because AIDS may in fact be the un-
intended consequence of another otherwise benign or even beneficial
development. Specifically, HIV could have been carried along with a
variety of vaccines that were administered in large numbers in the 1950s
in Africa and elsewhere in an effort to eradicate malaria, polio, small-
pox, and other epidemic diseases. This is in fact the theory that Hooper
supports in his book.10  These theories are based on a conception of hu-
man ignorance rather than malevolence, as if to say that what you don’t
know may hurt you. In this sense, they constitute a warning against the
uncontrolled proliferation of scientific, and especially medical, experi-
mentation. Not only does such a position pose a threat to the further
funding of medical research, but also it gives rise to a number of ethical
issues around what limits should be placed on human intervention in
the natural world. Recent controversies over experiments in cloning and
the genetic modification of foodstuffs come to mind.

The theories in all three of these categories are based on recent events,
and so, even if they had some validity, they may be reflecting only the
proximate and not the more distal cause of the epidemic. They also re-
flect the notion of magical causation inasmuch as they provide an ex-
planation in the absence of supporting empirical evidence. However,
rather than acknowledging and accepting the fact that we do not know,
various interest groups construct theories that fit their view of the world.
So, for example, from the viewpoint of science, it may be suggested that
we just do not know yet. Alternatively, from a religious perspective, it
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might be suggested that we might never know. Either way, for the present
at least, with many of these theories, there is no adequate way to put
them to the test.

Theories in the fourth category view AIDS as an older condition that
has just recently been recognized. In support of these ideas is the dis-
covery that HIV–1 and HIV–2 are closely related to two simian immu-
nodeficiency viruses (SIVs) that are found in certain nonhuman primates,
namely SIVcpz and SIVsm, which infect chimpanzees and sooty manga-
beys, respectively. So, at some point, it is argued, these viruses jumped
across the species barrier and entered humans. Viruses have the ability
to mutate very rapidly, and we now recognize several different strains
of HIV that display a broad spectrum of virulence and ease of transmis-
sion. While theories in this category may explain the evolution of HIV,
they do not tell us very much, if anything, about AIDS as a disease and
as an epidemic. For many years, the media and the medical establish-
ment have talked about the search for a cure for cancer. Critics are quick
to point out that the use of the word cancer disguises the fact that there
are several varieties of cancers with vastly different characteristics. As
more research is carried out on HIV and AIDS, we are coming to realize
that there are many HIVs and that AIDS, like cancer, is a collective term
for a complex and ever-changing phenomenon.

The final category of theories contains those that call into question
the very notion that HIV causes AIDS. Peter Duesberg has been the leading
proponent of this line of reasoning. This formerly well-respected mem-
ber of the National Academy of Sciences, who once held a $350,000 per
year grant and who is credited with the discovery of oncogenes (genes
that cause cancer), has argued that there is no scientific basis for the
claim that HIV causes AIDS. Duesberg argues instead that HIV is just
one of a number of opportunistic organisms that take advantage of a sup-
pressed immune system brought on by long-term recreational drug use
and exacerbated by having indiscriminate sex with multiple partners.11

Kary Mullis, who won the Nobel Prize in chemistry in 1993 for his
invention of PCR (polymerase chain reaction), also argues that there is
insufficient evidence to support the HIV theory of AIDS. Mullis suggests
that the decision to put the HIV hypothesis forward was to provide a
legitimate framework for government spending on AIDS research, even
in the absence of concrete scientific justification for such a hypothesis.
As he says: “Years from now, people looking back at us will find our
acceptance of the HIV theory of AIDS as silly as we find the leaders who
excommunicated Galileo.” As Mullis goes on to observe, the important
question we are left with is, “If HIV isn’t the cause of AIDS, then what
is?”12  In the face of uncertainty, combined perhaps with the fear of under-
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mining their own livelihood, scientists appear more willing to take the
position that an inadequate explanation is better than no explanation at
all.

As we have observed, one major problem with these categories of
theories of origin is that none of them provides an explanation for how
AIDS burst onto the scene in about 1980. Starting with a few isolated
cases as early as 1959, the exponential growth of the epidemic over the
last twenty years has been astounding. It is estimated that by early 2001,
thirty-six million people worldwide were living with AIDS, two-thirds
of which in sub-Saharan Africa, and more than twenty million have al-
ready died.13  It seems ludicrous that at this point in our history, in the
presence of such a global phenomenon, we are still left floundering for
an explanation of a crisis of such proportions. As ludicrous as it may
sound, in response to questions regarding how AIDS came about, we
are still left shrugging our shoulders and observing that it is as if by magic.

For centuries, the leadership of church and state worked together
to protect their own interests, partly by creating and enforcing moral
codes and authority structures designed to circumscribe the thoughts and
activities of the majority of the population. We are often schooled to be-
lieve that the Enlightenment and the industrial revolution brought an
end to this sort of arrangement. For at least the last one hundred years,
however, democratic governments have worked with leaders of high-
technology and science-based industry to provide their own codes of be-
havior and systems of meaning for the citizens of the world. The
conspicuous consumption of durable goods has replaced tithing as the
mechanism to ensure that the power structure is maintained. The HIV
theory of AIDS provides not only the theoretical grounding for a mas-
sive scientific research network, particularly in Western capitalist coun-
tries, but also a mechanism through which the systematic discrimination
and exploitation of underdeveloped, and racially different, nations can
take place. We believe that this is one of the points that Thabo Mbecki
was trying to make.

The Healing Power of Prayer
In 1988, Randolph Byrd published the results of a

randomized, controlled, double-blind experiment in which certain pa-
tients recovering from heart attacks were prayed for while another group
was not.14  Those in the prayed-for group required fewer antibiotics, were
less likely to develop pneumonia, and had fewer cases of congestive heart
failure. This highly publicized study marks the point at which the healing
power of prayer leaped into the public consciousness. Of course, prayer
has been used in healing for millennia, but now science was getting in
on the game, and somehow that made prayer a more legitimate subject
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of discussion. Over the last decade, a large number of articles and books
on the subject have appeared. For example, a quick search at amazon.com
yields a list of seventy-four titles that contain the words “healing” and
“prayer.” However, like AIDS, the healing power of prayer is a highly
controversial issue.

The source of the controversy is that relating prayer to healing trans-
gresses the boundary between religion and science, which poses a par-
ticular threat to established medical science. In this regard, we could
recast Sontag’s comment on disease to read that any treatment whose
mechanism of action is unknown, and for which specific diseases are
unspecified, will tend to be awash in significance. Religion, because of
its link to the supernatural, is by its nature inexact and mysterious. Sci-
ence, on the other hand, is held up as the very epitome of exactness
and clarity. For people to retain their faith in medical practice, medi-
cine must be based in science not religion. As Cohen and colleagues state:
“From the standpoint of modern scientific medicine, no treatment should
be employed without evidence of its effectiveness and safety.”15  Prayer
does not lend itself readily to this kind of evaluation.

Many scientists reject prayer-based healing. Larry Dossey, follow-
ing the work of Daniel J. Benor, discusses potential reasons why.16  For
present purposes, we can group the objections into three categories that
roughly correspond to religion, science, and magic. Let us examine each
of these in some depth. First, in the religion category, scientists argue
that the healing prayer is often specific to one religion or another. So,
for example, in his study of patients in a coronary care unit, Byrd con-
cludes that prayer to the Judeo-Christian God had positive effects. What
if certain patients, or those praying, had been Muslims or Buddhists? Is
it the act of praying or the specific religious context within which the
praying takes place that does the healing? One implication here is that
the faith of the person praying or of the person being prayed for might
have some part to play in the healing process. However, we must be care-
ful not to confuse the issue. If prayer heals, it does not prove the su-
premacy of one religion over another or of religion over science. For
example, Cohen and colleagues cite a passage from C. S. Lewis wherein
he comments that the successful use of prayer in healing does nothing
to demonstrate the truth of Christianity. Rather it proves “something more
like magic—a power in certain human beings to control, or compel, the
course of nature.”17

Similarly, some scientists view healing through prayer as associated
with mysticism. The reason they find this association objectionable is
that the mystical realm is often viewed as irrational (or at least non-
rational), and therefore antithetical to the logical and objective work-
ings of science. Also, mysticism implies mystery and thus provides an
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opening for appeals to the unknown, and perhaps unknowable, that may
include appeals to the supernatural. It may also point to the limits of
scientific exploration as opposed to the limits of scientific knowledge.
These things are very different indeed. In many situations, scientists argue
that given enough time and money they will be able to understand some
particular phenomenon. We must recognize that when we accept that
something is truly mysterious, we are acknowledging that it is literally
beyond our grasp.

Second, in the science category, four objections to healing through
prayer are commonly raised. The first, and strongest, objection is that
healing phenomena cannot be replicated. In other words, there is no way
to demonstrate in the laboratory through experiments that prayer heals.
There are several aspects to this. Part of the problem is that prayer as a
form of therapy is nonspecific. It can be used to treat any disease con-
dition. As a consequence, it is difficult to demonstrate that prayer is ei-
ther necessary or sufficient to bring about a cure. At the same time,
however, prayer may be viewed as the proximate cause of healing, on a
personal or a social level. Even when someone has been receiving treat-
ment or medication for an extended period, if that person thinks that
the prayers recently offered on their behalf precipitated a cure then on
a personal level prayer is part of the causal chain. Similarly, if a par-
ticular group of people have faith in the healing power of prayer, then
no amount of scientific evidence for or against their position is likely
to alter their view.

In an effort to bring studies of healing prayer more closely in line
with the demands of science, Herbert Benson has argued that prayer,
like meditation and some other so-called alternative therapies, works
through a mechanism he calls the “relaxation response.”18  Lowering the
blood pressure, slowing the heart rate, and lowering the metabolic rate
strengthens the immune system. The details of the physiology behind
this response are complex and poorly understood, but it does lend it-
self to scientific examination. As a case in point, the emerging field of
psychoneuroimmunology is devoted to studying the interactions between
thought processes, the brain, the central nervous system, and the im-
mune system.19  While this new field represents a more holistic and in-
terdisciplinary approach to medicine, it appears to be firmly rooted in
the scientific paradigm. Others might argue that a term like psychoneuro-
immunology is just another word for magic.

Alternatively, the healing power of prayer can be viewed as an ex-
ample of the placebo effect, whereby healing takes place based on the
belief that some treatment that can otherwise be shown to have no me-
dicinal value has worked. Coe indicates that “placebos are magic in mod-
ern dress.”20  In many ways the placebo effect merely demonstrates that
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we just do not know how healing takes place, and that we can often trick
ourselves into letting nature, or perhaps the supernatural, take its course.
Coe goes on to explain, for example, that there are a large number of
common illnesses from which a person would recover even in the ab-
sence of treatment altogether. Furthermore, treatments that match cul-
tural expectations can be very effective. If a patient expects to be given
pills, even when none are warranted, the physician can prescribe sugar
pills, and the very act of following the medical model seems to facili-
tate the healing process. From this perspective it could be argued that
if the patient feels that prayer is helpful, then why should physicians
object to its use? As Christina Hughes suggests, it is irrelevant whether
it is a placebo or something else.21  From a holistic perspective, as long
as it helps the patient, medical caregivers should be supportive.

A second scientific objection to the use of prayer is that modern
medicine is materialistic, relying on such techniques as surgery, radia-
tion therapy, and drug treatment to cure patients. Many of these tech-
niques are invasive and often do collateral damage to the patient, but
they are tangible. In a recent book that purports to take a scientific ap-
proach to explaining how prayer heals, Walter Weston reports that people
have the ability to emit an eight-hertz electromagnetic signal that is the
physical correlate of the healing power of prayer.22  Anyone familiar with
basic brain function will recognize this frequency (eight cycles per sec-
ond) as that of alpha waves, which are typical of people in a deeply re-
laxed or passive state. Elsewhere, however, Weston indicates that the
frequency given off by spiritual healers is eight megahertz, or eight mil-
lion cycles per second. Even those with a rudimentary knowledge of
physics will know that such frequencies are in the microwave realm and
are thus quite capable of disrupting cell integrity and cooking popcorn.
While Weston’s book is full of scientific language and contains summa-
ries of several studies, no citations are provided. Unfortunately, the sort
of sloppy scholarship, not to mention sloppy manuscript editing, that
this book represents is more likely to hinder rather than to help estab-
lish the acceptance by members of the scientific community of the healing
power of prayer.

The third objection in the science category makes two quite similar
arguments, in that they concern the beliefs and thought system of mod-
ern science, rather than its practices and methods. First, there is the is-
sue of cognitive dissonance that comes about when the things that we
see or experience do not match our beliefs. The easiest and most com-
forting response to such situations is to reject them out of hand. In other
words, to accept that prayer heals would require a new way of viewing
the world, one that is inconsistent with the scientific method, and so
scientists choose not to believe. Second, the laws of healing appear to
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be different from those of other sciences. This objection can be interpreted
as an example of the reductionism that characterizes the natural sciences.
According to this view, at a fundamental level, all natural phenomena
follow the same set of rules. If prayer heals, we should be able to write
an equation that not only explains the mechanism of healing but also
allows us to predict what will happen in any particular application of
prayer. Another way to think of this issue is to try to imagine what a
standard dose of prayer might be. What unit of measurement would be
appropriate, and what kind of apparatus could be used to measure it?
Both of these objections easily lead to the conclusion that, from a sci-
entific perspective, prayer is unnatural and therefore outside the pur-
view of science. People can believe what they will about the healing
process, but scientists will continue on their quest for explanations con-
sistent with their own beliefs.

The fourth objection in the science category has to do with the fact
that careers and financial security are at stake. Billions of dollars are
regularly pumped into medical research and into equipping hospitals
with the latest technologies for diagnosis and treatment. Even if there
is substantial merit in the healing power of prayer, there is a great deal
of inertia in the medical establishment to overcome before significant
resources will be allocated to studying it or to using it in a clinical set-
ting. The instinct for self-preservation is very strong among professional
groups, and compelling reasons must exist in order to induce change in
the existing social order. Similarly, the multinational pharmaceutical
conglomerates that control the entire process from lab research and clini-
cal trials to the production and distribution of drugs are unlikely to give
credence, let alone actual support, to something that would place heal-
ing resources in the hands of independent individuals.

In the third category, magic, we have put together those objections
that appear to us to be, in some ways, the least rational. First among
these is the truism that we are all resistant to change. Unfortunately this
is very much a throwaway argument that has little explanatory power
and serves only to reinforce the perception that scientists’ faith in their
enterprise is far more tenuous than they might perhaps care to admit. A
second objection is that prayer-based healing may be beyond conscious
control. If that is the case, then it has the potential to disrupt social or-
der by introducing random and unpredictable elements into medical prac-
tice. Magic is used to preserve order and the status quo.

The next three objections in the magic category are similar in that
they involve aspects of stigma and witchcraft. The arguments go
something like this. If some people have the power to heal through prayer,
then we may come to fear those people, lest they somehow turn their
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power against us. If someone can cure disease, does that person perhaps
have the power to cause it? Similarly, if we have the power ourselves,
we may come to fear our own ability to restrict the application of those
powers to beneficial ends. Could we lose control? Finally, people who
possess the power to heal may be seen as odd or unacceptable. As a re-
sult they may be shunned by society and subjected to all manner of ridi-
cule, suspicion, and derision.

Notwithstanding all these objections, studies of prayer are breaking
boundaries between religion and science and raising questions crucial
to our understanding of causation. Dossey reports that several studies
have found that prayer can impact nonhuman organisms.23  Groups of
randomly selected individuals have been able to retard or increase the
growth of various molds and bacteria. In one instance separate colonies
of E. coli were influenced to mutate in specific ways. In all of these cases,
it is impossible to invoke the placebo effect or to expect that the emerg-
ing research program in psychoneuroimmunology will help. There must
be something more to prayer than can be explained simply in terms of
human physiology.

In spite of several studies that clearly demonstrate the healing power
of prayer, the fact that the mechanism through which prayer works to
heal is still unknown means, as a therapy, it is relegated by the medical
establishment to the realm of magic. In the preface to Healing Words,
Dossey states: “A body of knowledge that does not fit with prevailing
ideas can be ignored as if it does not exist, no matter how scientifically
valid it may be.”24  Curiously, even though magical causation is employed
positively in trying to explain AIDS, when it comes to prayer, magical
causation is used negatively. In other words, it would appear that when
magic is used to support science it is okay, but when it is used to sup-
port religion it is not. Part of the reason for this contradiction might have
to do with the perceived benefits of science and technology. In the ab-
sence of thorough explanations, we are willing to accept a certain amount
of rhetoric and sleight-of-hand from the scientific establishment because
we observe multiple benefits from what it has accomplished to date.
However, it appears that we are much less willing than we might have
been in the past to extend this same consideration to religion.

Religion and Science
To suggest that HIV does not cause AIDS and that

prayer does cause healing threatens the medical establishment and, by
extension, the scientific model that is at the core of contemporary soci-
ety. Opponents would argue that there is no scientific basis to demon-
strate that HIV is not the cause of AIDS. Similarly, this same group might
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argue that there is no scientific basis to support the idea that prayer has
therapeutic properties. Both arguments point to a lack of evidence and
therefore a lack of knowledge.

In either case, the vast financial support for medical research and
what seem like the ever-escalating expenditures on drugs around the
world would be threatened. Consequently, we might suggest that to some
extent the religion and science debate is about the control of limited re-
sources to support the activities and belief systems of a specific group
of people. In the absence of sufficient rational justification for their po-
sition, however, group members invoke magic in an effort to discredit
the positions of others. In the case of AIDS they argue that alternative
hypotheses to the HIV hypothesis are irrational and unscientific. In the
case of prayer they argue that no experiment yet devised is capable of
demonstrating that the efficacy of prayer is nonspurious.

Even though a recent textbook in medical sociology contains an entire
chapter to alternative therapies, nowhere in the entire work does the au-
thor mention prayer even once.25  However, the same text devotes nearly
three full pages to AIDS. How is it that AIDS is identified as a socially
relevant issue, but the healing power of prayer is not? As already stated,
part of the explanation is to be found in the fact that, at present, sci-
ence has a much higher profile and level of general acceptability than
religion. Beyond this, though, religion is often considered to be some-
thing personal and private, while science is seen as objective, compre-
hensive, and universal. People might generally agree that prayer is
individual, a matter of personal choice, while AIDS is indiscriminate,
infecting people of all races and creeds around the world. It is unfortu-
nate that this line of reasoning is extended to justify the social signifi-
cance of AIDS, and simultaneously to deny the social context and
relevance of prayer. Perhaps one task for the science-religion dialogue
would be to establish some balance to such questions.



  

Technology as
Magic
As information has been disseminated, the demand
for the miraculous, which has been one of the great
contributions of science, has increased. To supply
this demand for the miraculous has always been a
highly remunerative task.

—Harold Innis, The Bias of Communication
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Human beings are technology from the skin out. Lack-
ing fur and claws and fangs, slow of foot and with

dull senses, humans are unimpressive animals. In place of our natural
deficiencies we have substituted technology. Since technology is essen-
tial to our very survival, it is not too surprising that we spend a lot of
time trying to make sense of it.

Throughout history, most human cultures have surrounded technol-
ogy with myth and ritual. To engage in creation was to participate in
(or to encroach upon) the preserve of the gods. Weavers and potters, and
especially smiths, were commonly perceived as immersed in the sacred.
There was often a strong element of magic associated with the creation
of technology. Many crafts included elaborate initiation rites and an oc-
cult tradition. Before the modern era, most peoples saw the material world
as alive, and they often personified nature as female. Those who would
penetrate the mysteries of nature thus had to engage in propitiatory rites,
particularly miners and metalworkers, who were often perceived as vio-
lating Mother Earth and who had to go through elaborate rituals of pu-
rification and sexual cleansing.1

As we saw in chapter 5, during the Renaissance, magic was widely
accepted and boundaries were not clearly established. To the extent that
magic was distinguished from religion and science, it was so by its in-
strumental character. “Because its aim was some useful accomplishment,
not mere knowledge,” says historian Bert Hansen, “magic was a practical
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technology rather than a science.”2  Indeed, what today we would think
of as ordinary technology was commonly perceived to be magical. Early
clocks, in particular, were often thought to be magical.

Today, boundaries are apparently more clearly defined. The mod-
ern world tries to claim that technology is separate from religion and
magic. We live in a secularized society. We are realists. Nature for us is
dead matter, shaped by the impersonal forces described by science. Myth
and ritual, to the extent they have any meaning at all, are matters of in-
dividual preference. We leave symbols to the poets and guide policy with
fact and reason. Or so we claim.

In October 1999, IBM distributed an eight-page advertising supple-
ment in Canada’s two national newspapers—the Globe and Mail and the
National Post—to introduce its new line of Internet servers. The first
two pages are pictures showing children gathered around a large black
monolith. The text reads: “What if there was a box . . . A magic box.” If
the modern world is so secular and scientific, why would IBM want to
violate accepted boundaries and portray its new machines as magic? No
one talks about power saws as magical, yet magic is a persistent trope
in our discourse about computers.

This ad provides a useful case study through which we can uncover
broader themes in our discourse and explore the place of technology in
the science-religion dialogue. As we will see, magic language is spiritu-
ally and morally ambiguous. It is an expression of a mythic narrative
that is in turn a manifestation both of people’s hopes and fears and of
their powerlessness. We repeatedly look to technology to save us, or we
fear it will destroy us. This is symptomatic of a malaise at the roots of
our political order. As a symptom of deeper trends in our society, magic
language thus reflects both the breaking down of the boundaries drawn
centuries ago and a legitimation crisis in advanced industrial society.
The spiritual and practical dilemmas thus created require ethical insight
on the part of the science-religion dialogue.

Advertising Magic
The IBM ad has very strong visual images. Four and

three-quarters pages out of eight are photographs, all with a multicultural
and international theme. Four of seven photos portray children. Should
anyone miss the implication of the pictures, the captions emphasize “the
magic box brings people together” in the global village. Most portray the
box as a large black monolith suggestive of the film 2001, an image not
likely to be lost on boomer-age decision makers. The picture on the fi-
nal page is a little different. It shows an “African” girl pulling a small
black box in her red wagon down a dusty road through desert scrub (al-
though the Joshua trees in the background betray the locale as southern
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California). The parting image seems to say, “you too can take a magic
box home.” In addition to the photos, there are two childlike cartoon
drawings reiterating the globalization theme and five line drawings of
IBM equipment.

The text is just as striking. The font on the third page (the first full
page of text) and in the picture captions and transitions imitates a child’s
printing. The taglines on pages 3, 7, and 8 are in an “adult” cursive.
The rest of the text is in normal fonts, but much of it uses very short,
simple declarative sentences. The cursive text is especially interesting.
On page 7 is the reassuringly parental “The magic box is always there
for you,” while at the very bottom of pages 3 and 8 is the adult declara-
tive, “The magic box is an IBM [trademark] business server.”

Of most interest for this study, however, are the frequent and repeated
references to magic. The word magic is used forty-two times in eight
pages. The sociologist of religion Joachim Wach defined magic as a
“means to force the numen to grant what is desired.”3  Its power is ours
to use but not to understand. IBM agrees on page 4. Servers are “so com-
plex that only a handful of wizards understand their inner workings.
Yet so effortless to use that hundreds of millions of people use them
everyday.”4  The company engages in divination: “Servers are the most
important tools of the next century. Servers will hold virtually all of our
intellectual capital.” Even more, what the box itself does is magical. It is
described (in childish print) as:

A box that contained all the answers to all the questions you’ve
ever had. A box that contained every invention and every idea
you’ve ever wondered about. A box that could help doctors fig-
ure out how to cure diseases. A box that could help leaders of
industry deliver products faster. Help professors produce bet-
ter books. Astronomers find new galaxies. Well there is such a
box. A magic box.

The new machines are the philosopher’s stone.5

This childish, fairy tale–like text clashes oddly with the technobabble
and what propagandists call scientific slant in the fine-print portions of
the ad. For example, one inset paragraph declares: “An IBM RS/6000
SP UNIX server is capable of 3.88 TRILLION calculations per second.”
That certainly sounds impressive, but without any basis for comparison
with rival machines, how is the reader to know if that speed is good,
bad, or indifferent? There is also an element of science fiction when IBM
boasts that its processors were on the Mars Pathfinder mission: “Only
an IBM server has reliability proven on two planets.” At one point, IBM
even intimates that its machines are alive: “That’s why reliability,
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scalability, accessibility, and security aren’t just selling points—they’re
part of the DNA of every server IBM makes.” This is language used for
effect, rather than communication.

A lot of themes are packed into this one ad. Globalization is pre-
sented as an incontrovertible reality. The world is shown as a place for
children and for happy cooperation between nations, races, and cultures.
The future is determined, and IBM is able to foretell what it is. Tech-
nology is magic, and engineers are wizards. IBM’s new machines are
magic boxes that, like the philosopher’s stone, have enormous transfor-
mative power and, like the black monoliths of 2001, can raise conscious-
ness. And the readers (and potential users of the technology) are spoken
to as if they were children, as the corporation appropriates to itself the
role of wise and reassuring parent.

Explaining Magic
The question remains, why would IBM want to por-

tray its new machines as magic? The ad is obviously hype and hyper-
bole, but we should not let that obscure the question. The corporation
is spending a great deal of money on the ad campaign, and undoubt-
edly hiring the best talent available. We can be sure that nothing is there
by accident. Any words and images used would be deemed plausible
and effective. So why would IBM think that magic language would work?
Why would it want to transgress well-established and usually strongly
defended boundaries? Since anyone in a position to buy a server is likely
to have postsecondary education, one would reasonably expect that magic
language would alienate rather than entice potential buyers to buy—
although the “let’s pretend” air of the ad’s beginning (“What if there was
a box”) and the scientific slant of the fine print may take the edge off
for some scientifically oriented readers. Now, obviously, an ad designed
for mass circulation is aimed at the general public and therefore has a
larger agenda than just selling machines, but even so, why do the hype
and hyperbole not just appear ridiculous?

There are several possible explanations. First, magic language has
long been associated with new technology. As Arthur C. Clarke said in
his famous third law: “Any sufficiently advanced technology is indistin-
guishable from magic.”6  Clarke was not making a new observation. At
the beginning of the seventeenth century, Tommaso Campanella recorded:

Everything done by skilled men in imitating nature or helping
it by unknown art is called magical work, not only by the vul-
gar crowds but by all men in general. . . . Since the art was not
understood, all this was called magic. Later, all this became or-
dinary knowledge. The invention of gunpowder . . . and of print-
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ing and the use of the lodestone were magical. But today they
are common knowledge. The reverence for making clocks and
for other mechanical arts is lost, for their methods have become
obvious to everybody.7

The introduction of new technology, like any other form of social change,
is potentially threatening to many people.8  Many ask themselves, what
do these changes mean and how will they affect me? However, conven-
tional machines with which people are familiar and comfortable are not
discussed in magical terms. Computers may be magical; toasters are not.
However, while there has been an enormous increase in the size of the
Internet in the past few years, we are not dealing with a particularly new
technology here. Personal computers have been on the market since 1977,
the Internet was begun in 1985 (and its predecessor, ARPANET, goes back
to 1969), and Web browsers have been available since 1993, so why use
magic language now (especially since servers are rather mundane pieces
of equipment that few users will ever see)? Thus technological change
may be a factor in this case, but it is not a sufficient explanation.

A second possible explanation may lie in the economic context of
the ad. In part it can be seen as an attempt to tap the speculative frenzy
on the stock markets in 1999 for “dot.com” companies. In a delirium
that can be compared only to the Dutch tulip mania of the seventeenth
century, IPOs (initial public offerings) and corporations that had never
earned a nickel of profit saw their stock prices rise by hundreds of per-
cent.9  IBM obviously stood to benefit if the bubble continued. As the
ad claims on page 4: “Servers are where virtually all transactions will
take place. E-business is transforming the worlds of commerce, manu-
facturing, finance, education, aerospace, retailing—the whole world. And
without servers there can be no e-business.” The aura of magic is here
combined with a bandwagon appeal—you do not want to be left behind.
This is magic language as mystification. Asserting that all these claims
about the future and e-business are magical means that they do not there-
fore require empirical justification. Proof is not needed. Actual perfor-
mance, or even some black ink on the bottom line, is unnecessary. In
effect, IBM is saying that the future is determined, IBM has divined it,
and you should accept it on blind faith. Yet while this is certainly part
of the explanation, it still is not sufficient. The ad does not appeal di-
rectly to the stock market frenzy, and, even if it did, that would just push
the question back one level. Market bubbles can be exploited without
recourse to magic language. Even taking this ideological use of magic
into account, there is a surplus of meaning. If the ad did not tap into a
deeper, mythic understanding of computers, the hype and magic lan-
guage would lack plausibility and would just appear ridiculous.
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A third explanation may be that the ad retains its plausibility be-
cause it is grounded in ancient myths. If we read the ad closely, we find
a mythic narrative hidden between the lines that is surprisingly similar
to the quests of the Renaissance magi. It goes something like this. The
magic box will give you omniscience, a godlike knowledge, and with it
prescience, the ability to know the future. With this unlimited knowl-
edge will come unlimited power. This is progress.

Let us analyze each part of the myth. The magic box will give you
omniscience, says the ad on page 3. It contains “all the answers to all
the questions you’ve ever had” and “every invention and every idea
you’ve ever wondered about.” It will help doctors heal, professors pro-
duce better books, and astronomers find new galaxies. This is godlike
knowledge. The ad recalls some of the deepest myths of Western civili-
zation which, like that of Prometheus, express the yearning of humans
to be like gods. Recall, in particular, the myth of the Fall. As recounted
in the third chapter of Genesis, the serpent tempts the woman to eat for-
bidden fruit, promising that “your eyes will be opened and you will be
like gods.” She and the man eat, gain the knowledge of good and evil,
and as a consequence are cursed and expelled from Eden. The longing
to return to Eden, to regain the lost earthly paradise and be like gods,
has been one of our civilization’s most persistent wishes and lies be-
hind countless messianic and apocalyptic hopes.10  This ad implies that,
as magic, technology can reverse the Fall and recover Eden.

With omniscience comes prescience, the ability to know the future.
The future tense is prominent in the text of the ad and, as we have al-
ready seen, IBM believes that the future is determined and that IBM has
divined it. Again, this resonates with long traditions in Western culture.
For thousands of years people have paid astrologers, soothsayers,
psychics, and futurologists to predict what will happen. This quest to
know the future goes beyond mere curiosity. To know the future is to
be able to change it, and prediction has always been intimately linked
with control.

One hundred seventy years ago, Auguste Comte founded the disci-
pline of sociology upon the slogan “Knowledge for prediction, predic-
tion for power.” But Comte was merely echoing the ideas of Francis Bacon
from two hundred years before. Bacon’s slogan, “Knowledge is power,”
set the agenda for the new natural sciences, but he in turn was only elabo-
rating a theme from the Renaissance alchemists and magi. That knowl-
edge is power is the great Faustian theme of modern civilization. It is
also a central theme of the magic-box ad. “E-Business changes every-
thing. Absolutely everything,” says IBM on page 7. The omniscience and
prescience delivered by the magic box will allow its users to transform
the world.
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All of this is progress. While the ad is more oriented to profits than
prophecy, progress lies just beneath its surface. The magic box will do
all sorts of remarkable things to make life better, says the ad on page 5;
it “can help you close a hole in the ozone layer, find a lost friend, or
sell 50 shares of stock.”11  This kind of language continues a long tradi-
tion. As the Canadian philosopher George Grant observed: “What makes
the drive to technology so strong is that it is carried on by men who
still identify what they are doing with the liberation of mankind.”12  For
the early scientists, and even more for the Enlightenment, science and
technology were the means by which humans would be freed from want
and suffering and fate. The growth of scientific knowledge was seen as
irreversible and cumulative and was equated with the growth of free-
dom. Technology was the means by which utopia would be achieved.

So it is as mythic narrative that we can begin to see why magic lan-
guage remains salient at the beginning of the twenty-first century. To
understand the magic in this ad, we have to go beyond its appeal to greed
and self-interest, although that is there. We have to go beyond its ap-
peal to the fear and excitement of novelty and change, although that is
there too. The magic language of this ad, like so much of our discourse
about technology, spins the web where technology and religion meet.

Interpreting Magic
To recount this myth is not yet to understand it, how-

ever. This myth, like all symbolic narratives, needs to be interpreted.
Here we run into a paradox. We do not live in the Renaissance anymore,
and we cannot pretend that the past five hundred years have not hap-
pened. The symbols of alchemists and magi ring false when spoken by
advertisers for the largest computer company in the world. The ad may
have expropriated some of the deepest myths of Western civilization,
but in doing so it twists them out of their mythic matrix and turns them
into a vehicle to sell—sell machines and sell ideas. Magic means some-
thing profoundly different at the beginning of the twenty-first century
than it did at the conclusion of the fifteenth.

In order to resolve this paradox we will need what Paul Ricoeur calls
a double hermeneutic. Interpretation must first be an exercise in suspi-
cion in order to strip away ideology. We have to uncover all the false-
hoods, all the deceptions and self-deceptions, that obscure the truth. But
removing the masks is only the first step. The second is the recovery of
meaning. Once we have removed the idols, we still have to listen to the
symbols. As Ricoeur reflects: “Hermeneutics seems to me to be animated
by this double motivation: willingness to suspect, willingness to listen;
vow of rigor, vow of obedience. In our time we have not finished doing
away with idols and we have barely begun to listen to symbols.” The
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circle of interpretation never stops. As Ricoeur concludes: “‘Symbols give
rise to thought,’ but they are also the birth of idols. That is why the
critique of idols remains the condition of the conquest of symbols.” 13

Magic as Deception
So, as an exercise in suspicion, the first level of in-

terpretation is the narrative as bad faith and mystification. This is myth
in its popular meaning of a story that is not true. This is an advertise-
ment, after all. Its aim is to persuade, by any means necessary. We have
already mentioned some of the propaganda tricks used in the ad, such
as scientific slant and bandwagon appeal. Every part of the mythic nar-
rative illustrates bad faith.

First, the ad promises that the Internet will deliver “all the answers
to all the questions you’ve ever had.” The reality, of course, is rather
different. The Internet may provide enormous amounts of information,
but serious questions have been raised as to how much of it is reliable.
Eva Allen, John Burke, Mark Welch, and Loren Rieseberg report in the
British science journal Nature that the quality of scientific information
at the majority of sites studied was poor. In their study they searched
the Web and took the first five hundred sites dealing with evolution (EV),
genetically modified organisms (GMO), and endangered species (ES).
A pair of referees then evaluated the sites for accuracy. They conclude:

For EV, only 12% (59 of 500) of the web sites examined were
considered informative by both referees. For GMO and ES, 46%
(64 of 140) and 28% (55 of 200) of sites, respectively, were con-
sidered informative. Of informative sites, the proportion that
were judged inaccurate ranged from 10% for GMO sites to 34%
for EV. . . . Likewise, the proportion of informative sites scored
as misleading ranged from 20% for ES to 35% for EV.14

So when only 12 percent of sampled Web sites on evolution can be
considered informative at all, and 69 percent of those are inaccurate or
misleading, the Web as a source of information has to be called into ques-
tion. The problem is that anyone can put anything on a Web page, and
so the Web is crowded with opinion, ideology, and propaganda. Since
the Web is not peer reviewed, the individual reader has little way of
determining whether the “facts” being presented are reliable or not. The
result is that valid science is swamped in a sea of misinformation and
distortion. Omniscience, indeed!

If claims to omniscience falter over the question of quality and reli-
ability, those of prescience and power succumb to an internal paradox.
The ability to know the future has had an ambiguous history. To the an-
cient Hebrews, a prophet was one who could read the signs of the times
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and proclaim the Word of God. Prophets were not fortunetellers. For the
Greeks, the ability to see the future was a gift—or curse—from the gods.
Recall the story of Cassandra, who was fated never to have her predic-
tions believed. The meaning of prophecy and prediction changed with the
coming of the scientific worldview, however. The “clockwork universe”
of many Enlightenment philosophers and scientists was a mechanical
and completely determined system. In principle, if one had enough
knowledge, one could accurately predict what would happen at any time
in the future, just as one can predict the motions of a machine. This
view lies behind the language of prediction and control used by Comte.
The language of the ad is that of technological determinism, the belief
that technology is the “motor force” in society. The reason IBM can make
such confident predictions of what the Web will do in the future is that
the company believes that technology determines what that future will
be. But here the paradox enters in. The whole point of knowing the fu-
ture is to be able to change it. But if the future is determined, there is
nothing we can do about it. We are as helpless as Cassandra. The aim
of prescience is empowerment; the result is powerlessness.

This paradox is inherent in the nature of prediction. Accurate pre-
diction requires an unvarying mechanical structure, which is why
astronomers can predict eclipses hundreds of years in advance. But em-
powerment is built upon agency, the ability of people to make real de-
cisions and influence the direction of their lives, which makes for an
indeterminate future. Natural scientists may indeed be able to make
predictions about those aspects of nature that form a mechanical system,
but it has been one of the great illusions of the social sciences to try to
imitate them. Neither the moon nor molecules have agency; people do.
But the only agency left to us by the language of the ad is to buy the
technology offered to us and to accept passively whatever the machines
determine.

Nor is progress into a utopian future likely. All the loose talk about
the so-called new economy proved to be premature. For example, the
number of people employed in the computer sector remains tiny. Accord-
ing to economist Jim Stanford, for example, in Canada, less than 2 per-
cent of workers are employed in the production of electrical and
electronic products and in the computer services industry combined.15

Neither are the jobs in this sector much like the hype. As Clifford Stoll
says: “Internet employment is cyclical, insecure, and often unreward-
ing. Today’s digital sweatshop is a cubicle, with tight deadlines and of-
ten no promise of work beyond the end of the month. Rather than
employees, businesses hire consultants and contractors—they do not get
benefits and are easier to lay off.”16  While the media touts images of well-
to-do programmers, most of the employees of even relatively successful
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e-businesses are nonunion, low-paid warehouse workers. And after the
market crash, many of those much-hyped “dot.com” companies no longer
exist.

All this reveals the bad faith of the ad. The magic language is not
simply false, it is an attempt to deceive. It is unlikely the ad writers “really
believe” in magic, but if enough people can be persuaded to act because
of it, their vision will become a self-fulfilling prophecy (and the corpo-
ration will grow rich).

This exercise of suspicion, to see the myth and magic of the ad as a
con game, is only the first step of a double hermeneutic, however. As
cynical as the motives behind it may be, framing computer technology
as magic nevertheless speaks to some felt need in many people. As Mar-
garet Wertheim says: “People will only adopt a technology if it resonates
with a perceived need. For a technology to be successful, a latent de-
sire must be there to be satisfied. The sheer scale of interest in cyberspace
suggests there is not only an intense desire at work here, but also a pro-
found psychosocial vacuum that many people are hoping the Internet
might fill.”17  To talk of technology in terms of myth and magic has a
persistent appeal for people. Magic is a symptom of deeper trends in
society. Magic today is simultaneously an expression of people’s hopes
and fears and an expression of powerlessness.

Magic as Utopia and Apocalypse
To frame technology as magic is to mine people’s la-

tent hopes and fears. A persistent theme in discourse about technology
since early modern times is that it will alternately save us or destroy
us. From Francis Bacon to the present, science and technology have been
seen as key to the perfect society. These utopian expectations express
ancient dreams and desires (or fears) that have never been very far away
from religion.

The IBM ad is only the latest in a long tradition of visions that proph-
esy that technology will reverse the Fall and allow us to be as gods. De-
scribing the appearance of utopias such as that envisioned in Bacon’s
New Atlantis, Margaret Wertheim observed: “With these utopian visions
we witness the emergence of the idea that man, through his own efforts,
can create a New Jerusalem here on earth. . . . Technology would thus
become a medium for salvation. Again and again in the age of science,
technology has been viewed as a salvific force, a key to a better, brighter,
more just world.”18  Today’s cyberutopians continue the tradition. For
example, futurologist Frank Ogden believes that by 2035 “there will be
new scientific, and harmless, means to deliver physically improved fu-
ture citizens into a progressive society. We are at the dawn of the age
that will find us creating our own successors.” Ray Kurzweil, a distin-
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guished computer scientist, goes even further. According to him, the ex-
ponential growth in computer capacity means that by 2060 we will be
able to download our personalities into computers, extend our abilities
a millionfold, give ourselves ready access to all human knowledge, and
never die. Others take us even closer to godhood. “The final goal of Com-
putopia is the rebirth of theological synergism of man and the supreme
being,” said Japanese futurologist Yoneji Masuda. “It aims to build an
earthly, not a heavenly, synergistic society of god and man.”19

The other side of all this optimism is apocalyptic fear. Every hope
that technology is leading us to New Jerusalem is matched by the dread
that it is building hell on earth, or worse. One of the deepest fears at
the beginning of the twenty-first century is that technology is out of con-
trol, that our tools will turn against us. A much-discussed essay in Wired
by Bill Joy, the founder of Sun Microsystems, is a good example. “The
21st-century technologies—genetics, nanotechnology, and robotics (GNR)—
are so powerful that they can spawn whole new classes of accidents and
abuses. . . . I think it is no exaggeration to say we are on the cusp of ex-
treme evil, an evil whose possibility spreads well beyond that which
weapons of mass destruction bequeathed to the nation-states, on to a
surprising and terrible empowerment of extreme individuals.”20  Unlike
nuclear weapons, which required enormous resources to develop, GNR
technology will be widely available to corporations or individuals. Joy
fears that terrorists or an accident could unleash a genetically engineered
“white plague” or nanotechnology “gray goo” that would annihilate our
species. Or perhaps we will be exterminated by our robots. This may
have seemed like science fiction when Joy wrote it, but the unhappy
events since 11 September 2001 have made the dangers of GNR tech-
nology all too real.

It would be easy to be cynical and dismiss all of this. Technology
has been imbued with quixotic expectations for a long time. In the 1860s
some said the Atlantic cable would put an end to war by putting an end
to misunderstanding.21  In 1890 the telephone was seen as a tool of de-
mocracy, allowing Americans to call the president directly. The radio,
it was asserted in the 1920s, would enable us to go to work without ever
leaving home (a prophecy recycled for personal computers and then again
for the Internet). In the 1950s atomic energy would make electricity too
cheap to meter, while television was hailed as the redemption of edu-
cation. Now, when one’s operating system crashes every day, one may
perhaps be excused for thinking cyberfantasies of godhood are a bit pre-
mature. But cynicism would miss something deeper at work.

Utopias are expressions of deep wishes, what Wertheim calls “la-
tent desire” or the German philosopher Ernst Bloch called “anticipatory
consciousness.”22  What do people wish for? People want to be warm
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and well fed. They want to be safe and healthy and happy. They want
to be comfortable. And when they have all this, they do not want it to
end—they do not want to die. Our ancient myths express these wishes.
They are full of striving for more, for fulfillment, for transcendence. As
we retell these stories—now in secular form and under the guise of sci-
ence—we too strive for more, to go beyond the limits. With Prometheus,
we will steal fire from the gods. With Adam and Eve, we will eat the
forbidden fruit of knowledge. With Faust, we will gain unlimited knowl-
edge and power. Today’s cyberutopias are the linear descendents of these
myths. But, as in the myths, when we exceed the limits, we fear we will
be punished. Prometheus was chained to a rock. Adam and Eve were
expelled from Eden. Faust bought knowledge and power at the price of
his soul. The other side of the coin of utopian hope is apocalyptic fear.
We have transgressed and fear Judgment Day, the wrath to come. Ray
Kurzweil speaks to latent desire, Bill Joy to latent fear, but both their
visions spring from the same source.

Magic as Powerlessness
Magic is all about power. Through our machines we

command the transformative power of the numinous, or at least we ap-
pear to. Yet underlying all these hopes and fears is a pervasive sense of
powerlessness, what Wertheim calls a “profound psychosocial vacuum.”
“Magic,” says Brazilian theologian Rubem Alves, “is a flower that grows
only in impotence.”23

Perhaps it is ironic that the more technological our society has be-
come, the more “technologically illiterate” the majority of people are.
In advanced industrial society our life has become increasingly segmented
through the division of labor and the separation of the spheres of work
and home. Today we use many complex machines, but most people have
very low levels of inclusion in most technologies.24  Most people are con-
sumers rather than producers of technology. Technology is constructed
by others and presented to most of us as an accomplished fact. Today,
few see technology built, few know what makes it work, and even re-
pair is often a matter of replacing one “black box” with another. Tech-
nology has taken on aspects of nature, an independent force, powerful
but mysterious. Technology itself has become more important as display,
becoming a commodity, a status symbol, an object of conspicuous con-
sumption.25  The lower our levels of inclusion, the more technology seems
a magical black box and the more wizardlike seem those few who do
have high levels of inclusion.

We can see this particularly clearly in the child-adult theme in the
ad. As we have seen, the ad speaks to us as if we are children. And in
the face of the giant technocratic structures that rule our world, most of
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us as individuals are indeed as powerless and dependent as children
are. Because most of us have low levels of inclusion, as users and con-
sumers of technology we are presented with a take-it-or-leave-it option,
and we are constantly told that if we do not “take it” we will be left
behind. In an existential situation of powerlessness, the ad appeals to
fantasies of knowledge and power. But it does so as fantasy—as magic.
At the same time the ad tries to sell us the fantasy of power, it asserts
the real power and authority of the corporation. IBM puts itself in the
role of parent—wise, powerful, competent, comforting, who assures you
on page 7 that it is “always there for you.” Magic is thus both an ex-
pression of dependence and an ideology for dependence.26  The most
we can do—like the children in one of the pictures in the ad—is dance
around the box in a circle.

This is reflective of the declining role of the citizen in postdemocratic
society. To those Enlightenment thinkers who made the American and
French revolutions, citizenship was the keystone of a free society. Citi-
zens were free individuals who participated in their political institu-
tions and took moral responsibility for the good of society (what was
often called republican virtue). For Thomas Jefferson, economic inde-
pendence was a prerequisite for citizenship. “Dependence,” he said,
“begets subservience and venality, suffocates the germ of virtue, and pre-
pares fit tools for the designs of ambition.”27  Today, economic indepen-
dence is a remote dream for the vast majority of people. The ad celebrates
globalization as cooperation and multiculturalism, but it omits some-
thing. There are no citizens in global society, only consumers. In such a
society, the Canadian philosopher John Ralston Saul says, “the citizen
is reduced to the status of a subject at the foot of the throne of the mar-
ketplace.”28  Freedom has been reduced to the ability to make choices
between commodities (be they things, services, or ideas) offered to us
by others. Participation in civic institutions, the hallmark of the citizen,
has declined sharply across North America over the past thirty years.29

The widely discussed decline of voter turnout in both the United States
and Canada is only the most visible symptom. We may have a high stan-
dard of living, our technology is unsurpassed, but most of us are as pow-
erless before the marketplace as our ancestors were before some king.

Magic language is thus a symptom of a legitimation crisis in advanced
industrial society. The fact that technology would be advertised as a
magical black box already means that most of us are dependent. On the
other hand, those with high levels of inclusion are elevated to the sta-
tus of wizards. As the division of labor, and with it the information explo-
sion, continue to intensify, there is more and more knowledge that we
not only cannot master but for which we must trust some “expert.”30

Science slowly comes to be seen (by the general public at least) as based
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less and less upon reason and more and more upon authority. When
scientists and engineers become priests and wizards whose pronounce-
ments cannot be understood by the public and, implicitly, should not
be challenged, rational debate is closed off.

Magic, Spirituality, and Ethics
What can all this tell us about the relationship be-

tween science and religion? Magic language is both spiritually and mor-
ally ambiguous. It seems to us that there are two dimensions to the
question, the spiritual and the practical. Ethics, and thus the need for
evaluation, infuses both.

Magic language is spiritually ambiguous. On the one hand, magic
is an expression of hope. As we have seen, it arises out of our deepest
longings as human beings. On the other hand, it is an expression of pow-
erlessness. What makes this discussion so disturbing is that it is some
of our most advanced technology that is being discussed as magic. It is
one thing to find magic language in Romantic literature or New Age spiri-
tuality, and quite another to find it in advertisements for computers. Or
maybe it is not.

Margaret Wertheim argues that the monistic naturalism of the sci-
entific worldview closed off any space for the spirit as was found in tra-
ditional Western dualistic views of the world. Cyberspace reopens that
possibility.

This projection of essentially religious dreams onto cyberspace
is not . . . particularly surprising. As a new immaterial space,
cyberspace makes an almost irresistible target for such longings.
From both our Greek and our Judeo-Christian heritage Western
culture has within it a deep current of dualism that has always
associated immateriality with spirituality. . . . It was perhaps in-
evitable that the appearance of a new immaterial space would
precipitate a flood of techno-spiritual dreaming. That this site
of religious expectation is being realized through the by-products
of science—the force that so effectively annihilated the soul-
space of the medieval world picture—is surely one of the greater
ironies of our times.31

What the networking of computers has done is create new possibilities
for otherwise secular people to express their spiritual longing. In that
this may allow people to find meaning in their lives, it is all to the good.
Anything that helps counteract the alienation and anomie of advanced
industrial society may be of some benefit. But it raises two additional
questions.

First, what kind of spiritual experience are people having? As the



T E C H N O L O G Y  A S  M A G I C 131

elaborate demonologies of our Renaissance forebears testify, to be spiri-
tual is not necessarily to be good. The Renaissance magi, as we saw in
chapter 5, envisioned a holistic magic that would unite the material and
spiritual and in so doing transcend both. What do today’s magi envi-
sion? Getting rich. Gaining power over others. Fantasies of sex and
violence. In other words, their “spiritual” visions are of more of the same.
In cyberspace we find spirituality without transcendence. “The cyber-
soul,” Wertheim says, “has no moral context.”32  It is an expression of
the ego without either a vision of the good or a sense of obligation to
others. What makes people like Ray Kurzweil frightening is not that they
are likely to achieve their dreams of immortality but that their dreams
are so shallow.

Second, is cyberspirtuality becoming a new “opium of the people”?
Bill Joy writes that, at first comforted by technological visions, “I didn’t
feel pressed to solve so many problems in the present.” If technology
was going to bring utopia in the future, “I might as well enjoy life more
in the here and now.”33  So when the magic box promises to close the
hole in the ozone layer, the rest of us are absolved of responsibility or
the need to change our lifestyle. If magic is both an expression of de-
pendence and an ideology for dependence, then one of the effects of
cyberspirituality would be passivity. A number of studies have shown
that as the amount of time spent on-line increases, interaction with flesh-
and-blood people drops dramatically.34  It seems the more we dream of
a magical future, the less likely we are to actively participate in build-
ing the real one.

The second dimension is the question of practice. But here is much
less ambiguity. There are clear dangers in treating technology as if it were
magic. Propaganda like the IBM ad is aimed at shaping public opinion
and influencing policy makers, and the combined industry and media
hype has had its effect. Policy is habitually made on the basis of the
grandiloquent visions of those who have something to gain. As a con-
sequence, we stumble from one expensive boondoggle to the next. There
are countless examples of a technical fix gone awry, from claims that
atomic energy would make electricity too cheap to meter to computers
fixing all the problems in our schools. Or, alternatively, policy is based
on apocalyptic fears and resources are wasted on worthless crash pro-
grams. The billions of dollars spent on the Y2K hoax is a good example.
In neither case is there any realistic assessment of the limits of the
technology.

One of the things the science-religion dialogue can contribute to our
practice of technology is to restore some perspective and balance to public
debate. When we trace the web of reality and find all the interconnec-
tions, we are much less likely to become transfixed by any one thread.
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All of us are called upon for greater discernment. As Ronald Cole-Turner
says: “Informed criticism . . . is only the first step. By itself, such criti-
cism only serves to warn us of technology’s pretensions and risks. It does
not guide us in the right use of technology, much less offer us a frame-
work of meaning out of which the future course of technology can be
anticipated and guided. So a theology of technology must include an
assessment of the theological appropriateness of technology.”35  One of
the most important tasks the science-religion dialogue can undertake is
to criticize the idols and build ethics into our practice.
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The Moral of
the Dinosaur
To some people, the idea that extinction is ulti-
mately good is so self-evident that it does not need
testing: more fit species can be distinguished from
the less fit by the mere fact of their survival. The
disturbing reality is that for none of the thousands
of well-documented extinctions in the geologic past
do we have a solid explanation of why the extinction
occurred. . . . Sadly, the only evidence for the
inferiority of victims of extinction is the fact of their
extinction—a circular argument.

—David Raup, Extinction

135
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One of the great blessings of our species is conscious-
ness—we are self-aware. One of the great curses of

our species is our awareness of death. The reality every individual on
Earth must face is our own death. Consequently death is one of the central
issues in every theology of every religion.

Death is the foremost of a class of occurrences the anthropologist
Clifford Geertz calls “limit situations.”1  These are events that lack not
simply meaning but interpretability, that is, there is not only no answer
but also no way of getting an answer. Death, suffering, and intractable
moral paradox all have the potential to destroy meaning, not just for an
individual but for a society as a whole. As a consequence, every reli-
gion has developed means of coping with limit situations, what theolo-
gians call theodicy. Theodicy is the provisional answer religion offers
in a situation that is intrinsically meaningless. Weber saw it as one char-
acteristic of all religions. In the face of death and suffering and evil, re-
ligion tells us of sin and punishment, of karma, of resurrection or heaven
or reincarnation, of the Fall and of redemption. Theodicy reduces the
terror of limit situations, enables individuals to cope, and helps society
avoid the potential threats of chaos.

If individual death is a central theological (not to mention existential)
problem, what do we do with death on a mass scale? One of the more
dubious achievements of the twentieth century is that it raised the is-
sue of mass death. Caught in the carnage of the trenches in 1917, the
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poet Wilfred Owen wrote: “What passing bells for these who die as
cattle?”2  One of the greatest horrors of the twentieth century is that we
coined the word genocide—and that we needed to. But even genocide
pales (intellectually if not morally) beside the question of extinction.
Machine guns and poison gas made mass death a social reality. With
the coming of the atom bomb, humanity for the first time became self-
aware of extinction.

Extinction has been an intellectual problem for only two hundred
years. For the ancient Greeks the doctrine of plenitude, or fullness of
the natural world, meant that extinction was not possible.3  The Bible
proclaims that the creation was good and relates how Noah saved a breed-
ing pair of every animal so that none would be wiped out by the flood.
The Church consequently believed that God would not take back what
had been given, and therefore the idea of extinction was blasphemous.
Fossils were not fully understood as the remains of long dead animals
and plants until the eighteenth century. It was Georges Cuvier, the founder
of paleontology, who in 1796 first proved that many fossils represent
organisms that no longer exist anywhere. The discovery of extinction
began an intellectual controversy in Europe that was pivotal to the rise
of modern geology and the theory of evolution in the nineteenth cen-
tury. In the past twenty years the discovery that on a number of occa-
sions in Earth history there have been sudden mass extinctions in which
most forms of life were wiped out has forced scientists to rethink those
nineteenth-century solutions and question some of the central ideas of
geology and evolution.

Mass extinction also raises important theological issues, although
few in the science-religion dialogue have addressed them. One of the
assumptions of many in the debate is that evidence of God’s revelation
can be found in the “book of nature” as well as the “book of Scripture.”
It is common in the science-religion dialogue to look to cosmology and
evolutionary theory to find evidences of God’s design (as in the various
forms of the anthropic principle, for instance). A question that is not
often debated, however, is what kind of God is revealed through the “book
of nature.” Many scientists (and others) are motivated by the beauty, awe,
and mystery of nature, but nature just as frequently presents another face.

In this chapter, we look at the controversy surrounding the discov-
ery that sixty-five million years ago a comet or asteroid struck the Earth,
exterminating the dinosaurs and 70 percent of all other species on the
planet. This controversy makes a particularly good case study for sev-
eral reasons. First, a sociological analysis of the controversy reveals the
working of scientific practice. The more we understand about how sci-
entists work, the richer our dialogue can become. Second, the history
of the controversy reveals some of the implicitly religious ideas embed-
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ded in scientific theory. And third, the content of the discovery itself
both challenges many assumptions in the science-religion dialogue and
raises in a particularly strong form the question of theodicy.

Extinction and Theodicy
Georges Cuvier had a problem. What was the mean-

ing of the fossil elephants being dug up across northern Europe and Asia,
which the Siberians called mammoths? In his first scientific paper in
1796, Cuvier proved that not only were African and Indian elephants
distinct species, but that mammoths differed from either.4  By 1800 he
had identified the fossils of twenty-three species that no longer existed
anywhere. Over the next few years he determined that the world was
“thousands of centuries” old, that there was a time when reptiles domi-
nated the Earth before mammals appeared, and that none of these an-
cient animals were still alive. But what could have caused all of these
extinctions? As he studied the layers of rock (called strata) in the Paris
basin, he found that each was characterized by a different assemblage
of fossils. Terrestrial and marine environments lay right on top of each
other, fresh-water and saltwater deposits alternated. By 1812 he con-
cluded that the only way to explain these dramatic alternations in the
rocks was through a series of “revolutions” or catastrophes. The sea had
from time to time flooded in, drowning all life in the area. Later the water
would retreat, and the land would be repopulated.

A product of the Enlightenment, Cuvier was a careful empirical ob-
server who throughout his career was sharply critical of speculative theo-
ries not grounded in the facts (which is why he opposed the evolutionary
speculations of Jean-Baptiste Lamarck). Unfortunately, some of his fol-
lowers were not so careful, particularly in England, where a very bad
translation of his Discours préliminaire appeared in which the most re-
cent catastrophe was identified with the biblical flood.5  This did not
sit well with one group of English geologists, the followers of James
Hutton, who in 1788 had expounded the principle that in geology “the
present is the key to the past.” The attack on Cuvier was led by an En-
glish lawyer named Charles Lyell, who published the first volume of the
Principles of Geology in 1830.

Lyell advocated what came to be known as uniformitarianism (the
term was actually coined by William Whewell in a review of Lyell’s book).
There are two aspects to uniformitarianism, which, as Stephen Jay Gould
has pointed out, Lyell conflated.6  The first aspect, what Europeans call
actualism (“actual causes”), is methodological. This is the principle that
there is uniformity in the laws and the processes at work in nature. This
kind of uniformity is assumed by scientific methodology. In other words,
if a natural process is discovered today, it is assumed to have existed in
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the past and will continue to exist in the future. The second aspect is a
substantive claim that nature works only through those geological forces
observable today—the slow, gradual processes of erosion, sedimentation,
and volcanism. Extinctions, which had so bothered Cuvier, became a non-
problem. Over the vast stretches of geologic time, individual species
would come and go. What appeared to be catastrophic breaks between
geologic eras Lyell explained away as “gaps in the fossil record” (which,
as David Raup comments, is a classic case of allowing theory to deter-
mine what is fact).7  By conflating these two aspects of his theory, how-
ever, Lyell was able to make his approach seem the only way to be
scientific, and uniformitarianism became orthodoxy in the earth sciences.

Charles Darwin took the Principles of Geology with him on HMS
Beagle and quickly became an enthusiastic convert. Darwin grounded
his theory of evolution firmly upon uniformitarian principles. For Dar-
win, extinction was not much more of a problem than it was for Lyell.
It was a slow, gradual process as an individual species lost out in the
“battle for life.” He dismissed the appearance of sudden mass extinc-
tions in the fossil record as illusory: “With respect to the apparently sud-
den extermination of whole families of orders, as of Trilobites at the close
of the palæozoic period and of Ammonites at the close of the second-
ary period, we must remember . . . the probable wide intervals of time
between our consecutive formations; and in these intervals there may
have been much slow extermination.” Natural selection meant the sur-
vival of the fittest, and if a species died out, it was because it lost in
competition with those that were more fit. He continued: “New species
become superior to their predecessors for they have to beat in the struggle
for life all the older forms, with which they come into close competi-
tion. . . . So that by this fundamental test of victory in the battle for life,
as well as by the standard of the specialization of organs, modern forms
ought, on the theory of natural selection, to stand higher than ancient
forms.”8  Because life was a constant struggle for existence, each gen-
eration of survivors would be superior to those that came before. Thus
evolution was a record of progress.

Implicit in the idea of evolution as progress was a theodicy. In the
eighteenth and early nineteenth centuries, natural theologians such as
William Paley had argued that nature provided proof of God. The fit-
ness of organisms (wings are perfect for flying, the complexity of the
eye, etc.) was evidence for design, and design required a designer. Dar-
win knew this theology but rejected it, in large part because he saw na-
ture as far less benign, as he expressed in 1856: “What a book a devil’s
chaplain might write on the clumsy, wasteful, blundering, low, and hor-
ribly cruel works of nature!”9  But might not all the suffering entailed
in natural selection be justified by the end result? As Darwin concluded:
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“Thus from the war of nature, from famine and death, the most exalted
object that we are capable of conceiving, namely, the production of the
higher animals, directly follows.”10  The problem with this, as David Raup
says, is that “if we accept that turnover in species is merely nature’s way,
just as nature has given humans a limited life span, then there is noth-
ing in species extinction worthy of wonder.”11  And if the end of the
process is us, well, who are we to complain if the dinosaurs had to die?

In Darwin, this theodicy remained implicit, but those who came later
would develop it.12  Incidental suffering or death did not matter if, on
the whole, life became stronger for it. Darwin lived in an age of brutal
capitalism and imperial conquest, and people (the ruling classes, at least)
were quite prepared to see the sacrifice of the “unfit” as necessary for
the greater good. In the words of the U.S. industrialist Andrew Carnegie:
“The law of competition, be it benign or not, is here; we cannot evade
it; no substitutes for it have been found; and while the law may be some-
times hard for the individual, it is best for the race, because it ensures
the survival of the fittest in every department.”13  Social Darwinism—
and its religious counterpart, the gospel of wealth—made the theory
of evolution into an apology for war, class exploitation, racism, and
patriarchy.

Among earth scientists, the combined authority of uniformitarian-
ism and evolution-as-progress bestowed an ethos of conservatism. Even
ideas that did not threaten the principle of uniformitarianism, such as
continental glaciation (ice ages) and continental drift (today called plate
tectonics) took decades to become widely accepted. Extinction remained
a nonissue, which the modern synthesis between Darwinism and genetics
did nothing to change.14  Dinosaurs were seen as huge, sluggish, stupid,
swamp-loving reptiles that could not compete. There were numerous fan-
ciful speculations on the reasons for their demise, but no serious research.
There were, of course, the occasional maverick scientists who suggested
catastrophic events (even that extinctions might be caused by impacts),
but as a rule they were ignored.

In the 1960s things began to change, for reasons that were as much
cultural and political as scientific. Apocalyptic thinking was fostered
by political events as the cold war intensified, climaxing in the terrify-
ing Cuban missile crisis of 1962. This was reinforced by a series of best-
selling novels and movies, such as Alas, Babylon, On the Beach, and
Fail-Safe, which brought home to the public the reality of nuclear war.
Doomsday cults and eschatological sects flourished, while end-of-the-
world religious tracts such as Hal Lindsay’s The Late Great Planet Earth
became bestsellers. Catastrophic thinking was “in the air.”

Three scientific events were to set the stage for the return of
catastrophism. First, in the 1970s Stephen Jay Gould and Niles Eldredge
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proposed the theory of punctuated equilibrium. They argued that the
fossil record did not support uniformitarian doctrine, and that evolu-
tion was characterized by short periods of rapid speciation, followed by
long periods of stability. Their theory was not universally accepted and
sparked a fierce and ongoing debate over the rate of evolutionary change.
Some scientists began to recognize that mass extinctions were real and
not just an artifact of “gaps in the fossil record.” Second, space probes
began sending back close-up pictures of other planets. For the first time,
geologists had more than one world to study. What they saw on every
other body in the inner solar system was heavy impact cratering, and
some began asking why the Earth would be exempt. Third, the 1970s
and 1980s saw the “dinosaur renaissance.” Paleontologists such as John
Ostrom and Robert Bakker argued that the conventional wisdom about
dinosaurs was wrong; they were in fact fast, agile, and warm-blooded,
and the direct ancestors of birds.15  Canadian paleontologist Dale Russell
raised the question of their extinction. Dinosaurs had been the domi-
nant form of terrestrial life for 160 million years and had survived nu-
merous climatic changes and fluctuations in sea level. So why did they
all suddenly die 65 million years ago at the end of the Cretaceous pe-
riod? Russell argued that only an extraterrestrial event such as a super-
nova explosion could account for their extinction.16

The Alvarez Hypothesis
Walter Alvarez had the same problem as Georges

Cuvier, although he did not realize it at the time.17  In the late 1970s,
Alvarez, a geologist at the University of California at Berkeley, was study-
ing magnetic reversals in the rocks of the mountains near Gubbio, Italy,
where limestone strata cross the boundary between the Cretaceous and
Tertiary periods (abbreviated as the K/T boundary). Right at the bound-
ary was a centimeter-thick layer of clay. How long had that layer taken
to form? Alvarez discussed the problem with his father, Luis, a Nobel
Prize–winning physicist, who suggested that they use the element iri-
dium as a measure. Iridium is part of the platinum group of metals that
is very rare in the Earth’s crust but is common in meteorites. Since the
Earth is constantly bombarded by meteors that burn up in the atmosphere,
their dust should deposit a steady, albeit tiny, amount of iridium that
could act as a clock. In 1977 samples were sent to Berkeley for analy-
sis, with the expectation of finding about 0.1 ppb (parts per billion)
of iridium. Instead they discovered 9 ppb in a “spike” right at the
boundary. What could cause it? Three years later, after numerous false
starts and blind alleys, they published their conclusion: sixty-five
million years ago the Earth had been struck by an asteroid that had
killed the dinosaurs and most other forms of life on the planet.
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The Alvarez hypothesis touched off an enormous controversy that
lasted nearly twenty years. One of the reasons that it was so contentious
is that it conflated two distinct claims: first, that the Earth was struck
by a comet or asteroid sixty-five million years ago, and second, that this
impact caused a mass extinction at the end of the Cretaceous period.
One could logically accept the first claim and reject the second, although
few people on either side did.

The debate was unusual in a number of ways. First was its size. For
a scientific controversy, this was a huge debate, with more than twenty-
four hundred books and articles published by 1999. Second, unlike most
scientific arguments, it crossed disciplinary boundaries, involving ge-
ologists, paleontologists, astronomers, biologists, and physicists. New
institutions quickly evolved to accommodate the cross-disciplinary na-
ture of the questions, particularly the three “Snowbird” conferences
(named after the ski resort in Utah where the first two were held). Third,
the popular media reported the debate to an extraordinary degree, al-
most completely from the standpoint of the impact hypothesis. The di-
nosaur renaissance had made dinosaurs big business. For example, the
opening of the Royal Tyrell Museum changed Drumheller, Alberta, from
a sleepy town into a tourist destination for more than two million people
a year—and that was before Jurassic Park! Couple this public fascina-
tion with dinosaurs to several decades of apocalyptic thinking, and it is
easy to see why the popular media would create a bandwagon for the
Alvarez hypothesis.

Finally, the debate was characterized by exceptional acrimony and
bitterness. As William Glen reports in his extensive study of the debate,
scientists were quick to choose sides, even if they had little informa-
tion themselves, and once having declared for or against the hypothesis,
few changed their minds.18  Some geologists and paleontologists were
outraged that outsiders would trespass across their disciplinary bound-
aries. Paleontologist Robert Bakker told a reporter:

The arrogance of these people is simply unbelievable. They know
next to nothing about how real animals evolve, live and become
extinct. But despite their ignorance, the geochemists feel that
all you have to do is crank up some fancy machine and you’ve
revolutionized science. The real reasons for the dinosaur extinc-
tions have to do with temperature and sea-level changes, the
spread of diseases by migration and other complex events. In
effect, they’re saying this: “we high-tech people have all the an-
swers, and you paleontologists are just primitive rockhounds.”19

Much of the nastiness in the controversy originated with the leaders on
both sides. Luis Alvarez can be fairly described as aggressive and abrasive.
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Opponents who refused to accept his data were dismissed as incompe-
tent. Discussing the opposition to his theory, he said: “I don’t like to
say bad things about paleontologists, but they’re really not very good
scientists. They’re more like stamp collectors.”20  The opposition was
led by geologist Charles Officer of Dartmouth College, who charged that
the Alvarez hypothesis was “some kind of scam,” and, to the extent it
diverted resources from elsewhere, “the Alvarez hypothesis has been not
merely pathological science but dangerous to boot.”21  So bitter were his
personal attacks that one reviewer of his book commented: “The authors
characterize Luis Alvarez as little more than the devil incarnate, one of
the most extraordinary character assassinations of a recently deceased
person that I have ever read.”22  (We should note in fairness that, while
significant, this level of acrimony was still the exception and largely con-
fined to North America.)23

Debate over whether or not the impact occurred closed after the
Chicxulub structure in northern Yucatan, Mexico, was confirmed as the
impact crater in the early 1990s, and the impact of comet Shoemaker-
Levy 9 on Jupiter in 1994 demonstrated that impacts still occur in the
solar system and that they release enormous amounts of energy (although
a few holdouts, including Charles Officer, still deny the evidence). The
claim that the impact caused a mass extinction was more difficult to es-
tablish. Evidence for a catastrophic mass extinction at the end of the
Cretaceous has steadily mounted, but many details remain unclear, as
does the role of massive volcanic activity that was also going on at that
time. To understand the complexities of this debate, we will have to look
at how science is practiced.

The Practice of Science in the Debate
The controversy bears little resemblance to textbook

descriptions of how science operates as discussed in chapter 3. Through-
out this book we have described science as a practice. In order to un-
derstand the debate we will have to demonstrate what that involves.

French sociologist Bruno Latour has proposed a model for the prac-
tice of science using the circulatory system as a metaphor to describe
the activities of a typical scientific discipline.24  While there is consid-
erable merit in Latour’s model, there are a few limitations in applying
it to this situation. He describes “normal science” in a single discipline,
while we are dealing with a multidisciplinary controversy. However, if
we keep the components of Latour’s model (somewhat simplified) but
change his metaphor, we think it can be expanded to cover the debate
over the Alvarez hypothesis. In keeping with our extended metaphor,
we can describe the practice of science as itself a web (see fig. 8.1).

There are five components to the model. Radiating out from the hub
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are four groups of threads. To Latour, the mobilization of the world in-
volves all the means used to bring nonhuman nature into the argument.
In this study, that means rocks, fossils, and the instruments used to ana-
lyze them. Colleagues are other scientists. Allies are groups outside of
the controversy that are enrolled in support. These include funding agen-
cies, nonscientific groups, scientists who are not part of the debate, and,
in this one instance, a very timely comet. Public representation includes
the institutions of popular science, such as museums, and the media,
both scientific and popular. Tying the radial threads together are the cir-
cular threads, what Latour calls links and knots. These are the concepts,
theories, and hypotheses that tie together all the other threads. Without
the radial threads the web lacks substance and strength. Without the cir-
cular threads it would come apart—they are what make it a web.

Latour does not discuss what we call the outer links, but we think
they add an important element. These represent the cultural, political,
and scientific “background” we have just discussed. The inner links close
to the hub tie the web together more tightly than do the outer ones, which
make necessary connections between radial threads but are too loose and
distant from the center to hold the web together. So, for example, that
catastrophic thinking was “in the air” helps us to understand how the
theories of both Cuvier (who lived through the French Revolution) and
Alvarez were thought to be plausible.25  But on the other hand, this “back-
ground” was not strong enough to influence their contemporaries Jean-
Baptiste Lamark or Charles Officer.

While we will look at component threads as a group for analytical
purposes, we have to remember that the actual weaving is both simul-
taneous (various threads spun at the same time) and sequential (as im-
portant threads were added later). Thus Luis and Walter Alvarez and

Figure 8.1 Science as a Practice
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their team and supporters were like a spider busy spinning and tying
together threads to make a web. Adding new radial threads made the
web stronger and firmer, while more circular threads tied it together more
firmly. At the same time, their opponents were trying to cut the threads
and sometimes trying to appropriate them for their own rival web.

Mobilization of the World
Luis and Walter Alvarez began spinning their web

with only three wispy strands of iridium—the one from Gubbio, another
from Denmark, and a third independently discovered by Dutch geolo-
gist Jan Smits in Spain. Tying down their hypothesis would require a
“footprint” of an impact, a series of markers by which anyone could
determine if an impact had occurred.

The iridium anomaly was their first marker. Establishing it would
require much more fieldwork and the development of a new neutron
activation machine (done by Luis Alvarez himself) that could mass-produce
iridium analyses.26  By the time of the first Snowbird conference in 1981,
iridium anomalies had been discovered at thirty-six additional sites, and
by the late nineties the number had risen to more than one hundred.

Opponents of the impact hypothesis tried to cut the thread by de-
veloping an alternative explanation for the iridium. In the mid–1980s
Charles Officer and Charles Drake suggested that hot-spot volcanoes,
which presumably originate in the Earth’s mantle where iridium is
thought to be abundant, could have produced the anomaly. When Vincent
Courtillot, the eminent French volcanologist, dated the Deccan Traps in
India (massive basaltic lava flows 1,500 feet thick) to the K/T bound-
ary, it seemed that an alternative explanation had been found.27  But fur-
ther analysis showed the iridium of the anomaly to be two orders of
magnitude greater than that produced by volcanoes. The iridium thread
held.

More threads were soon added. A layer of soot found at the bound-
ary was interpreted as the result of mass fires, and a “fern spike” of spores
just above it indicated widespread disruption of plant life. Minerals
associated with known impacts, such as stishovite, spinel, and tek-
tites, were found. The most decisive discovery was the presence at the
boundary of shocked quartz. These microscopic deformations of quartz
crystals can be produced by only two known events—nuclear weapons
tests and meteorite impact. Here was a marker that was familiar and con-
vincing to geologists and that, as Courtillot admitted, is not produced by
volcanoes.28

By the time of the second Snowbird conference in 1988, many threads
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had been added to the web and tied down. The evidence for an impact
was strong if not yet overwhelming, but evidence that it had caused a
mass extinction was more equivocal. In particular was “the ghastly three
meter gap,” as paleontologist William Clemens called it, between the last
known dinosaur fossil and the boundary (and an even larger gap for am-
monite fossils, coiled-shelled relatives of the squid that had also gone
extinct). The “killing mechanisms” claimed by the Alvarez hypothesis
could, their opponents maintained, also be produced by volcanoes, and
the massive Deccan Traps stood as an alternative.29  There were still fea-
tures of the boundary layer in many places that could not be explained
(for instance, in places it seemed as if there had been more than one
impact). And most of all, where was the crater?

Colleagues
From the beginning, the controversy was an interdis-

ciplinary debate, and both sides had the problem of recruiting and re-
taining colleagues from other academic fields. The Snowbird conferences
were one means of doing that, since they were organized to discuss the
issues of the debate rather than the wide range of topics normally dis-
cussed at the usual discipline-specific meetings. On both sides interdis-
ciplinary work teams evolved, but, as William Glen points out, invariably
all members of a team were from the same side of the debate.30

There were two key variables in determining which camp a scien-
tist would join. The first was the influence of a magister, a trusted aca-
demic leader. Most scientists knew little about the issues of the debate
beyond their own field. Unlike the textbook image of the dispassionate
scientist carefully weighing all the data before making a decision, many
joined the debate based on the authority of a magister. As Glen reports:
“It is clear that the leadership of the various debates bearing on the K/T
mass extinction was in the hands of only one or a very few magisters,
to whom the community members deferred and to whom, all too fre-
quently, they turned to form and reform their opinions on evolving is-
sues” (81). This could cut two ways. There has been a long history, from
Lord Kelvin on, of prominent physicists pontificating on the earth sci-
ences—and being totally wrong. Luis Alvarez was up against the long-
held suspicion of many geologists and paleontologists for outside
magisters.

The second variable was the discipline, or in many cases subdisci-
pline, to which the scientist belonged. Physicists, geochemists, astrono-
mers, and planetary geologists tended to favor the Alvarez hypothesis.
These were people who were often familiar with meteorites, and, as Glen
comments, “resistance to the hypothesis seemed inverse to familiarity
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with impacting studies” (51). Geologists were skeptical. Paleontologists
were divided. Vertebrate paleontologists, with a few notable exceptions
such as Dale Russell, were strongly opposed. Micropaleontologists, with
a few notable exceptions such as Gerta Keller, were strongly in favor.
Invertebrate paleontologists were divided, with a few prominent mem-
bers such as Stephen Jay Gould and David Raup strong supporters but
with ammonite specialist Peter Ward opposed. Officer’s and Drake’s
rival volcanism hypothesis was greatly weakened when most volcan-
ologists refused to support it, but few of them supported Alvarez either.

Each camp used a different rhetorical strategy to try to win over col-
leagues. Faced with the burden of proof, the Alvarez camp followed a
strategy of strict actualism. Glen notes, “however radical or catastrophic
their hypothesis, from the outset the impactors have mainly invoked ca-
nonical standards and knowledge in advancing their several lines of
evidence” (55). This strategy was to pay dividends. “[Bruce] Bohor’s seem-
ingly miraculous find of shocked quartz, evidence that was familiar to
and well understood by the geologic community, went far in attracting
the attention of many who had initially viewed the ‘black box’ iridium
of ‘alien’ nuclear chemists as somehow dismissible” (47). Colleagues were
tied into the web when convinced by the epistemic culture, that is, the
norms and evidentiary standards, of their own discipline.

A second strategy was to attack the principle of uniformitarianism.
Historical and philosophical discussion is common among supporters
of the Alvarez hypothesis, who argue that Lyell’s and Darwin’s principle
had become the dead hand of orthodoxy. In doing so, they tried to appro-
priate to themselves the myth of the heroic scientist standing alone against
authority (see chapter 3). It was not a strategy that won them any friends.
Very few of their opponents ever invoked Lyell or Darwin.31

By contrast, the other side was a group only to the extent that they
were united in opposition to the Alvarez hypothesis. Opponents brought
forward various arguments, many of which were contradictory. Some
denied the existence of any mass extinctions; others agreed that mass
extinctions had occurred but argued that they were gradual processes
of climate and sea level change; still others were as catastrophic as
Alvarez but saw volcanoes as the culprit. The one common strategy of
the opposition was to insist on ever higher standards of evidence, which
led David Raup to comment: “That the burden of proof should be with
the new (and revolutionary) theory is reasonable, but the standards that
have been demanded are far higher than is normal in science, and far
higher than is practiced by most of its participants.”32  One of the causes
of acrimony in the debate was the demand by some opponents for higher
standards from the Alvarez camp than they themselves practiced.33
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Allies
The strongest allies Luis and Walter Alvarez had were

H-bombs. What they were hypothesizing was so far beyond human ex-
perience that before 1953 it would have been very difficult even to de-
scribe a measure to which an impact could be compared. Thermonuclear
weapons gave them a basis for such a comparison. Throughout the lit-
erature, the force of the impact is measured in equivalent megatons of
nuclear weapons (actually, in millions of megatons). But the connection
does not end there. Early in the 1980s Carl Sagan and others used the
Alvarez hypothesis to argue that a nuclear war might also trigger an
extinction-level event, which came to be called nuclear winter. As a re-
sult, studies undertaken by various scientific groups sought a threshold
of environmental damage that might trigger extinction.34  These studies
enhanced the understanding of “killing mechanisms” that might have
been part of an impact as well. They also added a political dimension
to the debate, as scientists’ attitudes toward the arms race and the Stra-
tegic Defense Initiative (SDI) were drawn into the arguments.

Other allies were more usual for the practice of science, the public
and private funding agencies. Particularly important here was the Lu-
nar and Planetary Institute, which was the major financial support for
the Snowbird conferences and which, while officially neutral, was im-
plicitly an ally of Alvarez in that it took the hypothesis seriously enough
to fund conferences about it.

One tactic in a scientific dispute is to deny rivals money to do re-
search. Some on both sides charged that their opponents were using their
positions in university departments and on the review boards of fund-
ing agencies to block research grants.35  It is easier to prevent a thread
from being spun than to cut it out of a web later.

Public Representations
It is hard to imagine either the scope or intensity of

the controversy if it had not been about dinosaurs. Trilobites and am-
monites may have been interesting creatures that also suffered mass ex-
tinction (the ammonites at the same time as the dinosaurs), but their
disappearance does not stir much emotion among either scientists or the
public. Dinosaurs, on the other hand, inspire passion. That level of feeling
was both created by and reflected in the public representations of the
debate. And because the debate was interdisciplinary, public represen-
tations played a larger than usual part in the controversy.

Dinosaurs were key to sparking interest both in other scientists and
in the public. Autobiographical accounts from scientists in many fields
indicate that they first became interested in science itself through their
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childhood fascination with dinosaurs. In this they did not differ from
the general public, who, as sociologist Elizabeth Clemens reports, had
been conditioned by museums and popular science presentations (par-
ticularly children’s science literature) to practically identify dinosaurs
(and one or two other groups of animals such as mammoths) with pre-
history and evolution.36  The Alvarez hypothesis appealed both to sci-
entists from a variety of disciplines and to the public because they
“already knew” about dinosaurs. As Clemens concludes:

Popular science influences scientific debate at the level of both
cognition and material interests. To the extent that the general
scientific community “already knows” that a particular question
is interesting or significant, interdisciplinary conversation—if
not necessarily research—is more likely to develop. To the ex-
tent that the general public, and particularly those non-scientific
elites who control resources, already knows that a question is
reasonable and important, it will be easier to secure funding for
that line of research. Consequently, structures of popular inter-
est can create asymmetries even within a single research effort.37

One of these asymmetries was with paleontologists, whose professional
training forced them to “unlearn” what popular science had taught them
about evolution and extinction. They were therefore conditioned not to
be receptive to the Alvarez hypothesis, which many saw as simplistic
and unprofessional.

Other asymmetries appeared in the media. Because the impact hy-
pothesis was dramatic, the popular media were attracted to it at once.
Coverage was extensive and, with the notable exception of the New York
Times, mostly favorable. Many simply presented the hypothesis as fact.
Coverage in the scientific media was somewhat unusual. A dispropor-
tionate number of reports and articles about the debate appeared in the
general science magazines Science and Nature, rather than in special-
ized disciplinary journals. Given the interdisciplinary nature of the dis-
cussions, this is perhaps not too surprising. With the huge volume of
literature, and the inherent difficulty in mastering technical material
outside one’s own field, many scientists relied upon general science jour-
nals and even the popular media for much of their information.

How the combatants viewed the media depended on how they were
being reported on that day. By and large, the Alvarez camp was much
more successful in tying the institutions of popular science, the media,
and the general science press into their web. This led Officer to com-
plain of bias in the media, particularly on the part of Science.38
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Links, Knots, and Closure
Luis and Walter Alvarez began with meager evidence

and a bold assertion. If scientific concepts are what tie together the web
of scientific practice, at first the impact hypothesis was a granny knot.
The Alvarez team was successful because it was eventually able to tie
together a large assortment of rocks, colleagues from several disciplines,
nuclear winter, funding agencies, and the popular and scientific media
into a web that held in spite of buffeting by the opposition. The Alvarez
opponents failed because they were unable to tie together sufficient
threads of their own.

The first link—the first of the circular threads in the web—was the
original statement of the hypothesis in 1980. The iridium spike provided
prima facie evidence for an impact, but that the impact had caused a
mass extinction was conjecture. The fossil record at the time apparently
showed a gradual dwindling out of species across the K/T boundary. An
important link to tie fossils into the hypothesis was presented in a pa-
per by Philip Signor and Jere Lipps at the first Snowbird conference in
1981.39  The Signor-Lipps effect, as it came to be known, demonstrated
that sampling effects could make a mass extinction appear gradual. It
works something like this. Moose are less common than gophers. If we
assume that a moose was fossilized, say, every one thousand years and
a gopher every one hundred years, and that both species became extinct
at the same time, moose would seem to disappear from the fossil record
before gophers. Therefore the supposed decline in diversity of dinosaurs
and ammonites just before the end of the Cretaceous could be accounted
for as an artifact of sampling.

As more and more radial threads were tied in, the linking knots of
the hypothesis became stronger and tighter and the challenge facing op-
ponents more difficult. As soot and the fern spike and shocked quartz
and the other markers were each added to the web (or, to put it in more
traditional language, as the hypothesis was able to encompass a broader
range of empirical data), each became stronger through its association
with the others, and the connections between them became more diffi-
cult to contest. As more colleagues and allies were recruited, the hy-
pothesis grew from the opinion of half a dozen individuals to the
considered judgment of scores of scientists and the record of interna-
tional conferences.

By the time of the second Snowbird conference in 1988, those fa-
voring the Alvarez hypothesis were clearly in the majority. But several
unsolved problems prevented debate from closing. Even taking the Signor-
Lipps effect into account, there appeared to be significant gaps between
the impact boundary and the last ammonites and dinosaurs. In a number
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of places the K/T boundary appeared to show more than one impact.
And particularly vexing was the absence of a crater. By 1990, some were
suggesting that the hypothesis needed modification. Maybe there was
more than one impact. Maybe the extinctions were in steps instead of
all at once. And what role did the Deccan volcanic eruptions play? The
knots were beginning to loosen.

The publication of the Alvarez hypothesis inspired a worldwide
search for the impact crater. There were good reasons not to expect to
find it. In sixty-five million years it could have been eroded away or
buried under later sediment, or the meteorite could have struck in the
ocean. In 1984 it was suggested that the Manson structure in northwestern
Iowa could be an impact crater. A team of scientists was formed to study
it, and preliminary reports indicated that it was indeed a buried impact
crater of about the right age. Some believed that the crater had been found,
but the evidence didn’t hold up.40  At thirty-seven kilometers in diam-
eter, it is much too small to have generated the K/T mass extinction. By
the early nineties, chemical analysis showed the Manson rocks to be dif-
ferent from many of the K/T boundary markers, and more reliable dat-
ing indicated that the crater was nearly ten million years too old. The
Manson thread broke.

Then in 1991 several threads were added that tightened the knots
again. Peter Ward, one of the world’s foremost ammonite specialists, had
opposed the Alvarez hypothesis. His own work on the cliffs near Zumaya,
Spain, had shown a gap of more than nine meters between the last am-
monite and the K/T boundary. Provoked by Alvarez, he returned to the
cliffs and found a few poorly preserved shells just below the boundary.
Were ammonites absent because they were all dead, or had they simply
gone elsewhere? Ward moved down the coast to another area and, as he
reports: “I was overjoyed to find a score of ammonites within the last
meter of Cretaceous rock during the first hour at Hendaye. In fact, I found
more ammonites here than any other fossils.”41  Ammonites had lived
right up to the K/T boundary, and Peter Ward became one of the few
scientists in the controversy to change sides.

A similar three-meter gap existed for dinosaurs, and many paleon-
tologists argued that dinosaurs were declining in diversity before they
slowly disappeared. To find out for sure, Peter Sheehan of the Milwau-
kee Public Museum organized teams of volunteers who collectively spent
fifteen thousand hours of fieldwork scouring the Hell Creek formation
in western North Dakota and eastern Montana. In 1991 he reported his
findings: “The results indicate that there is no statistically meaningful
drop in the ecological diversity of dinosaurs through the Hell Creek for-
mation. . . . Although Hell Creek dinosaurs have long been invoked as
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documenting a gradual extinction, our data from the Hell Creek are com-
patible with abrupt extinction scenarios.”42  The dinosaur gap had also
been closed. A team of Indian scientists tightened the knot even more
at the third Snowbird conference in 1994. They reported finding the K/
T boundary in the third intertrappean (layers of sedimentary rock be-
tween the layers of basaltic lava in the Deccan Traps). Dinosaur fossils,
including eggshells, were found just below the boundary.43  Not only was
this further evidence that dinosaurs had lived right to the end of the
Cretaceous, but also the Deccan Traps had to be ruled out as the imme-
diate cause of their extinction.

Finally, in 1991 Canadian geologist Alan Hildebrand, together with
several geologists from PEMEX, the Mexican oil company, reported the
discovery of an enormous impact structure (at least 175 km in diameter)
buried in northern Yucatan, Mexico, which they called Chicxulub. By
the third Snowbird conference the evidence was pouring in: The K/T
impact crater had been found. The last threads were tied into place.

A few months after that conference a final ally arrived to close the
debate over impact. In July 1994, comet Shoemaker-Levy 9, which had
broken into fragments, slammed into Jupiter with a total force estimated
as several million megatons. For the first time in human experience, sci-
entists witnessed what the impact of a comet could do.

So what happened at the end of the Cretaceous? Current reconstruc-
tion is that an object (most likely a comet) about ten kilometers in di-
ameter struck just off the coast.44  Coming in at an angle of thirty to sixty
degrees from the southeast, the object exploded on impact with the force
of one hundred million megatons. Ejecta were blown out of the crater
on different trajectories, which accounted for the appearance of multiple
layers at some sites. The shock wave flattened trees up to 1,000 km away,
huge tsunamis ravaged the coasts, a magnitude-thirteen earthquake was
triggered, and a heat pulse ignited forests up to 5,000 km away. As red-
hot ejecta fell back to Earth, fires spread all over the planet. A dust cloud
blocked out sunlight, dropping temperatures and killing plants and plank-
ton in the sea—an impact winter. Because the basement rock in the
Yucatan was rich in sulfur, acid rain finished what the cold and dark-
ness had begun, and the food chain collapsed. As the skies cleared, the
cold was replaced by heat as gases released by the impact produced a
greenhouse effect. By the time it was over, approximately 70 percent of
the species on Earth were dead.

Death from Above or Death from Below?
As debate over the existence of an impact at the

K/T boundary ended, debate over its significance intensified. Was it an



152 W E B S  O F  R E A L I T Y

isolated event, a random occurrence in Earth history? Or is the Earth
regularly bombarded, causing a cycle of mass extinctions? The end of
the Cretaceous was not the only mass extinction, nor was it the largest.
Scientists have identified five major mass extinctions and perhaps as
many as twenty lesser ones over the past 500 million years. The largest
of these, at the end of the Permian period 250 million years ago, killed
90 to 95 percent of the species on Earth. Although claims that mass ex-
tinctions fall into a periodic cycle are disputed, it does appear they hap-
pen regularly. Two theories attempt to explain why.

Some maintain that the Earth is regularly bombarded from space.
Geologists have identified more than one hundred impact craters, at least
twenty of which are larger than thirty-five kilometers in diameter (Chicxu-
lub is the third largest).45  Some of these, together with iridium anoma-
lies, shocked quartz, and other elements of an impact footprint have been
associated with mass extinctions, including three of the five major ones
(the late Devonian, end-Triassic, and K/T). Charles Frankel summarizes:
“Out of 25 mass extinctions tentatively identified in the fossil record,
six are associated with significant evidence of impact. . . . Seven other
mass extinctions are associated with lesser iridium anomalies. . . . That
between a quarter and a half of all mass extinctions in the fossil record
appear to be connected with impacts is remarkable, especially since re-
search in the field has just begun.”46  To these scientists, Earth history
is punctuated by death from the skies.

Others are not convinced. Vincent Courtillot, who has long opposed
the Alvarez hypothesis, admits that the evidence for an impact-caused
mass extinction at the K/T boundary is compelling, although he main-
tains it came as a coup de grâce to a biosphere that was already severely
stressed by the eruption of the Deccan Traps. But, he says, there is no
unequivocal evidence that an impact caused any other mass extinction.
Instead, he finds a close correlation between basaltic flood volcanism
and extinction. “Among the 12 traps younger than 300 Ma [million years
ago], at least nine can be associated with a major extinction. Seven of
the ten principal extinctions can be associated with an episode of mas-
sive basaltic volcanism.”47  Most dramatic are the gigantic Siberian Traps
that coincide with the extinction at the end of the Permian period. For
Courtillot and his supporters, Earth history is punctuated by death from
the mantle.

Which of these hypotheses will eventually triumph remains to be
seen. Some scientists are trying to combine them into a grand unified
theory of Earth systems, in which impacts trigger basaltic flood volcan-
ism and both cause mass extinctions, although so far without a great deal
of success.48  However the debate comes out, though, it is clear that the
gradualist uniformitarianism of Lyell and Darwin is being supplanted
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by a much more catastrophic view of the history of the Earth. It may
very well be, as David Raup suggests, that we have chosen to live on an
unsafe planet. 49

Aut Logos Aut Cosmos?
What does it mean to live on an unsafe planet? Ian Bar-

bour observed, “our understanding of God’s relation to nature always
reflects our view of nature.”50  The Alvarez hypothesis forces us to reevalu-
ate a number of the assumptions found in the science-religion dialogue.

The first issue it forces us to rethink is the meaning of evolution.
For Darwin, evolution through natural selection meant “survival of the
fittest.” As we have seen, Darwin believed that extinction came at the
end of a long struggle between species in which the inferior was elimi-
nated by the more fit. Scientists today are less ready to see “nature red
in fang and claw” than Darwin was, but the idea of “fitness” has per-
sisted, now defined as differential reproductive success (that is, more
surviving offspring). For example, Ursula Goodenough writes: “Genomes
that create organisms with sufficient reproductive success to have vi-
able offspring are able to continue into the future; genomes that fail, fail.
Reproductive success is governed by many variables, but key adapta-
tions have included the evolution of awareness, valuation, and pur-
pose.”51  The only problem with this, as David Raup notes, is that there
are no empirical tests for “fitness,” and “the only evidence for the infe-
riority of victims of extinction is the fact of their extinction—a circular
argument.”52  In an Earth history punctuated by catastrophes, survival
goes not to the fittest but to the luckiest. When the fire comes by, aware-
ness, valuation, and purpose may count for a lot less than how low a
species lives on the food chain. For example, were dinosaurs less fit than,
say, mammals? No. Mammals and dinosaurs coexisted for most of the
Mesozoic era in which dinosaurs were clearly the dominant terrestrial
vertebrates. They were larger, faster, stronger, and smarter than the mam-
mals of their day. They enjoyed great reproductive success for 160 mil-
lion years. Yet, when the catastrophe came, our ancestors were lucky.
Half of the mammal species died alongside the dinosaurs, but enough
breeding pairs were left among the others, hiding in their burrows and
eating seeds and insects and carrion, to repopulate the suddenly vacant
niches as the biosphere recovered. Paleontologist Kenneth Hsü reflects:

The law of the survival of the fittest may be, therefore, a tautol-
ogy in which fitness is defined by the fact of survival, not by
independent criteria that would form the basis for prediction. . . .
If most extinctions are caused by catastrophes, then chance, not
superiority, presides over who shall live and who shall die.
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Indeed, the whole course of evolution may be governed by
chance, and not reflect at all the slow march from inferior to
superior forms so beloved of Victorians, and so deeply embed-
ded in Western thought.53

Evolution may not be the history of gradual progress that Darwin thought
it was.

This reopens the question of theodicy. Darwin’s theodicy—that death
and suffering are incidental to evolutionary progress—is common in the
science-religion dialogue. Extinction is a nonissue. Ian Barbour is typi-
cal: “Competition and death are intrinsic to an evolutionary process. Pain
is an inescapable concomitant of greater sensitivity and awareness, and
it provides a valuable warning against external danger.” Michael Ruse
is even more explicit: “Physical evil exists, and Darwinism explains why
God had no choice but to allow it to occur. He wanted to produce
designlike effects—without producing these He would not have organ-
isms, including humankind—and natural selection is the only option
open. Natural selection has costs—physical pain—but these are costs that
must be paid.” Keith Ward is one of the very few who even mentions
mass extinction: “The dinosaurs . . . were selected by the ecosystem as
good perceivers and agents, but for various reasons they proved to be
an evolutionary dead end. . . . Then the ecosystem selected a new set of
mutating organisms, which ended in Homo sapiens.” Dinosaurs were
selected out, and, however improbably, we were selected in. Even John
Haught, whose profound meditation God After Darwin is one of the few
books to take the question of theodicy seriously, relates a story of evo-
lutionary progress without catastrophic interruptions.54  At its root, all
of this is still Whig history. Evolutionary progress produced human con-
sciousness—us—so all the pain and death must be worthwhile. It is an
extremely human-centered view of nature. Mass extinction, however,
challenges the basis of Darwin’s theodicy.

Every theodicy is a story that attempts to create meaning in a limit
situation, a situation that is inherently meaningless. Darwin’s theodicy
has been successful for so long because it has allowed people to make
sense out of what John Polkinghorne calls “natural evil.” Polkinghorne
distinguishes between moral and natural evil (called physical evil by
some). Moral evil is the result of the choices made by humans, what in
traditional theological language is called sin. Natural evil is that which
arises out of the working of the world itself; disease and storm and
drought and earthquake. Mass extinction is an extreme form of natural
evil. Of course, the two may be connected, as when human actions place
people at greater risk of natural disaster.55

Polkinghorne sets out the criteria that any theodicy must meet: “It
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is to suggest that the world’s suffering is not gratuitous but a necessary
contribution to some greater good that could only be realized in this
mysterious way. The problem of evil is to be met by setting it within
that wider context in which it can dissolve into fulfillment.”56  So moral
evil is explained by stories of the Fall and the apocalypse, of slavery
and liberation, of sin and redemption, of forgiveness and reconciliation.
Natural evil, however, is more difficult to explain.

Most religions respond to limit situations through symbol and myth,
not through investigations into nature. Much of the science-religion dia-
logue differs in that it claims that evidence of God’s revelation can be
found in the “book of nature” as well as the “book of Scripture.” For
example, natural theology and Intelligent Design theories try to justify
natural evil (to the extent they discuss it at all) by appealing to some
grand design in nature, but these approaches end up making the Cre-
ator into a monster. The God who designed beauty and complexity must
therefore also be the author of suffering and death. Others, such as de-
ism, postulate a remote Creator who, having made the world, now stands
aside and lets it run according to its own laws. God made the world.
One of its properties is to quake. But this God is callous, indifferent to
the suffering inflicted upon the creation. Darwin’s theodicy avoided this
contradiction by not invoking a creator, but he still sought to justify suf-
fering and death through the immanent fulfillment of progress. To do
this, however, he had to deny the existence of catastrophes in Earth his-
tory because the randomness and sheer scale of mass extinction events
mock any notion of progress. The Alvarez hypothesis falsifies Darwin’s
theodicy.

Polkinghorne’s own solution is what he calls the free-will defense
applied to nature. “In his great act of creation I believe God allows the
physical world to be itself,” he says. “That world is endowed in its fun-
damental constitution with an anthropic potentiality that makes it ca-
pable of fruitful evolution. The exploration and realization of that
potentiality is achieved by the universe through the continual interplay
of chance and necessity within its unfolding process.”57  This approach
avoids making God into a bloody-handed puppet master, but in the end
it is only a very sophisticated version of Darwin’s theodicy. How can
one square any “anthropic potentiality” with death on the scale of a mass
extinction?

Perhaps there is no theodicy that is compatible with the discover-
ies of science. There was always a tension in the Hebrew Scriptures be-
tween the God of the Exodus, a God of history who liberates and redeems,
and the nature deities of Israel’s neighbors. The German philosopher Ernst
Bloch expressed the tension inherent in biblical religion as “aut Logos
aut Cosmos,” either the Word or the Creation.58  It is a tension, not an
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absolute break or division. Although some religions, such as Manichean-
ism and Gnosticism, opt for dualism and solve the problem by declar-
ing nature to be evil, biblical religion begins by declaring the Creation
to be good. What Barbour calls “integrationist” approaches have a par-
ticular difficulty in that they are committed to harmonizing science and
religion, which requires removing the tension between Word and Cre-
ation. That may prove to be an insurmountable obstacle.

In the end, all we are left with are symbols. At the end of his re-
flection on evil, Polkinghorne concludes: “In the lonely figure hanging
in the darkness and dereliction of Calvary the Christian believes that
he sees God opening his arms to embrace the bitterness of the strange
world he has made.”59  In the face of moral and natural evil, with suf-
fering and death, be it of a single child or of a mass extinction, we have
only the symbol of a crucified God.
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The Science Wars
There are more things in heaven and earth, Horatio,
Than are dreamt of in your philosophy.

—Shakespeare
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9

Mystery, that which is unknown, is the final category
of religious thought, according to Weber. Somewhat

ironically, Weber was also one of the originators of the idea of a value-
free objective science. What is the relationship between mystery and ob-
jectivity, and does it mean that conflict between science and religion is
inevitable? The so-called science wars answered that it does and raised
in dramatic form many questions that also lie at the heart of the science-
religion dialogue. Using the science wars as a foil, in this final section
we argue that there is a necessary tension between the poles of mystery
and objectivity. Truth is found in the tension between them, and is lost
when the tension is abandoned for one pole or the other. The social sci-
ences can bring a crucial means of understanding and retaining this ten-
sion to the science-religion dialogue.

At several points throughout this book, we have touched on the sci-
ence wars, which received a significant level of attention in academic
circles and in the popular media throughout the 1990s. While we would
agree with many others that the science wars appear to be petering out,
an analysis of this controversy will set the stage for our comments on
objectivity and mystery. There are a number of good reasons for doing
such an analysis. First, the science wars represent an extreme form of
the conflict perspective, and therefore they provide a mechanism for clari-
fying those issues that are at the heart of the controversy, while at the
same time they help to demonstrate the absurdity of absolutist positions.
Second, the science wars show how the popular media can sometimes
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distort and sustain discourse through their defense of those whom they
think represent the majority view, and through their often relentless and
misguided attacks on those whom they perceive as challengers to the
status quo. Third, the science wars help to point out the inherent social
dangers of the sort of naïve realism that is characteristic of too much
scientific thought.

From our perspective, objectivity and mystery are in some ways at
opposite ends of a spectrum of understanding. We call something ob-
jective when we no longer associate a high level of anxiety with the mean-
ing that we attach to that thing. For example, most of us have a high
level of comfort operating in our daily lives, secure that most of what
we will encounter while walking or driving a car can be explained by
Newtonian physics. At the other end of the spectrum, we call something
a mystery when there is a high level of anxiety attached to its meaning.
So, for example, when it comes to our salvation, we are anxious and
uncertain, and whether it is because our knowledge is deficient or be-
cause it is beyond knowing, the fact remains that salvation is a mys-
tery. At the heart of the science wars is an attempt to use objectivity to
repress mystery. The form this takes is an obsession with the purported
dangers of relativism.

The science wars emerged in an environment where support for the
construction of large-scale scientific research facilities was coming un-
der constant attack by government, industry, and academic institutions.
The international space station program underwent, and continues to
be subjected to, a series of downsizing modifications that in the opin-
ion of many will render it little more than a showpiece, rather than the
monument to scientific accomplishment and collaboration it was meant
to be. In the United States, the cancellation of the superconducting
supercollider was condemned by some as a move back to the Dark Ages.
The event was supposedly a clear sign that contemporary U.S. society
had little appreciation of the need for scientists to carry out fundamen-
tal research, coupled of course with the need for members of that soci-
ety to provide billions of dollars in support of such research. Scientists
felt threatened. For centuries, they had improved the quality and quan-
tity of human life on the planet, conquering superstition, and harness-
ing nature. Or had they? Aided by the media, and claiming both the moral
and intellectual high ground, certain members of the scientific commu-
nity embarked on a campaign to demonstrate that they in fact had.

We will trace the conduct of the science wars through four major
events (skipping some of the smaller skirmishes). The science wars be-
gan when biologist Paul Gross and mathematician Norman Levitt pub-
lished Higher Superstition in 1994, and the wars spread after a New York
Academy of Sciences conference in 1995.1  The most intense conflict was
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during the Sokal affair of 1997–1999. Things were already quieting down
when Levitt came out with his own book in 1999.

Gross and Levitt began the science wars by accusing an “academic
left,” made up of postmodernists, feminists, multiculturalists, and radi-
cal environmentalists, of seeking to undermine the foundations of science.
They argue that these initiatives are characterized by “open hostility”
not just toward the content of scientific knowledge, but “toward the as-
sumption, which one might have supposed universal among educated
people, that scientific knowledge is reasonably reliable and rests on a
sound methodology” (2). This statement appears bold, if not uninformed,
in light of the material that we have presented throughout this book re-
garding a number of ongoing and unresolved debates over various as-
pects of science. Among other things, we have shown that there is no
clear consensus, even among scientists, on how to demarcate (on the
basis of methodology or otherwise) science from nonscience, just as there
is no clear, single understanding of the relationship between theory and
evidence. Gross and Levitt go on to warn that the greatest danger aris-
ing from these initiatives is not with respect to science itself, but rather
that “what is threatened is the capability of the larger culture, which
embraces the mass media as well as the more serious processes of edu-
cation, to interact fruitfully with the sciences, to draw insight from sci-
entific advances, and, above all, to evaluate science intelligently” (4).
So, not only do the authors present and defend a monolithic and largely
taken-for-granted conception of science, but also they are of the opin-
ion that science is, for the most part, immune from the attacks, or con-
structive criticism, of those in the academy who do not share this view.
For Gross and Levitt, it is the public that is at greatest risk. What the
authors appear to suggest is that, in order for the public to evaluate and
benefit from the work done by scientists, and at the same time to pro-
tect themselves from the antiscience rhetoric of the left, they must ac-
cept the scientists’ definition of what science is.

Gross and Levitt construct their argument around the analysis of what
they have determined to be four distinct but related efforts to assess
science from within the broader category of cultural studies: social (cul-
tural) constructivist, postmodernist, feminist, and radical environmen-
talist. These areas are distinct in that they each reflect certain “doctrinal
idiosyncrasies” (for example, sexism on the part of feminists), but they
are related inasmuch as they all represent some form of radical relativ-
ism, with respect to the ontological, epistemological, and methodologi-
cal foundations of modern Western science. So, for example, Gross and
Levitt select the work of sociologists and historians of science Stanley
Aronowitz, Bruno Latour, Steve Shapin, and Simon Schaffer to repre-
sent the social constructivist perspective. They believe these scholars
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are attempting to demonstrate how social and political factors, particu-
larly as they relate to the struggle over material and human resources,
turn science into a power game, in which references to reason and evi-
dence are merely rhetorical tools. In an effort to turn the tables and point
out the “value-laden” nature of social constructivism, Gross and Levitt
conclude that “the central ambition of the cultural constructivist pro-
gram—to explain the deepest and most enduring insights of science as
a corollary of social assumptions and ideological agenda—is futile and
perverse. The chances are excellent, however, that one can account for
the intellectual phenomenon of cultural constructivism itself in precisely
such terms” (69; emphasis in original). Here, we find a restatement of
the traditional view of what constitutes the legitimate purview of the
sociology of science, namely, the investigation of the social aspects of
science (context of discovery), but not of the internal workings of sci-
ence (context of justification).

For their analysis of postmodernism, Gross and Levitt select phi-
losopher Steven Best, Andrew Ross (coeditor of Social Text, who coined
the term science wars), and literary critic N. Katherine Hayles. Post-
modernist scholars are accused of treating “science as metaphor,” and
of playing a sort of “intellectual hooky,” thinly disguised as philosophy.
According to Gross and Levitt, most postmodernists hold that “‘reality’
is chimerical or at best inaccessible to human cognition, and that all hu-
man awareness is a creature and a prisoner of the language games that
encode it, (thus) it is a short step to the belief that mastery over words,
over terminology and lexicon, is mastery over the world” (74). The catch
is that, in the authors’ opinion, postmodernists rarely make the effort to
understand the meanings of the words they use in their critiques of those
that use them. In other words, before some term used by physicists, say,
can be used in some other context, it is incumbent upon the borrower
first to discover what physicists mean by that term. For example, both
Best and Hayles are accused of totally distorting what physicists and
mathematicians understand by “chaos theory,” and its related vocabu-
lary of nonlinearity, fractal geometry, and so on, thus reverting to the
“magical, emblematic thinking of pre-modern (rather than postmodern)
times” (105). Postmodernists, freed from the ideological encumbrances
of scientists, claim to see more “meaning” in these words than even the
scientists are aware of. “Virtually all of them claim to discern impor-
tant intellectual themes and political motifs in past and current science,
themes and motifs that are quite invisible to the scientists themselves.
These supposed insights rest, as we have seen, on a technical compe-
tence so shallow and incomplete as to be analytically worthless. Their
arrogance, then, is comparable to that of “‘creation scientists’ in address-
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ing evolutionary biology, or to that of Galileo’s persecutors within the
Inquisition in their response to his cosmology” (106). Again, as with their
critique of the social constructivists, Gross and Levitt are supporting an
internalist conception of science that is assumed to be true, and that can-
not be proven to be false except on its own terms.

With respect to feminism (represented by Sandra Harding, Helen
Longino, and others), the argument is basically the same. Gross and Levitt
state: “What begins as an epistemological inquiry into science ends as
familiar anti-science tricked out in the ambient clichés of the business—
science ‘harnessed to the making of money and the waging of war’—the
old moral one-up womanship, and the call to political action. It ends
with the universal complaint of religious zealots, utopians, and totaliz-
ers generally” (148; emphasis in the original). All members of the “aca-
demic left” are viewed as “totalizers,” whom Gross and Levitt define as
those with “the impulse to bring the entire range of human phenomena
within the rubric of a favored doctrinal system” (225). Science, for Gross
and Levitt, is not doctrine, for it is based on logical reasoning and the
rules of evidence. Similarly, the “actions” of science are superior to the
“talk” of other disciplines. As they conclude with respect to so-called
radical environmentalists (represented primarily by Carolyn Merchant),
“it is self-evident that a 1 percent improvement in the efficiency of photo-
voltaic cells, say, is, in environmental terms, worth substantially more
than all the utopian eco-babble ever published” (178).

The remainder of Gross and Levitt’s text is devoted to the reitera-
tion of similar arguments, with evidence of the social constructivist and
relativistic distortion of the scientific “reality” associated with such phe-
nomena as the AIDS epidemic, the animal rights movement, and
Afrocentrism (multiculturalism) in science education. In a chapter titled
“Why Do the People Imagine a Vain Thing?,” the authors’ critique turns
away from objective analysis toward the kind of zealotry they rail against
throughout their text. In blatant support of the “intellectual hegemony
of Western science,” they state: “No other civilization bears a like gem.
Thus science becomes an irresistible target for those whose sense of their
own heritage has become an intolerable moral burden” (220). Gross and
Levitt conclude their book by returning to an examination of the conse-
quences of the science wars. Here, they highlight the destructive nature
of the failure to respect academic colleagues, regardless of their disci-
pline, the (re)creation of a schism in the academy, the debasement of
science education at all levels, and what they refer to as the “inanition”
(to make inane) of public discourse (248). By way of an illustration of
inanition, and as a closing comment on Higher Superstition, we offer
this “thought experiment” by the authors.
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If, taking a fanciful hypothesis, the humanities department of
MIT (a bastion, by the way of left-wing rectitude) were to walk
out in a huff, the scientific faculty could, at need and with
enough release time, patch together a humanities curriculum,
to be taught by the scientists themselves. It would have obvi-
ous gaps and rough spots, to be sure, and it might with some
regularity prove inane; but on the whole it would be, we imag-
ine, no worse than operative. What the opposite situation—a
walkout by the scientists—would produce, as the humanities de-
partment tried to cope with the demand for science education,
we leave to the reader’s imagination. (243)

The blatant arrogance and closed-mindedness reflected in this sort of
comment is unbelievable in the contemporary world.

The second major event of the science wars was a conference held
by the New York Academy of Sciences in 1995 on the issues raised by
Gross and Levitt. They, along with Martin Lewis, edited the conference
papers into a volume called The Flight from Science and Reason.2  In
this book, more than forty authors reiterated the threats first articulated
by Gross and Levitt to the biological and physical sciences from the hu-
manities, from the environmental movement, from shifting attitudes in
healthcare, and from within the education system. Of particular inter-
est to us is the fact that four chapters were devoted to the threats to sci-
ence posed by religion. Even though these chapters contain familiar
rhetoric against biblical fundamentalism and so-called creation science,
at least one author appeared to make a concession to the importance and
validity of a religious perspective. Eugenie Scott suggested that scien-
tists accept the fact that most Americans choose to believe in God and
want to retain their faith.3  This faith, she said, does not prevent them
from understanding and accepting scientific explanations for such phe-
nomena as evolution. Further, she recommended that scientists refrain
from making theological pronouncements and accept to some extent that
metaphysical discussions do not lend themselves to the same method-
ological rigor as science.

The third major event in the science wars occurred when physicist
Alan Sokal published an article, “Transgressing the Boundaries,” in a
special issue of the cultural studies journal Social Text devoted to re-
sponses to Gross and Levitt’s book.4  The article, which presented a “her-
meneutics of quantum gravity,” was accepted as a serious and legitimate
contribution to the cultural studies of science, but Sokal had purposely
duped the editors. In an interview in which he describes how he wrote
the article, Sokal says: “I structured the article around the silliest quo-
tations about mathematics and physics from the most prominent aca-
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demics, and I invented an argument praising them and linking them to-
gether. All this was very easy to carry off, because my article wasn’t
obliged to respect any standards of evidence or logic.”5  Sokal’s inten-
tion was to provide support for Gross and Levitt’s evaluation of the cul-
tural studies of science by demonstrating that cultural studies journals,
lacking any rigorous criteria with which to judge sound scientific work,
would publish any “article liberally salted with nonsense if (a) it sounded
good and (b) it flattered the editors’ ideological preconceptions.”6

Sokal admitted to his “hoax” in “A Physicist Experiments with Cul-
tural Studies,” published in Lingua Franca. However, he echoes much
of the sentiment regarding “science bashing” expressed by Gross and
Levitt. Explaining why he turned to parody and satire for his critique,
he claims that those involved in the cultural studies of science “have
by now become a self-perpetuating academic subculture that typically
ignores (or disdains) reasoned criticism from the outside,” so a power-
ful blow needed to be struck.7

The responses to Sokal’s “experiment” were swift and widespread,
and another iteration of the science wars was under way. Scientists and
their supposed critics (historians, philosophers, anthropologists, and
sociologists) became engaged in a conflict of words over the integrity
and substance of each other’s disciplines. Along the way, far too much
effort was expended on both sides on rhetorical and philosophical argu-
ments designed to defend turf and ward off attack. As a consequence,
science and science studies both suffered, inside and outside of the
academy, as the proponents anxiously pursued “taking in each other’s
washing.”8

A recent study by Stephen Hilgartner attempts to put the “Sokal af-
fair” in context. Hilgartner suggests that not only can Sokal’s experiment
be viewed as a direct contribution to the social study of science, but that
it fits very specifically into a set of studies aimed at determining how
journals assess the credibility of submissions, and, even more specifi-
cally, into a subset of studies that have employed deception as part of
their method.9  Hilgartner compares Sokal’s efforts to those of William
Epstein, a social worker who conducted a major study of bias in the peer
review process in social work journals.10  Sokal’s piece comes off as quite
unimpressive, especially when judged by his own standards, namely,
evidence and logic. In other words, Sokal’s efforts appear less objective,
less scientific. Whereas Epstein set out to test the distinct hypothesis
that confirmational bias exists among social work journals, Sokal refers
more vaguely to such elements as intellectual laziness and weak schol-
arship as characterizing the editorial practices of cultural studies jour-
nals. Similarly, Epstein employed a sample of 146 peer-reviewed journals
compared to Sokal’s sample of one journal with no peer review process.
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Epstein submitted two versions of an article, one with positive results
and one with negative results, to randomly selected groups of journals,
and then analyzed the results statistically. Sokal carried out none of these
steps, but rather drew what Hilgartner refers to as a “voilà” conclusion
(that is, I pulled it off; therefore, I was right).

Hilgartner then goes on to explore the very different reception that
the two articles received among academics and in the public forum.
Epstein was severely criticized by the social work profession for his de-
ception, to the point of almost being thrown out of his professional as-
sociation, and the press also responded negatively to his seemingly
flagrant abuse of professional ethics. When the results of his study were
published in Science, Technology, and Human Values, they were accom-
panied by thirty pages of commentary on the ethical implications of his
work by five separate scholars. On the other hand, not only did Sokal’s
articles receive far greater attention in all venues, but also his conclu-
sions were by and large accepted as a highly accurate and worthy critique
of cultural studies in general, and of science studies more particularly,
by the mass media and in many scholarly circles.

Given the obvious methodological inferiority of Sokal’s efforts com-
pared to Epstein’s, Hilgartner offers a number of possible explanations
that might account for the vastly different reception these articles re-
ceived. For example, he suggests that physics, arguably the most scien-
tific of sciences, enjoys a much higher status than either social work or
cultural studies, and therefore Sokal, as a physicist, was ipso facto more
credible. Similarly, he indicates that the institutional resources avail-
able to the intended targets of these studies were vastly different. The
editors of the social work journals had the backing of a national asso-
ciation with professional codes and ethics committees to defend them-
selves against Epstein, who had clearly violated their trust. On the other
hand, the cultural studies community is relatively diverse and frag-
mented, and so Social Text, as a single journal, was not in much of a
position to mount a defense against Sokal. As a third element, Hilgartner
observes that the timing of Sokal’s experiment fit nicely into the present
fascination in the media with the so-called decline of the universities.
What Hilgartner is suggesting is that members of various groups re-
sponded to these articles on the basis of the meaning that the articles
had for them. While this may appear to be an inane truism, it points to
the fact that there is much to be learned from exploring the contexts and
processes being engaged in, in these disputes, rather than limiting analysis
to the content and products. As has been demonstrated throughout the
last several chapters, neither science nor science studies is monolithic,
and, therefore, it is unreasonable to expect that clear monolithic pro-
science and antiscience positions can be identified among the



T H E  S C I E N C E  W A R S 167

protagonists. At the same time, we would suggest that while it appears
as though the science wars are being waged on a philosophical or meta-
physical battlefield, the real issue has much more to do with the actual
practice of science and the social study of that practice.

The final major event of the science wars that we will analyze is
the publication of Norman Levitt’s book Prometheus Bedeviled. In an
apparent effort to keep the science wars alive, Levitt attempts to dem-
onstrate how the major institutions that constitute contemporary soci-
ety continually distort and misrepresent science, with the inevitable result
that the vast majority of people neither understand nor appreciate what
science has done for them. For Levitt, this is the ultimate paradox. How
is it possible that in a society largely constructed by science, science
becomes the enemy? His answer is that most people are ignorant, lazy,
apathetic, and for the most part more willing to accept irrational expla-
nations in support of their own views and aspirations than they are to
acknowledge the objective truths of science. Levitt’s remedy is for us to
“give science a social authority commensurate with its astonishing suc-
cess in living up to its own ambitions. The corollary is that we have to
ignore or reject its rivals.”11

Levitt’s book is of interest because of his direct attack on religion.
He makes explicit here what had been implicit in the earlier skirmishes,
the view that science and religion are of necessity opposed to each other.
Levitt, a declared atheist, gives no quarter. Religion and science are en-
emies. “Religion had to be annulled and diluted as doctrine, or divested
of its political power and shunted to a subsidiary social position, for
either democratic politics or science to thrive.” He mocks the churches,
ridicules the anthropic principle, argues that “evolutionary theory, pre-
sented soberly and honestly, subverts the foundational view of moral-
ity,” and declares that science reveals the universe “as altogether without
purpose or design.” Science is a purely monistic and reductionistic pro-
cess. “Science, bluntly, has no room for human values, purposes, eth-
ics, or hopes.” And science is the only road to objective truth, for as he
states, “in cases of conflict, a reasonably well-established scientific con-
clusion trumps any challenger.”12

For Levitt, any tension between objectivity and mystery is abolished
and only objectivity remains. As for the great mysteries of life that have
been the core of religion, concern with them is only for the weak:
“Bluntly, human existence is an accident, with no ultimate purpose. I
believe this, as do most of my close friends. We’re reasonably comfort-
able with this conclusion. But it would be fatuous to pretend that it does
not inflict pain and psychic dislocation on millions, possibly billions,
of people. Science is clearly the primary sponsor and authority for this
view of things.”13  Levitt and the others thus state the issues clearly and
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starkly. For them, science and religion are incompatible, and no dialogue
is possible.

What is the importance of the science wars, and what can we learn
from the experience? We think the episode has two implications, one
for the social study of science and another for the science-religion
dialogue.

Reflecting on the impact of Gross and Levitt’s book and his own ex-
periment, Sokal states that the issue at the heart of the science wars is
“the nature of truth, reason, and objectivity.”14  Similarly, Jardine and
Frasca-Spada observe that the science wars have provoked “a renewed
and public engagement with scientists on central issues concerning the
nature of scientific truth and rationality, and the unity and autonomy
of science.”15  In other words, representatives from both sides of these
debates identify a philosophical battlefield where the ontology, episte-
mology, and methodology of science are open to question. According to
Gross and Levitt, the vast majority of scientists hold with some form of
logical positivism (with a few Popperian addenda), while those on the
academic left favor some version of radical (that is, ontological, episte-
mological, and methodological) relativism.16  As the material presented
in our earlier chapters indicates, not only are philosophical debates about
the nature of science ongoing and largely unresolvable, at least by purely
philosophical means, it is grossly inaccurate to characterize the philo-
sophical positions of scientists, and those that study science, as simplis-
tically as Gross and Levitt’s comments would imply. Consequently, the
absence of an adequate foundation (or shared constellation of meanings)
upon which to carry out constructive debate over the nature of science
has regrettably led to specious posturing and ad hominem attacks. Jardine
and Frasca-Spada provide the following two statements to illustrate this
phenomenon, the first by biologist Lewis Wolpert and the second by so-
ciologist of science Bruno Latour.

You might expect that the sociologists and philosophers would
have helped to illuminate the nature of science. The great dis-
appointment is that not only have they failed to illuminate it,
but they have actually obfuscated it. . . . Why are the sociologists
of science doing this? I can only give a sociological explanation.
It’s little more than envy. For me science has been remarkably
successful in providing us with an understanding of the world.

A small number of theoretical physicists deprived of the fat bud-
gets of the cold war, seek a new menace against which they he-
roically offer the protection of their esprit. . . . France, in their
eyes, has become another Colombia, a country of dealers who
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produce hard drugs—derridium, lacanium, to which American
doctoral students have no more resistance than to crack.17

The upshot of this situation, at least with respect to social studies
of science, is that the time has come to abandon philosophical debates
about the nature of science, and return to, or perhaps begin to under-
take, the genuine and, we would suggest, largely unexplored social study
of science. In a recent statement, Sokal warns:

Science Studies’ epistemological conceits are a diversion from
the important matters that motivated Science Studies in the first
place: namely, the social, economic and political roles of sci-
ence and technology. To be sure those conceits are not an acci-
dent; they have a history, which can be subjected to sociological
study. But Science Studies practitioners are not obliged to per-
sist in a misguided epistemology; they can give it up, and go
on with the serious task of studying science. Perhaps, from the
perspective of a few years from now, today’s so-called “Science
Wars” will turn out to have marked such a turning point.18

Apart from the obvious “physician heal thyself” remark that this
statement elicits, Sokal is on the right track in one important respect.
The social study of science is not about trying to solve philosophical
issues about what science essentially is or should be. Rather, it is about
trying to capture what science actually is, that is, how it is carried out
on a day-to-day basis. However, this will only happen through the open
exploration of daily practice, by interacting with working scientists, in
what Herbert Blumer calls a “naturalistic” investigation, an “investiga-
tion that is directed to a given empirical world in its natural, ongoing
character instead of to a simulation of such a world, or to an abstrac-
tion from it (as in the case of laboratory experimentation), or to a sub-
stitute for the world in the form of a preset image of it."19  This statement
holds for both physicists and sociologists. Studying subatomic particles
requires a method that respects the nature of quarks and leptons. Studying
the scientists that carry out this research requires a method that respects
the (human) nature of those scientists. This is a key insight of interpre-
tive social science.

Many approaches to science start out from the position that there
is a philosophically consistent set of propositions that defines what sci-
ence should be; or that some set of institutional norms exists that con-
strains the behavior of scientists; or, as some postmodernists would have
it, that science is all just language games. Starting out in any of these
ways inevitably leads to arguments over competing ideologies, with the
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result that empirical investigations of what goes on in science are gen-
erally dismissed as inherently biased, or they are just not done. Al-
ternatively, interpretive social science would have us start from the
position that there is no a priori foundation for science, and that we
should explore, instead, the ways that meanings are constructed, main-
tained, and altered by those engaged in doing science. The science wars
would quickly fade if the protagonists abandoned philosophizing and
mud slinging and returned to engaging in the activities that constitute
the realms of human endeavor through which they intersubjectively,
rather than objectively, construct their identities and accomplish their
goals. For those in the social study of science, this means studying sci-
ence socially.

The implications of the science wars for the science-religion dia-
logue are a little different. Because of widespread favorable media cov-
erage, many people assumed that Gross, Levitt, and Sokal spoke for
science. The issues they identified became the agenda for debate, espe-
cially their fear of relativism. Indeed, because many religionists are
equally opposed to relativism, there was even some sympathy for their
point of view on the part of some in the dialogue. It is perhaps one of
the great ironies of the science wars, and one that many scientists do
not realize, that people of faith share their conviction regarding the ex-
istence and pursuit of truth. Because their attack upon religion was im-
plicit, at least until Levitt’s most recent book, the full implications of
what they had to say were not always recognized.



   

Naturalism, Science,
and Religion
The scientist does not study nature because it is
useful; he studies it because he delights in it, and he
delights in it because it is beautiful. If nature were
not beautiful, it would not be worth knowing, and if
nature were not worth knowing, life would not be
worth living.

—Henri Poincaré, Science and Method
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One problem with the science wars is that they mys-
tify science. The science wars, however, do raise some

important issues for the science-religion dialogue. Alan Sokal and Nor-
man Levitt, discussed at length in the previous chapter, represent an ex-
treme conflict position in the context of what in chapter 4 we called
metaphysical naturalism. This understanding of science leaves no place
for religion. As we will demonstrate, metaphysical naturalism is an in-
adequate approach to science. An examination of how scientists, in par-
ticular physicists, approach the creation and validation of scientific
knowledge will show that there is a relationship between the different
ways of knowing reality and that there is nothing in science that neces-
sarily excludes religion.

The Aims of Modern Science
Why scientists believe what they believe is as impor-

tant as what they believe. The enterprise of modern science attempts to
understand nature through posing and answering specific questions. This
enterprise involves the creation of new hypotheses, the accumulation
of evidence, the setting of standards of proof, and the validation of ideas
through the institutional consensus of public knowledge.

Science is a human activity, and scientific work is a human con-
struction that pragmatically attempts to be as objective as possible while
balancing various human, traditional, institutional, and cultural forces
that inevitably impact the enterprise. But ironically, the doing of science
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is more an art than a science, and scientific knowledge is always a work
in progress involving this matrix of internal and external factors.

How one views reality is intimately related to the kinds of questions
one is seeking to answer. These questions always reflect one’s tempera-
ment, background, training, and culture. We will see that scientists are
no exception, for they are constantly making choices about what to study,
what instruments to use, and what theories to apply in their inquiries.
And the answers they receive to questions posed to nature always re-
quire interpretation.

In essence, modern science involves a dialogue between scientists
and nature. Hypotheses created in the minds of the scientists are used
as vehicles to predict answers to the questions which scientists ask na-
ture through controlled experiments. Modern science differs from ear-
lier forms of science in its choice of questions and its attempt to interact
objectively with an external world. This is also reflected in a shift in
goals from descriptions of nature to the prediction of future events in
natural systems. The significance and importance of this shift cannot
be overstated: the laws of nature, which are based on things we have
observed and measured, allow us to know in the future about things we
have not observed or measured.

The development of modern science was aided by two historical
shifts in human attitude and perspective. By restricting the scope of ques-
tions to be answered and problems to be solved, it was possible to develop
an understanding that was qualitatively different from earlier understand-
ings. In chapter 5 we outlined some of the ways in which this change
in perspective came about. Science as we know it today was born on
the day that people stopped asking why a particular stone fell upon a
certain workman on a specific day and started asking how stones fall in
general. From a prescientific perspective, it would have been natural to
personalize this event and ask what this person did to cause the stone
to fall on him. The scientific viewpoint rejects the idea that every event
that occurs is unique and is directly caused by our personal relation-
ship with the gods, God, or the stars. In the scientific way of thinking,
events on Earth are not caused by actions in the heavens or the spirit
world. With this change in perspective, science became decoupled from
religion and began to ask different questions and expect different an-
swers. In general, scientists are concerned not with why things happen,
but with how they happen. This reflects the pragmatic frame of mind
of most scientists and the adoption of utility as the primary criterion in
science for determining understanding, truth, and value.

The second change involved an ethos shift during the Scientific Revo-
lution of the seventeenth century from general philosophical questions
to specific problems that can be solved in detail.1  For modern science,
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it is only through the specific that the general can be identified and elu-
cidated. This approach to science as problem solving has evolved to be-
come the guiding aim of modern science.

Scientific Questions, Evidence, and
Validation
What is the justification for the credence, belief, and

trust in the accepted facts, conclusions, and pronouncements of the sci-
entific community? How do we know for sure that the mass of an elec-
tron equals 9.11 x 10–31 kg or whether electrons really exist at all? Physics
is not an exact science, but it is a quantitatively experimental science
that always must deal with uncertainties. Though there are always al-
ternative reasons for things happening in the natural world, the impor-
tant question is, what is the best or most likely reason? The justification
of scientific knowledge ultimately is that it is based on the criteria and
standards developed and accepted by the scientific community.

It is important to remember that the enterprise of modern science
involves three distinct aspects: first, the creation of hypotheses; second,
the verification or falsification of hypotheses; and third, the validation
and acceptance of a hypothesis by the scientific community. The cre-
ation of hypotheses involves a combination of persistence, talent, intu-
ition, imagination, timing, and luck. It is very difficult to come up with
plausible new hypotheses that are substantive, useful, and testable, and
the process of how good hypotheses occur to scientists is very difficult
to explain. In fact, most scientists go through their careers without coming
up with a single important hypothesis that later became confirmed.

The verification of any scientific idea usually involves the careful
and critical correlation of interdependent work of many scientists from
many different labs in many countries. The scientists involved in the
verification process often bring along auxiliary baggage that creates con-
flict with other scientists. Often it is difficult to determine whether sci-
entific conflicts are conflicts over substantive data, interpretations, and
issues or whether the conflicts are really personality clashes or differ-
ences in traditions or values.

Ideally, scientists should attempt to falsify or disprove their proposed
hypotheses, that is, challenge the appropriateness and validity of their
own ideas and understanding. In reality this rarely happens; instead most
scientists try to confirm the validity of their ideas. The falsification of
hypotheses by third parties is a process more likely to occur when there
are rival hypotheses that are inconsistent with each other in a profound
way within a larger theory. Ultimately one of the hypotheses will have
to exit the intellectual stage, leaving the survivor as the “best” or most
appropriate hypothesis under the given circumstances and evidence.
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The final aspect of the scientific enterprise is validation by the sci-
entific community. This is a communal activity involving the hierarchy
and the political dynamics within the appropriate scientific field. The
British physicist John Ziman has developed a very useful perspective
and understanding of the enterprise of modern science that is based on
the concept that science is public knowledge.2  The growth of science
then becomes the process of developing a consensus of this public knowl-
edge by the scientific community. Individual and institutional commu-
nications, networks of trust, and institutional dynamics play pivotal roles
in how scientific knowledge progresses through validation. An example
of the complex dynamics of this process was demonstrated in chapter
8, which dealt with the controversy over the extinction of the dinosaurs.

Models and Theory
Newtonian mechanics was the first closed system of

mathematical physics; in fact, it can be thought of as a branch of ex-
perimental mathematics. Its structure naturally led to the decoupling of
the general laws of nature and the specific models created for each sys-
tem of objects being studied. The revolutionary separation by Newton
of theory from the specific models used to study various systems of na-
ture is a feature that has continuously been used in physics.3  Interest-
ingly, Newtonian theory was really Platonic in nature in that it dealt with
ideal concepts and principles that, even in principle, were neither di-
rectly observable nor testable.4

In the Newtonian system, as in the Euclidean system of geometry
upon which Newton modeled his work, a theory involving concepts and
principles is constructed to be logically true, while the approximations
(and shortcomings) always come in the models. In practice, one assumes
the theory to be true; it is then applied to specific cases in nature through
the models for those systems. In the Newtonian view of physics, theory
represents an ideal facsimile or verisimilitude of the structure and be-
havior of nature, while the physical models represent an actual sampling
of nature.

The testing of Newtonian mechanics is always done within the con-
text of a model of some specific system, which always includes a set of
assumptions and simplifications. Each model has its own set of assump-
tions and simplifications and is therefore unique. The model approach
of Newtonian mechanics and the controlled experimental testing of hy-
potheses combine to naturally suggest a selection of problems to be stud-
ied by physicists. It is profitable to attack specific problems that are, at
least in theory, quantitatively solvable using mathematical techniques.
These problems are usually relatively simple problems that are ideal-
ized and treated as a series of successive approximations to reality.
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In order to solve any physical problem, one must be able to set up
a model that is realistic enough to be relevant while at the same time
simple enough to be solved mathematically. The first step in this pro-
cess, and probably the most important one, is choosing what is essen-
tial and what details can be left out of the model. As William James once
remarked with profound insight: “As the art of reading (after a certain
stage in one’s education) is the art of skipping, so the art of being wise
is the art of knowing what to overlook.”5

Physicists are not interested in the truth, the whole truth, and nothing
but the truth. In fact, if we could know everything about the world, we
would be overwhelmed and understand nothing. For example, if we could
actually see atoms, the nearly infinite number of atoms impinging on
our senses would cause us not to be able to see beyond the thin layer of
atoms next to our eyes, and we would be effectively blind. Too much
information can be disabling; it is important to be selective in what to
use and how to use it. Ultimately these important choices are intuitive,
based on experience and imagination, and reflect the talents and judg-
ments of the individual scientists.

One cannot do controlled experiments without breaking down the
relevant system into its smallest components. The way physicists study
nature is similar to the operation of CT scans, where carefully chosen
two-dimensional slices can be used to reconstruct the whole three-
dimensional organism. This reconstruction involves the solution of the
inverse problem that attempts to determine what the whole entity actually
is from what carefully selected segments appear to be. Physicists under-
stand their sample systems through a series of successive approxima-
tion models. They identify and eliminate all possible complicating factors
in order to construct the simplest possible model that can still realisti-
cally describe the essential features of the system. After this simplified
model is analyzed and understood, complicating factors (complexities)
are added to the model one at a time in order to make it more realistic
and more closely correspond to the real system that they are modeling.

Platonism, Realism, Truth, and Objectivity
In essence, theoretical physicists create a parallel

universe in mental space that is a conceptual template in which empirical
facts can be correlated and analyzed, and that also can be used as a com-
putational tool to crank out answers to questions posed to nature through
controlled experiments. This Platonic conceptual universe is an accept-
able facsimile of nature if, and only if, it can correctly predict answers
to future questions submitted to nature by empirical testing. Ideally, the
conceptual framework of a theory will suggest significant questions to
pose to nature which have never been asked.
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Objectivity and Quantum Mechanics
The scientist is strongly coupled to nature through

the questioning process, which uses various ideal conceptual models of
nature and whatever instrumentation is employed to ask the questions.
This view of modern science as inquiry was significantly extended and
modified during the 1920s by the development of quantum mechanics,
which suggested a change in what was considered possible to know about
nature. The fundamental outcome of the “quantum crisis” in early-
twentieth-century physics was the realization that “whatever fundamental
units the world is put together from, they are more delicate, more fugi-
tive, more startling than we catch in the butterfly net of our senses.”6

Werner Heisenberg discussed the significance of this change: “Natural
science does not simply describe and explain nature; it is a part of the
interplay between nature and ourselves; it describes nature as exposed
to our method of questioning.”7  An important corollary to Heisenberg’s
observation is that strict objectivity, at least at the quantum level, does
not and cannot exist.8  Nature and the scientist are coupled through the
experimental process and become more coupled as the questioning be-
comes more intimate. Modern twentieth-century physics is essentially
a questioning process that says less about the nature of nature and more
about what we can ask and say about nature.

It should be emphasized that the observer-system dilemma in quan-
tum mechanics is not incompatible with the traditional aim of objectiv-
ity in science. Classically, the strong version of objectivity is viewed as
the separation of the observer from the system he or she is studying.9

The weak version of objectivity represents the dispassionate approach
a scientist takes toward her or his work. Instead of aiming for complete
objectivity, scientists today generally strive for the best objectivity pos-
sible under the circumstances.

Practically viewed, then, one can speak of degrees of objectivity. This
involves a deliberate attempt to be impartial and dispassionate in one’s
research and to be detached from the outcome of that work. Certainly
one should strive to avoid injecting one’s politics, religious views, ambi-
tion, or personal conflicts into scientific observations, analyses, interpre-
tations, and pronouncements. Thus, the contemporary view of objectivity
is less a condition and more a pragmatic attitude toward one’s work.

Varieties of Scientific Truth
There is a major caveat for this philosophical discus-

sion that also applies to many other general analyses and discussions
about “science” and “scientists.” The problem is simply that there is no
generic science or generic scientists. When people talk about “science”
or “scientists,” they are referring to a generalized ideal that does not exist.
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Scientists are really astronomers, physicists, chemists, biologists, geolo-
gists, and so on, and these different kinds of scientist view and deal with
the natural world in profoundly different ways. The division of labor
in the scientific enterprise also affects the different perspectives typical
of theoreticians and experimentalists. Theoretical physicists, for example,
tend to see, understand, and appreciate the universe in vastly different
ways than do observational astronomers.

It is possible to gain some general insight into the mindset of scien-
tists by comparing the perceived relationship between nature and sci-
ence typical of theoretical physicists with that typical of observational
astronomers. The theoreticians tend to see the nature/science reality in
terms of a trinity consisting of nature, theory (which is necessarily ide-
alized), and models. The models for the particular systems being stud-
ied act as intermediaries between nature and scientific theories. Theory
is usually treated in the same fashion as Newton treated his theory in
the Principia, that is, as an axiomatic, deductive system patterned after
Euclid’s geometry. After the individual concepts and principles have been
adequately tested and verified and successfully incorporated into a gen-
eral theory, these components are assumed to be true as they are applied
to various models.

Is this conceptual world real? The answer depends on one’s rela-
tionship to it. As physicist John Barrow points out: “Most scientists and
mathematicians operate as if Platonism is true, regardless of whether they
believe it is. That is, they work as though there were an unknown realm
of truth to be discovered.”10  If the importance of something is measured
in terms of what it causes one to do, then to most scientists this imagi-
nary world seems real because they act upon the belief that it is real.

Observational astronomers are probably closer to other scientific dis-
ciplines in their view of the relationship between nature and science
than are theoretical physicists. Astronomers tend to be empirical model
builders who view nature/science as a doublet consisting of nature and
their empirically constructed models that are continually being revised.
Astronomers pragmatically take the concepts and principles from physics,
chemistry, and geology as needed to build the appropriate models that
correlate the information that their instruments have yielded them. Few
astronomers believe their models are real or that they will survive to be
actively used in research fifty years into the future.

The Scientific View of Reality and Its
Limitations
The scientific view of reality has been successful and

influential far beyond the scientific laboratories. In fact, our modern
society is based upon the fruits of scientific perspectives and research.
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But this worldview has limitations that should be acknowledged and
understood in order to prevent abuses and unrealistic expectations. The
limitations of the scientific viewpoint and approach can be grouped into
three categories: epistemological, systematic, and cultural.11

The two major epistemological features of modern science are the
questioning of nature through controlled experiments and the mathemati-
cal modeling of the systems of nature being studied. Controlled experi-
ments are the best-known method of testing scientific hypotheses, but
there are a number of limitations that influence the interpretation and
meaning of the experimental results. First, all data are theory laden, that
is, they are embedded within some theoretical framework. Second, hy-
potheses always involve a set of associated assumptions, and third and
finally, hypotheses are almost never tested individually. In most cases,
a group of hypotheses and their associated assumptions are tested as a
unit that requires an interpretative analysis. And, of course, there may
be some truths about nature that are not discernable through controlled
experiments.

Constructing the laws of nature in mathematical terms and using
mathematical models are very powerful approaches for examining pat-
terns, relationships, and interrelationships among observed phenomena.
Though extremely powerful as a system and as an analytic tool, the math-
ematical approach to understanding nature shares the limitations of the
system of mathematics being applied.12

Science has been very successful at uncovering and elucidating re-
lationships among natural phenomena, especially phenomena connected
through causal relationships. In a real sense, this ability to predict the
future behavior of nature is the strength of science.13  But as was dis-
covered and analyzed by David Hume, this edifice of knowledge is built
on soft ground.14  The only reason we can say with confidence that the
sun will rise tomorrow is that from past experience it always has risen.
The scientist’s ability to predict the future of natural events depends on
inferences from the past and present that are projected into the future.
Bertrand Russell pointed out that a similar problem exists with the va-
lidity of induction.15  Scientific predictions are based on past experiences,
and it is impossible to know definitely whether scientific principles ap-
plied to a new system will be valid for that system until they are tested.16

The problems of causality and induction are examples of the general para-
dox of human understanding, in that it is always easy to believe more
than you can prove or know for sure. The laws of nature themselves place
some limits on what is measurable and what is knowable. Heisenberg’s
uncertainty principle, in particular, places a restriction on our access
to the microscopic world.17  Whether this restriction reflects the limita-
tions of our knowing or whether it represents a basic reality of nature



N A T U R A L I S M ,  S C I E N C E ,  A N D  R E L I G I O N 179

has been an issue of debate for more than sixty years. At the quantum
level, we have reached a level of nature that is impossible to perceive
in terms of simple classical ideas, models, and experiences.

Science, Religion, and the Webs of Reality
Based on our study of how science works, it is clear

that science is an interpretive activity requiring human choices at each
step of the various processes. These choices are resolved through a com-
bination of intelligence, tradition, communal interactions, and contin-
gency. This interpretive aspect of science is the key to understanding
how science relates to other ways of knowing. We argue that the scien-
tific view is certainly very important, but that other approaches to real-
ity also need to be included in our lives and in our understanding of
the universe.

Hidden within the conflict over objectivity and realism are the im-
portant issues of boundaries and authority. Ultimately this has to do with
who gets a voice in determining what is acceptable knowledge and what
is the official understanding of the reality that this knowledge implies.
On one level these issues reflect a contest for power within society. This
relates to our argument for a more open process of inclusion among the
relevant players in the science-religion debate. The question of bound-
aries can be viewed as a struggle between an elitist vision of reality de-
cided by a small number of experts, and a more democratic process of
determining who gets a say in the outcome. And as with most issues, it
is the extremists who define the arguments, but it is the moderates who
live peacefully with each other.

Certainly one extreme view involves the belief that science is the
only way to truth. Actually this attitude has a long history going back
to the empiricism of John Locke, who viewed sensory experience as the
primary source of knowledge and the justification of the truth of propo-
sitions. In the early nineteenth century, Auguste Comte proposed posi-
tivism as a system of philosophy based on accepting as true knowledge
only personal experiences and empirical information of natural phenom-
ena. Reality consisted only of this defined world of empirical facts and
logic and mathematics. This belief system became the basis of a later
philosophical movement called logical positivism that rejected all meta-
physics and believed that all human understanding eventually would
be in the form of science. This movement was ideological and promoted
an agenda that was material, antimetaphysical, and secular (antitheo-
logical). So we see that there was an earlier effort to reduce the ways of
knowing to those that could be put on a strict logical basis using em-
pirical data.

But is science the only method to obtain truth, the only valued way
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of knowing? Certainly this claim is ultimately an ideological dogma and
not a scientific or philosophical position. This ideology is also associ-
ated with the views of scientific materialism, scientism, and metaphysical
naturalism. Materialism is the belief that matter is the basis of all of re-
ality, while scientific materialism is associated with the metaphysical
belief that a scientific explanation of matter is a sufficient basis for ex-
plaining all of reality. Scientism, which is similar to scientific material-
ism, is the claim that the only truth is scientific truth and that the only
path to knowledge is the path of science. For our purposes, the attitude
of scientism has its origins with a later development of positivism by a
group of German and Austrian philosophers in the 1920s, referred to as
the logical positivists. This school was greatly influenced by develop-
ments in formal logic, and it played a dominant role in the philosophy
of science for the following half century. Though logical positivism has
since lost its dominant position, issues in the philosophy of science are
still often framed in terms of a response to logical positivism. Usually
scientism is expressed as the belief that the methods of science can and
should be used in all fields of investigation. (It should be pointed out
that scientism is considered a pejorative term and is almost always ap-
plied by critics of science to certain scientists who are viewed as pro-
moting a dominating role for science in society.)

One hotly debated issue in the interdisciplinary study of science and
religion is the distinction between methodological naturalism and meta-
physical naturalism.18  The use of methodological naturalism restricts
explanations of natural phenomena to natural processes and rejects any
supernatural influences. Metaphysical naturalism goes one step further
and categorically claims that supernatural phenomena and influences
do not exist. The adoption of this metaphysical principle by some sci-
entists implies the explicit rejection of a soul, a spirit world, any super-
natural influences in the universe, and any God who can directly interact
with the universe. The implications of this belief for religion are obvi-
ous and draconian.

Any scientist who insists on imposing metaphysical naturalism is
guilty of scientism. This involves usurping the boundary between sci-
ence and religion and claiming all of reality for science. In essence, this
would be a form of atheism imposed by fiat and a reconciliation of sci-
ence and religion by eliminating religion as it is known by most people.
This consequence implies that the role of naturalism in science is a fair
topic for both scientists and believers to examine and debate. Thought-
ful pleas against the excesses of scientism have recently been made by
the respected environmental farmer, poet, and essayist Wendell Berry
and by the dean of religion writers, Huston Smith.19  They eloquently
argue that any claim of “one way” is hollow and diminishes all of us.
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According to Chet Raymo, one useful way to avoid domination by
one side or the other is to look at the science-religion debate in terms
of skeptics and true believers.20  True believers are people who believe
that their way of knowing is the only way. They have a tendency not to
listen to or care about alternative viewpoints and to believe that they
are sure they know the truth. This confidence of having superior knowl-
edge creates an inability to live with ambiguity and a need to impose a
single belief or restrictions on others.

It is very tempting to claim the right to draw the boundaries between
science and the other constituents of society. But it is also very danger-
ous to claim the power that is implied in that right. The boundaries be-
tween different human enterprises should be freely negotiated among
the various interested parties and not forced from above by an intellec-
tual elite. But in either science or religion, it is the true believers who
have a need to draw sharp boundaries and define what other people are
allowed to do and to believe.

At the other extreme of boundary drawing is the desire to integrate
science and religion. One of the alternative methods of integration in-
volves restructuring religion to be consistent with the philosophical foun-
dations of science. This approach seems popular today and can be seen
in the various versions of process theology, among others. These the-
ologies seem to be built upon a foundation of modern science and tend
to associate God with a universe that is growing in complexity and po-
tential. As in the case of scientism, the integration of science and reli-
gion reduces the possibilities of ways of knowing and the ways of relating
in the world.

A respect for other viewpoints does not include mergers by elite in-
tellectuals to create a forced harmony. All the players, including ordi-
nary scientists and the believers in the pews, should be allowed to
participate in drawing the boundaries and deciding on the functions al-
located to the different enterprises. Reality is too important to be left to
the elites.

One way to encourage the sharing of reality is not to view reality as
a single flat plane to be either divided up or taken over. It would be better
to view reality as a multifaceted entity that requires multiple maps to
fully understand its nature and purpose.21  These maps should not be
viewed as competing alternatives, but as complementary understandings
seen through different filters constructed from different experiences, tra-
ditions, values, and goals. In essence, these maps represent different lay-
ers of meaning that correspond to the different dimensions in which
humans understand and relate to the universe.

Science is a wonderful and powerful way of knowing and under-
standing the universe, but it is only one of many ways of relating to and



182 W E B S  O F  R E A L I T Y

appreciating it. We have argued that it is possible to recognize and honor
science without taking away from the other approaches that humans have
taken to relate and enrich their lives.22  One does not need to know any
acoustics to appreciate beautiful music, but having knowledge of acous-
tics could further add to its appreciation. The beauty and appreciation
of a flower, as Richard P. Feynman passionately maintained, can be
viewed and understood from multiple human lenses and perspectives
that complement each other.23

Reality is a complex web with many strands, and our future will be
only as interesting and robust as the number of strands we allow in the
web. The universe, including humans and their societies, is an amaz-
ingly rich source of content, meaning, and opportunity. Adopting a po-
sition of pluralism would allow this richness to be appreciated, shared,
and developed in a way that will make our lives even richer. The vari-
ous ways of knowing and appreciating our world should complement
each other instead of competing in a winner-take-all contest for reality.



  

History and
Hermeneutics
I read history a little as a duty; but it tells me
nothing that does not either vex or weary me. The
quarrels of popes and kings, with wars and pesti-
lences in every page; the men all so good for
nothing, and hardly any women at all, it is very
tiresome; and yet I often think it odd that it should
be so dull, for a great deal of it must be invention.

—Jane Austen, Northanger Abbey
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Catherine Morland, Jane Austen’s character quoted in
the epigraph, may have shocked nineteenth-

century readers with her view of history. Today, the idea that written
history is “a great deal of invention” would be commonplace, at least
in some academic circles. This is because over the past half-century,
notions of historical objectivity have been more or less thoroughly
dismantled.

In this book, we are arguing that a similar process has been occur-
ring in the natural sciences. In chapter 9 we detailed the sort of defen-
sive postures that have been taken in some scientific quarters when claims
to objectivity in science have been challenged. We will see that these
attitudes have arisen in debates within the social sciences as well. In
chapter 10 we suggested that a more nuanced view of the practice of
science is possible and used the example of physics to illustrate how a
scientist works. In this chapter, we engage in a similar exercise and ex-
amine how historians work. There are some interesting parallels. The
last chapter made two important points: first, that while working scien-
tists often adopt a pragmatic realist position, the search for objectivity
is more an attitude than a real condition; and second, that since the de-
velopment of quantum theory, scientists have become much more com-
fortable with a view of science as a dialectical activity, one in which
the scientist becomes a participant in nature, rather than a mere observer.
The adoption of a pragmatic realism on the one hand, and the simulta-
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neous recognition of the role of the scholar as participant on the other,
are concepts that historians, like scientists, have learned to balance.

It has become commonplace to understand written history as a prod-
uct both of the past and of the mind of the historian working to under-
stand the past. Historians look at the evidence from the past (usually in
the form of written documents) and create a narrative structure into which
the facts gleaned from the documents are fitted. Any historian worthy
of the title will try to be as faithful to the sources as possible. In so do-
ing, historians work on the assumption that there is something real to
find out. Yet, all historians recognize that they need to do more than
merely list the events of the past. They also seek to make sense of the
past by setting priorities, organizing, analyzing, and synthesizing the
“facts.” The ideas and attitudes informing this exercise are not imbed-
ded in the past itself but are those of the individual historian, who is as
much a product of time and place as anyone else. The resulting history,
therefore, is a conversation between the past and the present. It is this
dialectical nature of history writing that has led to generations of de-
bate regarding the issue of objectivity and relativism.

The social sciences have evolved from purportedly scientific disci-
plines to self-consciously interpretive ones. Along the way, attempts were
made to find a middle path through the opposing poles of objectivity
and relativism. An examination of how historians have dealt with, and
continue to deal with, the question of objectivity has relevance for un-
derstanding current debates in science studies and in science-religion
discussion. The sorts of issues social scientists faced throughout the past
century are now being discussed among the natural scientists. By look-
ing at the evolution of the objectivity question in the writing of the so-
cial sciences in general, and of history in particular, we find parallels
with current debates in the natural sciences.

The last century has witnessed many attempts to make history and
the other social sciences “scientific.” Pioneers of the social sciences in
the nineteenth and early twentieth centuries dreamed of making the study
of human behavior scientific and discovering the laws that governed it.
For example, in 1942 Carl Hempel published an essay titled “The Func-
tion of General Laws in History” in which he articulated ways in which
history could be understood in a systematic manner.1  Ultimately, this
project was doomed to failure, and most social scientists have abandoned
this as a goal. In many ways, the same challenges they faced through-
out the philosophical evolution of the twentieth century are now being
directed toward practitioners of the natural sciences. Therefore, this chap-
ter will trace the most important philosophical trends that have informed
the writing of history over the past half century as a way to illustrate
how the issue of objectivity has been understood.
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History as Discovery
Although natural scientists are apt to emphasize the

differences rather than the similarities with social scientists, we might
begin by looking at the working assumptions of historians in the past.
We will see that both scientists and historians have generally gone about
their work from a realist perspective. Both work to understand some-
thing that is “out there”; that is, both are driven by a curiosity to know
something outside their own skins. For the scientists, it is the natural
world, and for the historians, it is the past. In each case, there is a sense
that something is waiting to be discovered, analyzed, and understood.
Historians would generally agree that some events occurred in the past,
and others did not. Like geologists studying a sedimentary rock, histo-
rians peer into a past considered by most people to be “real” in some
sense. Even if the past is less tangible than a fossil, we can acknowl-
edge that it is something external to the mind of the historian.

The philosophical basis of such an approach is an appeal to a cor-
respondence theory of truth. In other words, historical description is true
insofar as it accurately reflects reality. What this means is that, practi-
cally speaking, the value of a piece of history is determined by whether
it conforms to what is already known about the past through the avail-
able evidence. Historians, with a few notable exceptions, make a dis-
tinction between history, which tries to conform to the events of the past,
and fiction, which does not need to. Historians may, and do, disagree
on the relative significance of the facts ascertained from one set of docu-
ments as opposed to the next. Nevertheless, the facts and the evidence
are the measuring sticks. In 1946, the English historian Robin Colling-
wood described the good historian as a detective whose task it is to follow
the clues to find out the facts of the case.2  One of the most quoted ex-
amples of this attitude is the dictum of the nineteenth-century German
historian Leopold von Ranke that the goal of history is to relate “what
actually happened.” This goal inspired generations of historians, driven
to get things right.

This philosophical stance meant historians have occasionally been
driven by the desire not just to get the facts right, but to get them all.
There have been periodic dreams of learning all the history there is to
learn. We find this dream encapsulated in the words of Lord Acton in
1896, as he set out to edit the Cambridge Modern History: “It is a unique
opportunity of recording, in the way most useful to the greatest num-
ber, the fullness of knowledge that the nineteenth century is about to
bequeath. . . . By the judicious division of labour we should be able to
do it, and to bring home to every man the last document, and the ripest
conclusions of international research.”3  This goal of universal knowl-
edge reemerged in a different guise among the Annales historians in
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France, who spoke of histoire totale and saw themselves writing com-
prehensive, global histories that would cover all facets of human expe-
rience. The multivolume and copiously detailed works of the French
historian Fernand Braudel—on the Mediterranean and the history of
European material culture—are the best examples of the extent to which
this kind of energy and drive can lead.4  The rise of interest in quantita-
tive method and the use of computers in the 1970s furthered this opti-
mistic (if hubristic) desire, as they seemed to offer new opportunities
for collecting and analyzing ever-larger quantities of material.

History as Creation
It ought to be clear from the preceding examples that

much historical inquiry has been informed by philosophical realism and
guided by the desire to discover the past. With this view of history, the
historian’s task becomes that of adding more facts to the already exist-
ing pile. At the same time, however, a contrary trend has emerged.
Throughout the last half of the twentieth century, historians became in-
creasingly accustomed to the notion that their histories were conditioned
by who they were and by when and where they were writing. The seminal
point in this development was the 1931 address delivered by then-president
of the American Historical Association, Carl Becker, entitled “Everyman
His Own Historian,” in which he argued that every generation writes
its own history. What is implied in this statement is that every historian’s
writing is conditioned by the concerns of his or her generation.5

It may be humbling to young graduate students to realize that their
work, no matter how stunning, will not stand forever; after all, we all
hunger for immortality. The fact remains, however, that even the most
brilliant historical writers of the nineteenth century—Macaulay, Burck-
hardt, Michelet—are read now for their style rather than substance, if
they are read at all. To read them today is to learn more about the nine-
teenth century than about the periods that these men studied. This re-
alization is instilled in historians at an early stage of their professional
development and serves to engender an attitude of humility. Historians
are trained to expect that their ideas will be debated and challenged,
not only by those working with different documents or using a differ-
ent set of analytical tools, but by future generations, who may find that
the questions of their forerunners have become irrelevant and who will
develop new questions and assumptions to guide their study of the past.

Change in Historical Interpretation
If we recognize that interpretations change over time,

we then have to examine the issue of how they are overturned, modified,
and rejected. First, at the most basic level, it does sometimes occur that
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new facts come to light that modify existing knowledge of the past. One
example from English history will serve. For decades, historians had as-
sumed English people in the sixteenth century married young and had
large families, as is generally the case in preindustrial societies. How-
ever, the evidence from extensive research in the 1970s, based primarily
on early modern wills, contradicted this assumption. In fact, the aver-
age age of marriage was in the late twenties for both men and women.
Once this new evidence had come to light, historians began examining
other aspects of English social history with fresh eyes. In the same way
that scientists imagine coming up with a brilliant new theory that will over-
turn current understandings, historians dream of finding the documents
that will lead to a dramatic reevaluation of conventional historical in-
terpretation. However, as has been pointed out with regard to science in
the previous chapter, such breakthroughs are rare. From a realist
perspective, this is the most important way in which historical interpre-
tations are overthrown, and it is parallel to the process identified by Tho-
mas Kuhn in his seminal work, The Structure of Scientific Revolutions.

However, those who emphasize the role of interpretation in history
have found other mechanisms at work. More commonly, history changes
because historians bring new assumptions and attitudes to their study
of the past. This was convincingly illustrated by Carl Degler in an essay
written in 1976 entitled “Why Historians Change their Minds.” Degler
examined the vicissitudes throughout the twentieth century in histori-
cal interpretations of U.S. slavery, demonstrating that what influenced
the written histories of slaves and slave owners was not the documents
themselves but the shifting cultural attitudes toward race in general and
slavery in particular. What had changed most dramatically from the be-
ginning of the twentieth century on was not the documents available,
nor even how they were read, but the assumptions about race and race
relations that successive generations of historians brought to their re-
search. For Degler then, historical interpretation changes because cul-
tural assumptions and expectations change.6

Others took their analysis even further. In 1988, Peter Novick pub-
lished a provocative book on the politics of the historical profession. In
That Noble Dream: The “Objectivity Question” and the American His-
torical Profession, Novick examined discrimination within the histori-
cal profession and demonstrated that underneath a great many
historiographical disagreements lay more basic issues of politics and ter-
ritoriality. He argued that proponents of traditional history opposed the
growth of social history because it was practiced by a new class of his-
torians. He found tangible evidence for this claim in some of the debates
taking place within the profession.7

The most interesting aspect of Novick’s work for our purposes is that
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he argued that traditionalists, for the most part white Anglo-Saxon males,
opposed plurality in the profession and defended their dominance of
the field in the name of objectivity. The attitude Novick identified was
clearly demonstrated by Gertrude Himmelfarb. In her book The New His-
tory and the Old, she contrasted the “old” political history with the “new”
social history, phrasing her critique of social history as a philosophical
issue:

For it is not only political history that the social historian de-
nies or belittles. It is reason itself: the reason embodied in the
polity, in the constitutions and laws that permit men to order
their affairs in a rational manner . . . it is the reason transmit-
ted to the present by way of constitutions and laws. . . . And it
is the reason inherent in the historical enterprise itself, in the
search for an objective truth that always eludes the individual
historian but that always . . . informs and inspires his work. This
rationality is now consciously denied or unconsciously under-
mined by every form of the new history.8

Revealing about this excerpt is Himmelfarb’s equating the old history
with the search for objective truth, whereas the new historians ask ques-
tions of the past “for which the evidence is sparse and unreliable and
to which the answers are necessarily speculative, subjective, and dubi-
ous.”9  For Himmelfarb, it is not a question of a new generation of his-
torians asking new questions and developing new analytical tools, but
the dismantling of truth itself by those who reject reason. The debates
over the issue of what constitutes real history have at times been as vo-
ciferous as the science wars. In both cases, claims are made to objec-
tivity when political or territorial issues are at stake. Perhaps it is a
common human trait for individuals to appeal to objectivity when they
feel their views are threatened.

The expansion of the historical profession did appear to some as a
descent into chaos, where there would no longer be consensus on what
history was, or on how to do it. However, others have seen the expan-
sion of the profession in less pessimistic terms. One group that has wel-
comed this dismantling of barriers—both political and methodological—
have been the feminist scholars. Joan Wallach Scott, a prominent his-
torian of gender, admitted that “there is no single standard by which
we can identify ‘true’ historical knowledge” but then concluded that this
is not a problem.10  She called for a multiplicity of perspectives as all
contributing to the collective historical knowledge. The rise of social his-
tory, and in particular women’s history, has led to a breakdown of con-
sensus, perhaps, but a breakdown of barriers as well.
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Feminist historians, in particular, have been at the forefront of de-
veloping new methodologies. The comparative absence of women in the
historical record meant historians of women had to develop ways of read-
ing the existing sources in innovative ways to uncover the history of
women. A parallel development in feminist critiques of scientific meth-
odology is worth noting. The knowledge claimed by realists, they charge,
is disembodied, abstract, asocial, and ahistorical—a god’s-eye view of
the world. Realism obscures the social, cultural, class, ethnic, and gen-
der relations in which scientists are situated and which inevitably shape
their knowledge. For example, feminists point to all the attempts, from
Aristotle to Darwin to evolutionary psychology, to portray patriarchy as
“natural.” Nor is androcentric thinking confined to biology. As Sandra
Harding argues:

Physics, chemistry, and abstract thought in every realm (includ-
ing philosophy) can be deeply sexist or androcentric even when
no humans at all appear in their domain of inquiry. Evidently,
abstract thought is not quite as abstract as most have assumed.
Perhaps even excessive preferences for the abstract themselves
undercut the point of abstraction: these preferences, like all oth-
ers, can be historically located.11

Feminists go on to demonstrate the difference the standpoint of
women can make to a supposedly objective science. For example, a sig-
nificant number of women have entered the field of primatology in the
past thirty years and by considering the “female monkey’s point of view”
have revolutionized our understanding of the lives of monkeys and
apes.12

The Postmodern Challenge
One step beyond the political is the postmodern. The

last several decades have been characterized by a sense that the histori-
cal profession is in crisis, due to challenges, perceived or real, by
postmodern literary theorists and philosophers. Claims that there is no
reality outside of the text, and that all reality is conditioned by the lan-
guage in which it is described, have left historians scrambling to defend
what they do and how they work. It is impossible here to summarize
this extensive debate, but a short summary is pertinent.

First, we find those who look at the rhetorical structures used in
history writing. A major influence in this sphere has been Hayden White,
who has pointed out to historians that the narratives in which they frame
the facts of history are governed by the same literary tropes and con-
ventions as fictional narratives.13  He argues that the mere selection of
facts, not to mention their ordering and framing into a narrative structure,
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is itself a creative and an interpretive act. Historians have known this
for a long time. But White goes further in his analysis. For him, it is not
a question of framing the facts into a narrative but of determining the
facts by the narrative. In other words, it is no longer a question of con-
forming the narrative to some real past. There is no meaning inherent
in the past waiting to be discovered; rather, whatever meaning we find
in the world is what we impose on it. To his mind, history is not about
the recovery of the past in any objective sense.

One implication of White’s work is that there is no real distinction
between history and fiction. This attitude is articulated by, among others,
Dominick LaCapra, who argues that the conventional distinction between
history and fiction is illusory, because fiction uses facts and history fic-
tionalizes facts in telling its story.14  This blurring of the distinction has
led to the creation of rather mischievous pieces of writing. For example,
the historian Donald Akenson produced a biography of a nineteenth-cen-
tury Canadian politician written from the perspective that the politician
had actually been a woman disguised as a man. His argument rests on
some clever sleuthing, but the biography itself is admittedly fictional.
Akenson dismisses as irrelevant the question of whether the politician
had historically been a woman: “Was John White really a woman? That
is a question from male history and an inherently, if unconsciously, hos-
tile one.” He suggests the process of writing biography ought to be a “self-
conscious exercise of imagination” and that “stories of individual human
lives might better be called speculative history or historians’ fiction.”15

His rationale for this claim is that the only alternative is to be unself-
consciously subjective. In other words, objectivity is not even part of the
equation.

Postmodern critics also attempt to dismantle the dichotomy that his-
torians tend to draw between a text and its context. Many historians tend
to see historical insights as measured in terms of the extent to which
they conform to their historical context. However, the critics of this po-
sition argue that there is no context. Drawing on the insights of Michel
Foucault and Jacques Derrida, F. R. Ankersmit argues that because our
understanding of texts is always based on other texts, there is nothing
to use as a measuring stick. There is no context.

Many of the conclusions reached by postmodern critics of history
leave historians somewhat rattled. Hayden White goes so far as to as-
sert that “events are real not because they occurred but because . . . they
were remembered.”16  The conclusion reached by Ankersmit is that “at
the level of the historical text and of historical interpretation, we can-
not appropriately use the words truth and falsity.”17  The blurring of his-
tory and fiction attempted by Akenson and others leaves many working
historians wondering what to do next. In many cases, the extreme rela-



H I S T O R Y  A N D  H E R M E N E U T I C S 191

tivism demonstrated by these conclusions has led historians to reject this
perspective outright.

Historians’ Reactions
An analysis of the varieties of historical interpreta-

tion is certainly something that historians are comfortable with. Students
are taught they can arrive at conclusions that disagree with those of their
professor, and as long as they can substantiate them, they will pass the
course. That said, for almost everyone there is a line that will not be
crossed. For many people, the Holocaust is such a line. To argue that
all of history is subjective is to deny the reality of human suffering. In
the end, it is often for moral reasons historians reiterate the need to con-
tinue the task of sorting fact from fiction. The cultural historian Robert
Darnton had this in mind when he asked: “What is our science in the
face of great events like wars and revolutions? What is our sophistica-
tion in the light of the lives that never made the news, that never had
obituaries? To visit the dead, the historian needs something more than
methodology. . . . No matter how skeptical we may be about the life to
come, we cannot but feel humbled before all the lives that have gone.”18

In the face of both human suffering and human accomplishment, and
in the face of holocaust denial, historians remain, in spite of postmodern
trends, driven by the need to “get things right.” Whether people have
been killed or not, whether injustices have occurred—these are ques-
tions that still matter.

The Narrow Path
A great deal of ink has been spilled over the last thirty

years as historians have reacted to postmodern influences. It would be
a mistake to suggest anything approaching consensus on the impact of
postmodern skepticism on the practice of history. The debates continue.
Most fall into one of two categories. Many historians simply shrug their
shoulders and return to the archives. On a daily basis, historians gener-
ally try to work to the best of their abilities to write the best history pos-
sible, by which is still meant an accurate representation of the facts. Even
those historians whose approach is self-consciously influenced by
postmodern concepts and methods tend to rely on basic rules govern-
ing the need for and use of evidence. In a sense, most historians share
with natural scientists the adoption of a pragmatic realism. The differ-
ence lies in the fact that even as historians strive for objectivity, they
are perhaps more aware than ever that it is an unattainable goal.

Other historians have tried to incorporate some of the most significant
insights from the “linguistic turn,” as it is called, into their research meth-
ods. Certainly, postmodern ideas have influenced notions of subjectivity,
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of the significance of text, and of the impossibility of working outside
language. Because historians work primarily with language, they need
to be particularly sensitive to issues related to the ambiguity embedded
in it. Most working historians try to find a middle ground between ob-
jective reality and their own subjectivity.

One of the most promising avenues is a hermeneutic approach, a
concept introduced earlier in this work. To understand hermeneutics we
might look at the words of the philosopher Richard Rorty. Rorty argues,
rather than looking at knowledge as representative of reality, we ought
to consider it more as acquaintance.19  For example, the French language
uses two verbs for the English “to know,” savoir, which suggests factual
knowledge, and connaître, which implies understanding and acquain-
tance. For Rorty, knowledge of the world is rather like knowledge of an
individual; it is built on an increasing awareness of who that person is.
Thus, Rorty’s definition of knowledge avoids an emphasis on objective
truth but at the same time avoids the skepticism prevalent in radical
postmodernism. Recognizing one’s subjectivity is an essential part of the
process of coming to understand and to learn something. This herme-
neutic approach is appealing to historians because it reflects the way
historians view and practice their craft. It allows a historian to work with
both text and context, to move between the past and the present, in or-
der to increase the understanding of both.

In what sense, then, is this relevant for understanding the issue of
objectivity in relation to religion-science dialogue or in the use of the
social sciences to understand the natural sciences? It is this: Historians
continue to find out what happened in the past while acknowledging
at the same time that both their findings and their conclusions are con-
tingent. Furthermore, recognizing the role of the historian’s subjectivity
can become an integral component of the development of a historical
narrative. Becoming self-conscious leads to becoming self-critical. The
historical profession has benefited from the challenges to its claims to
objectivity. To recognize one’s subjectivity instills healthy doses of skep-
ticism and of humility, both of which are useful components of any in-
tellectual enterprise.

It will certainly be objected that important differences between the
practice of history and of the natural sciences have been overlooked. As
we have seen, history is explicitly a conversation between the past and
the present, with the historian as mediator. Historians disagree on the
ways in which the present should influence the interpretation of the past,
but their answers are ones of degree. In the natural sciences, on the other
hand, the voice of the individual scientist supposedly is not part of the
end product. Scientific results are thought to be independent of the
individual who identified them, and scientific experiments are consid-
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ered accurate if they can be replicated by others. Each generation writes
its own history. This is easy to grasp. The possibility that each genera-
tion writes its own science seems much less obvious. However, as we
saw in chapter 8, this may be often more the case with science than is
assumed.

However, what matters is that the discipline of history manages to
survive in spite of the fact that it is seen as subjective. Some of the most
vibrant breakthroughs occur when historians remove themselves from
the categories of analysis that have become commonplace and ask them-
selves if those categories have any real meaning, as we have seen histo-
rians doing with the concept of the Scientific Revolution. This is a healthy
intellectual exercise. In the same way, science will not necessarily dis-
integrate simply because a sociologist looks at the politics behind the
granting of funds. Barry Allen makes this point succintly: “Showing an
important discovery (quarks, microbes) to be ‘socially constructed’ is not
supposed to make us skeptical about quarks or microbes. It is instead a
standing invitation to rethink the idea that science is a bastion of objec-
tive knowledge, or the scientist a guardian ‘of the most important truths
about the world,’ truths which the laity should receive with ‘pious rev-
erence.’”20  It appears that the natural scientists are now facing challenges
that the social scientists, including historians, faced in the last century.
But it is a sign of health and vigor if practitioners within a discipline
can meet these challenges and respond to them in a way that leads to
greater self-reflection and understanding on the part of their fellow prac-
titioners and those examining their discipline.

The Possibility for Dialogue
Where does all this leave the science-religion dia-

logue? Both sides of this argument—realism and relativism—create prob-
lems. The problem with realism is that it does not leave much room for
dialogue. We have seen that on occasion, both natural and social scien-
tists have tried to build barriers to keep people out, based on exclusive
truth claims. If this position is adopted, religion-science dialogue be-
comes impossible. At best, “objective” science talks, and “subjective”
religion listens. Religion has little more to do than adapt its beliefs to
the scientific findings of the day. Relativism creates difficulties of its
own, not least because the various positions have little in common ex-
cept their opposition to realism. The idea that knowledge is relative to
identity can be carried too far. At its worst, it can become a reflection
theory, in which a person’s ideas are no more than the mirror image of
her or his social group. But if nothing transcends identity, there is no
basis for dialogue. Neither religion nor science can get beyond being just
another viewpoint.
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Fortunately, there is no need to accept either extreme. We can go
beyond the false dichotomy of objectivism and relativism by focusing
on a hermeneutical approach. The difficulty is to find an understand-
ing of language that can encompass both subject and object. To begin
with, there is no access to “reality” that is not mediated by language.
The history of the Alvarez hypothesis demonstrates that scientists do
not speak with the unmediated voice of nature. For nearly twenty years
scientists argued (frequently without even much civility), each side claim-
ing to have nature in its corner. What was at dispute were the facts, but
the different sides could not agree on what the facts were or even what
the standards of evaluation were, the means of determining whether a
purported fact was relevant or not. What realists overlook is that all lan-
guage is metaphorical (including their own) and that empirical obser-
vation can never be separated from the language in which it is imbedded.
As Bruce Gregory explains: “The observations with which physicists
compare their predictions are not some mute expression of the world.
They are symbolic and gain their meaning and value in a system of in-
terpretation. No experiment . . . has any meaning at all until it is inter-
preted by theory.”21  Both the natural sciences and the social sciences
are very much human activities, governed and conditioned by the lan-
guage with which we communicate them.



   

The Centrality
of Dialogue
It seems clear we cannot distinguish reality as such
from our symbolizations of it. Being human we can
only think in symbols, only make sense of any
experience in symbols.

—Robert Bellah, Beyond Belief

195

12

The ancient Greek philosopher Archimedes is sup-
posed to have said that he could move the world with

a lever, if only he had a place to stand. The search for a philosophical
Archimedean point is a quest for certainty, for objectivity, for knowl-
edge that is beyond society, history, or individual subjectivity. What con-
stitutes an Archimedean point has varied from philosophy to philosophy
over the centuries, but in our time the claim is made for science.

The sacred is mysterious. Various scholars describe the sacred as
that which is set apart and forbidden, as the ineffable, the wholly other.1

It is the awe-inspiring and fascinating mystery, which exerts a terrible
power. The sacred creates its own time and space outside the normal
bounds of society and rationality. And mystery, as Weber noted, is one
of the fundamental characteristics of religion.

As practical beings, who must live in the material world, humans
want objectivity. As spiritual beings who need meaning as much as bread,
humans require mystery. Truth is found in the necessary tension between
the poles of mystery and objectivity, and truth is lost when the tension
is abandoned. Yet imbalance is all too characteristic of our times. Those
who see a necessary conflict between science and religion try to escape
the tension by fleeing to one pole or the other. Those who compartmen-
talize science and religion try to ignore the tension. Those who work to
integrate science and religion try to resolve the tension. We believe that
only through dialogue can the tension be retained and a constructive
balance be achieved between science and religion.
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This chapter is about two different ways of knowing. One is the quest
for certainty, which is exemplified by the science wars. The other is truth
as dialogue.

The Quest for Certainty
Although the truth may be found in the tension be-

tween objectivity and mystery, it is often an uncomfortable position. It
is frequently ambiguous and gives rise to discussions that rarely pro-
vide clear-cut answers. Many try to escape the tension by trying to find
some absolute basis for knowledge. The science wars are exemplars of
the quest for certainty.

This quest reflects three perennial issues that go to the root of Western
culture. First, there have always been those who try to escape the in-
herent tension between objectivity and mystery by seeking an anchor,
an Archimedean point, and fear all will be lost without it. Behind much
of this fear is what philosopher Richard Bernstein called the “Cartesian
anxiety.” Arising with Descartes, he says, this is “a grand and seductive
Either/Or. Either there is some support for our being, a fixed founda-
tion for our knowledge, or we cannot escape the forces of darkness that
envelop us with madness, with intellectual and moral chaos.”2  The sci-
ence wars are an expression of this anxiety.

Second, the quest for certainty is deeply suspicious of dialogue.
Those who seek certainty have frequently seen themselves as engaged
in an argument between philosophy (or science) and rhetoric, which is
usually portrayed as a contest between the truth and mere opinion. What
is true is seen as objectively real, while everything else is only ephem-
eral language. As Levitt puts it: “Science matters greatly because it tells
us how the world works, whereas the work of humanists and many so-
cial thinkers matters hardly at all because it only tells us how their minds
work.”3  The individual who knows the objective truth, the argument
goes, can stand alone against the opinions of both the crowd and those
in power. This attitude is not new. Ian Hacking comments that these is-
sues replicate the philosophical debate between realists and nominal-
ists that extends back to medieval times.4  Bruno Latour traces the origin
even further back, to the debate between Socrates and the sophist Callicles
in Plato’s Gorgias.5  Kary Smout documents how the same argument has
appeared over the past century in the debates between evolutionists and
creationists.6  In part it is manifest in the idea of science as salvation
discussed in chapter 1 and in the myth of the heroic scientist examined
in chapter 3. What all these have in common is the rejection of dialogue.
Honest debate is premised on the notion that all positions are commen-
surate and have something to say. If one is certain of the truth, how-
ever, dialogue is irrelevant, because error lacks legitimacy. Thus Levitt
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says of his opponents: “The willingness of the credulous to refuse the
wisdom (and the presumptive consolations) of the scientific view may
often be a . . . subtle affair in which the roles of fool and knave (if there
is knavishness at all) can be strangely confounded.”7  Those who are cer-
tain may challenge people who think differently, but nothing is to be
gained by engaging in discussion with them.

Third, the science wars embody the ancient Western spirit of sec-
tarianism. Like members of any other sect, these defenders of science
claim that they have a monopoly on truth and that outside the church
(science) there is no salvation; they campaign to purify the community
of what they see as corruption and laxness. This places them in the odd
company of those sectarians who put forth religious dogma as an ex-
pression of objective reality. Recent examples would include, for instance,
creation science, whose practitioners argue that the first chapter of Gen-
esis is a full and adequate account of the origin of the world. Ironically,
fundamentalist science and fundamentalist religion end up being mir-
ror images of each other.

The problem with the quest for certainty, in any of these forms, is
that it wants to take people out of the process of knowing. Sokal, Levitt,
and company pretend that scientists possess a disembodied knowledge,
a god’s-eye view of the world. Just as religious fundamentalists claim to
be mere conduits for the voice of God, so scientific fundamentalists de-
clare that they speak with the unmediated voice of nature. But as we
have seen in previous chapters, this is a mystified view of science, one
that all too often cloaks an agenda.8  Thus the quest for certainty is built
upon an illusion. In claiming a fixed foundation for knowledge, it re-
jects dialogue. And all too often, as in the science wars, what begins as
an appeal to reason ends up as an appeal to authority.

The Question of Relativism
If one side of the Cartesian anxiety is the quest for

certainty, the other is the fear of relativism. The evil of relativism is os-
tensibly the issue that drives the science wars. Unfortunately, probably
more nonsense has been written about relativism in the past twenty years
than about any other issue in the philosophy of science. All too often,
relativism has become a term of abuse used to knock down straw men
in an argument. Relativism is a term too often applied to all of science
studies, a sin of even an otherwise careful scholar like Ian Barbour.9  On
the other side, relativism is a good way to proclaim oneself an intellec-
tual “bad boy” (or girl), and trumpeting one’s supposed relativism is a
device used by some to gain notoriety.10

In the previous chapter, we saw how the social sciences may offer
guidance to the natural sciences in confronting this question in a more
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constructive manner. We want to continue the discussion here, but on
a different tack. In some ways, the debate over relativism parallels the
debate over reductionism. We use Ian Barbour’s answer to the problem
of reductionism as a guide for working through the question of relativism.

Scientists are often accused of reductionism, of trying to “explain
away” phenomena by reducing them to underlying mechanical forces.
Ian Barbour presents a very useful way of thinking through the prob-
lem. Rather than see reductionism as a single phenomenon, Barbour ar-
gues that there are three kinds, which can be organized into a hierarchy
of levels. First is methodological reductionism, which is “a research strat-
egy: the study of lower levels to better understand relationships at higher
levels.” Epistemology comes from the Greek word “to know,” so episte-
mological reductionism is “a relation between theories, the claim that
laws and theories at one level of analysis can be derived from laws and
theories at lower levels.” At the highest level, ontological reductionism
is “a claim about the kinds of reality and the kinds of causality that ex-
ist in the world.”11  Here the most basic level of material reality is seen
as “the real.” Each of these different levels has to be evaluated separately,
and very different consequences flow from each.

We think that the same three levels can be made to apply to discus-
sions about relativism. Methodological relativism is a research strategy.
It is most frequently expressed in the concept of symmetry. Most sim-
ply put, symmetry is the principle that an investigator should not as-
sume the answer before she or he begins, that is, one should not treat
the explandum (that which needs to be explained) as the explanans (the
cause or reason).

For example, a key issue in the study of science is the question of
how scientific controversies are ended, or closed. We cannot assume that
nature is the reason that a scientific debate closed (the explanans) if na-
ture is the explandum (that which needs to be explained). The Alvarez
hypothesis is a good illustration. A realist account of the controversy
might go like this: “Alvarez was right and Officer was wrong because
Alvarez discovered the way nature is.” Now, nature may very well be
the way Alvarez said it was, but assuming that tells us nothing about
the practice of science and covers up many uncertainties. It certainly
would not tell us why the controversy went on for nearly twenty years.
If we want to understand science, we have to treat the winners and los-
ers in a controversy equally (that is, symmetrically), and not let the fact
that we may know how it comes out bias our study. Symmetry is no
more than applying the methods of science to the study of science itself.

Epistemological relativism claims that there is more than one way
to know the world, or, in our context, scientific knowledge is relative
to the social location or identity of the knower. Men and women, for
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instance, may very well perceive the world differently, because of their
different life experiences. There is a wide variety of opinions on this
issue within science studies itself, and we have to be careful not to make
one author speak for the whole discipline.

Those caught up in the Cartesian anxiety (from either side) argue
for an epistemology that is asymmetrical, as Bruno Latour observes.12

In keeping with traditional Western dualism, both realists and relativ-
ists see nature and society as polarized. For realists, nature is the source
of truth and society is the source of error. To the extent that society im-
pinges upon the study of nature (and honest realists acknowledge that
it does), that study is biased. So realists hold pure objectivity as a goal,
even if it is not always attained. But it does provide them with a foun-
dation, and they charge science studies with a dangerous relativism. For
their part, many in science studies see society as the source of knowl-
edge, including our knowledge of nature. For them, all knowledge is local
and shaped by the culture (and for some, by the individual or group ex-
periences) of the knower. Both approaches are asymmetrical in that they
focus on one side of the nature-society polarity to the exclusion of the
other.

The problem with asymmetrical epistemologies is that they are very
good at generating the kind of polemics typical of the science wars but
do not provide much of a basis for dialogue. We will have to work to-
ward an epistemology that is symmetrical. This means abandoning the
polarity between nature and society and approaching both equally as
sources of knowledge.

Ontology refers to being, so if epistemological relativism says there
are many ways to know, ontological relativism says there are many re-
alities. Ontological relativism is the mirror image of ontological reduc-
tionism.13  The problem with any statement about “the way things are”
is how do you know—Kant’s old problem of can we ever know “the thing
in itself.” Thus it is very difficult to clearly separate ontological from
epistemological questions.

As we have seen, those who claim the material world is the only
reality have no use for religion and see little point in dialogue. They
believe there is only one truth and they know what it is, so there is no
point in a discussion with those who believe otherwise. Seeking a middle
ground, Ian Barbour says: “I have defended ontological pluralism, a
multileveled view of reality in which differing (epistemological) levels
of analysis are taken to refer to differing (ontological) levels of events
and processes in the world.”14  Barbour might be quite surprised therefore
to find himself standing alongside many practitioners of science studies.

The problem remains, though, about how many “realities” can be
encompassed within pluralism before it dissolves into relativistic chaos.
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Christians, Jews, and Muslims, for instance, all maintain that there is
only one God, and therefore ultimately only one truth, even if the more
liberal among them will grant that there may be many paths to God. Most
scientists would maintain there is a reality that can be understood, even
if what we think of as the material universe may not be all there is. Few
from either science or religion are willing to accede to the idea that re-
ality is mere chaos or illusion. If we wish to engage in dialogue, we have
to reject single vision, but finding balance may not be easy.

A Dialogical Approach
The alternative to the quest for certainty is an un-

derstanding of the truth as emerging out of dialogue. Real science is not
some royal road to absolute truth but a practice engaged in by a com-
munity. Where the quest for certainty is dismissive of language, we have
to explore its nuances. If, as we contend, truth emerges out of the ten-
sion between objectivity and mystery, we will have to demonstrate the
basis for dialogue.

Interpretive social science posits the world as a symbolic reality. In
the words of sociologist Richard Brown: “All social reality is symbolic,
and there is no reality that is not experienced through the social matrix
of discourse. . . . [R]ather than there being a single reality of which non-
scientific accounts are erroneous representations, there are multiple ways
of construing realities, each of which is privileged for the reality so con-
strued.”15  Or as the German philosopher Jürgen Habermas says, we at-
tribute “epistemic authority to the community of those who cooperate
and speak with one another.”16  Two questions emerge from these state-
ments. First, what in the nature of symbols creates the “social matrix of
discourse”? And second, what is involved in “multiple ways of construing
realities” that might help us understand the tension between objectivity
and mystery? We will build upon the work of the Austrian phenome-
nologist Alfred Schutz. His theories on the nature of symbols and mul-
tiple realities demonstrate the centrality of dialogue and ground our
approach to the science-religion debate.

If “there is no reality that is not experienced through the social ma-
trix of discourse,” what are the building blocks of discourse? This first
question deals with the nature of symbols. Alfred Schutz argued that
all symbols consist of a triadic relationship (see fig. 12.1).17  First, there
is the signifier, the sign or symbol itself. This can be anything acces-
sible to our senses—a word, an object, an image, music, and so on.
Second, there is the signified, that to which the signifier points, its mean-
ing. Third, there is an interpreter. All three elements are necessary if a
symbol is to convey meaning. Obviously, the signifier is necessary or
there is no symbol. Absence of the signified would be like hearing a word
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in a language we do not understand, or seeing a curious object the pur-
pose of which we do not know. We perceive that something is there (the
signifier), but we do not know its meaning. But the interpreter is just as
necessary, or the symbol stands mute. There is no such thing as mean-
ing independent of people; they are an intrinsic part of the symbolic
relationship.

This has two implications for our study. The first is that Schutz’s
understanding of symbols breaks down the dichotomy between subject
and object. Symbols are objectively real, that is, they exist before we do
and apart from us, and we cannot make them mean whatever we please,
but at the same time our subjectivity as interpreters is part of every sym-
bol. While the subjective element is inherently part of every symbolic
structure, symbols are more than subjective. So symbols are neither sub-
jective nor objective, but relational.18  Interpretation of symbols is there-
fore an attempt to find neither an underlying objective reality nor
relativistic subjectivity but instead it is an attempt to communicate and
understand. It is inherently dialogical.

Second, the quest for certainty is foreclosed. It is precisely because
our experience is structured through the symbols of our culture that our
understanding is limited. Symbols are finite and ambiguous. As rich and
complex as the web of interpretations for a symbol may be, no single
symbol can structure all of experience, although those who dogmatize
doctrine and belief often forget this. Symbols may be so basic to the struc-
turing of our experience that we do not see them as symbols at all and
take them for unmediated reality—a failing common to both science and
religion.

While symbols structure experience into a consistent conceptual
system, it is a system that arises out of a particular culture at a particu-

Figure 12.1 Schutz’s Model of Symbolic Relationships
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lar time, indeed out of a particular class and gender. For example, Lakoff
and Johnson describe the structural metaphors “Labor is a resource” and
“Time is a resource” found in our language. Both metaphors are so ba-
sic to industrial society that they are rarely seen as metaphors, yet they
reify the experience of time and labor. They “permit labor and time to
be quantified—that is, measured, conceived of as being progressively
‘used up,’ and assigned monetary values; they also allow us to view time
and labor as things that can be ‘used’ for various ends.”19  Our language
thus turns a human relationship into a thing, and the people involved
become things as well. Marx could not have described alienation better.

Symbols are inherently finite and ambiguous and therefore must be
interpreted. We thus have a situation where something—an object, a word,
an image, and the like—stands for, represents, or evokes something else,
but only in a relationship with a person, group, or society that inter-
prets and invests meaning in that relationship. The structure of sym-
bols shows that ambiguity is no unfortunate aberration or prescientific
imprecision. The subjectivity, and hence relativity, of interpretation is
an intrinsic element of the symbolic that no social or natural science,
however brilliantly reductionistic, can eliminate. Every symbolic struc-
ture is first confronted as a text to be interpreted. But the variety of in-
tents and methodologies brought to each text means that no single
interpretation has the last word. No symbolic structure is ever exhausted
of meaning. But without interpretation, and hence dialogue, symbols
stand mute.

Multiple Realities
According to Schutz, reality is divided into multiple

spheres of meaning, each of which constitutes a separate reality. The
world our bodies inhabit is the paramount reality. This is the world of
everyday life—the world of getting up in the morning, having breakfast,
going to work. It is paramount because we occupy it at every moment
and it impinges upon us continuously. (If you doubt this, just try con-
centrating on reading this with a bad toothache, or a cat yowling to go
outside.) The everyday world is both pragmatic and intersubjective. It
is the place where we meet and communicate with other people. Indeed,
it is the only place where communication can go on.

Surrounding this paramount reality are a large number of other
spheres of meaning, such as the worlds of dreams, of art, of religion, or
of science. Schutz calls these “finite provinces of meaning,” because “it
is the meaning of our experiences and not the ontological structure of
the objects that constitutes reality. Hence we call a certain set of our ex-
periences a finite province of meaning if all of them show a specific cog-
nitive style and are—with respect to this style—not only consistent in
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themselves but also compatible with one another.”20  Each of these
spheres of meaning is mediated into everyday life through symbols.

Each sphere has its own peculiarities. The sphere we call scientific
theory requires those entering it to bracket their own subjective points
of view. Having done so, “the scientist enters a preconstituted world of
scientific contemplation handed down to him by the historical tradition
of his science. Henceforth, he will participate in a universe of discourse
embracing the results obtained by others, problems stated by others, so-
lutions suggested by others, methods worked out by others.”21  In other
words, scientists temporarily set aside their own identity and enter into
the epistemic culture of their discipline. For example, Jane Doe brack-
ets her identity as mother, university professor, and cat fancier and be-
comes Jane Doe, biochemist. But she does not decide what constitutes
biochemistry—that is a given of history, traditions, tacit knowledge,
norms, and practices of the discipline. Indeed, to the extent that she is
a biochemist, biochemistry defines her.

Thinking about science this way has several advantages. First, it
shows that science is a fully social activity—there is no god’s-eye view
of the world here. But each sphere of meaning is a domain of external
reality. Each is a practice with its own epistemic culture and authority.
Individual scientists submit to the discipline of their practice (which is
why they are called disciplines, after all) and in doing so transcend their
own identity—but only temporarily. They are always called back to the
preeminent reality of the everyday world, from which they may enter
another sphere of meaning. So, to continue our example, when Jane Doe,
biochemist, leaves her lab, she returns to being Jane Doe, mother, teacher,
and cat lover. On Sunday when she attends mass, she enters into yet
another sphere of meaning, religion.

Second, each of these spheres is a finite province of meaning. This
means, while any particular sphere will be internally consistent, each
differs from the others. What appears to be reality within one sphere of
meaning “would appear as merely fictitious, inconsistent and incom-
patible” within another.22  From within the sphere of biochemistry, Ro-
man Catholicism makes little sense, and vice versa. But as sociologist
Richard Brown cautions, these “various symbol systems do not warrant
an absolute and universal priority for any one over the others. Each is
more or less appropriate for certain purposes with reference to certain
domains.”23  Thus to proclaim one sphere to be the only reality or to
privilege only one form of knowing is a sign of both arrogance and
shallowness. Science and religion are different provinces of meaning,
and one cannot be substituted for the other.

Finally, the relationship between all these spheres of meaning is dia-
lectical. Schutz maintains that “the finite provinces of meaning are not
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separated states of mental life. . . . They are merely names for different
tensions of one and the same consciousness, and it is the same life, the
mundane life, unbroken from birth to death, which is attended to in dif-
ferent modifications.”24  They are different moments in the conscious-
ness of every one of us. This is crucial. We move from the everyday world
to the sphere of science (or religion) and then back to the everyday world.
When Jane Doe is practicing biochemistry, she is not engaging in Ro-
man Catholicism. When she is taking the sacrament, she is not practic-
ing biochemistry. But neither her science nor her religion is a reified
entity, some “thing” existing “out there.”25  They are moments in her
life. The tension between objectivity and mystery, between science and
religion, is first and foremost a tension within all of us.

As we have seen, different people will try to cope with these ten-
sions in different ways. None of these attempts is particularly satisfac-
tory. Those with a low tolerance toward ambiguity will engage in a quest
for certainty and try to escape to objectivity, but limit situations will
impinge upon all our lives sooner or later. Tragedy, illness, or death will
eventually bring even the most unyielding realist face to face with
the unknown. Others will try to escape by immersing themselves in the
realms of mystery, but they can do so only by pretending to ignore the
modern world. This leads to inauthenticity, as with those who, for in-
stance, denounce science and technology from their Web pages. Yet others
will try to escape by building walls between the spheres and compart-
mentalizing their lives. This is possible, but only at the cost of living a
blinkered existence, afraid to ask too many questions lest the walls be
breached. Only through dialogue can the tension be retained and a con-
structive balance achieved between science and religion.

In summary, reality is constituted of a number of domains mediated
by symbols, grounded in the experience and interpretation of each in-
dividual and of the community. When we attend to the sphere of sci-
ence, we step into the epistemic community of other scientists. When
as believers we attend to the sphere of religion, we step into the com-
munity of faith. The point is that we do so as one and the same person
who lives in the intertwined communities of scientists and believers.
The web of reality exists inside every person. Science and religion, ob-
jectivity and mystery, are different moments in our own consciousness
and in our discourse. The practice of science (of religion, of ethics, and
of technology) is by its very nature a dialogue.26
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