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Preface to the Third Edition
The study of science and religion brings together two of the most
significant – and different – forces in human culture. The
remarkable surge in books and television documentaries dealing
with God and physics, spirituality and science, and the great
mysteries of human nature and destiny are a clear sign of the
growing interest in this area. Many colleges, seminaries, and
universities now offer courses dealing with the field of science and
religion, which often attract large and appreciative audiences. This
book introduces this field, offering a window into some of its more
interesting themes and debates.

Based on lectures given to students at Oxford University over the
period 2014–2019, this book aims to be accessible and engaging,
encouraging its readers to take its themes further. It sets out to
introduce this fascinating field on the assumption that its readers
have no detailed knowledge about either the natural sciences or
theology. The main themes and issues in the study of religion and the
natural sciences are carefully explored and explained without making
unrealistic assumptions about what its readers are likely to know
already.

My own interest in the field of science and religion goes back to the
early 1970s. I began my studies at Oxford University by studying
Chemistry, specializing in quantum theory, before going on to gain
an Oxford doctorate in molecular biophysics. After this, I studied
theology at Oxford and Cambridge, focusing particularly on the
historical interaction of science and religion, particularly during the
sixteenth and nineteenth centuries. It is my hope that my own
experience of relating the two areas of study may be of value to
others seeking to do the same.

This book represents a major revision of the first and second editions
of this work, responding to feedback from many readers. This
revision is reflected in changes that have been made to both its
structure and contents, aiming to make the book useful and helpful
in engaging questions that are seen as both important and



representative within the field. Both the author and publisher will be
delighted to receive further comments and criticism, which will be
helpful to them in developing future editions of this work.

Alister E. McGrath
Oxford University
September 2019



Chapter 1 
Science and Religion: Exploring a
Relationship
Religion and science are two of the most significant and interesting
cultural and intellectual forces in today's world. The field of science
and religion, which this book aims to introduce, sets out to explore
what these two conversation partners might learn from each other,
and where they diverge. Many leading thinkers at the time of the
Renaissance used the metaphor of the ‘God's Two Books’ as a way of
visualizing this process of allowing both science and religious faith to
illuminate reality. It was, many believed, both possible and
important to read the ‘Book of Nature’ and the ‘Book of Scripture’
side by side and allow them to inform and enrich each other.
Although the invention of the idea of a permanent warfare between
science and religion in the late nineteenth century caused many to
question this approach, the scholarly discrediting of this ‘warfare’
metanarrative, which was essentially complete by the opening of the
twenty‐first century, has given rise to new interest in finding ways of
reclaiming and reformulating this dialogue. As Albert Einstein
famously remarked: ‘Science without religion is lame, religion
without science is blind.’

Why Study Science and Religion?
Many people are drawn to study the relation of science and religion
because it is interdisciplinary – in other words, it offers a richer and
grander vision of our world and humanity than is possible for either
of the dialogue partners on their own. Neither science nor religion
can provide a total account of reality. Science does not answer every
question that we might have about the world. Neither does religion.
Yet, taken together, these can offer us a stereoscopic view of reality
denied to those who limit themselves to one discipline's perspective.



The Spanish philosopher José Ortega y Gasset is one of many to
argue that human beings need more than the partial account of
reality that science offers if they are to lead fulfilled lives. We need a
‘big picture’, an ‘integral idea of the universe’. Any philosophy of life,
any way of thinking about the questions that really matter, according
to Ortega, will thus end up going beyond science – not because there
is anything wrong with science, but precisely because it is so focused
and specific in its methods.

Scientific truth is characterized by its precision and the certainty
of its predictions. But science achieves these admirable qualities
at the cost of remaining on the level of secondary concerns,
leaving ultimate and decisive questions untouched.

Albert Einstein made a similar point concerning the strengths and
limits of the natural sciences, opening up the possibility of some
form of dialogue or intellectual synergy to permit the crossing of
intellectual frontiers in pursuit of new understandings.

The scientific method can teach us nothing else beyond how facts
are related to, and conditioned by, each other. … Yet it is equally
clear that knowledge of what is does not open the door directly to
what should be. One can have the clearest and most complete
knowledge of what is, and yet not be able to deduce from that
what should be the goal of our human aspirations.

The study of the interaction of religion and the natural sciences
continues to be influenced by the ‘warfare’ model of the relation of
science and religion, which leads some scientists and religious
believers to see them as necessarily locked in mortal combat. Science
and religion are thus at war with each other, and that war will
continue until one of them is eradicated. Although this view tends to
be associated particularly with dogmatic atheist scientists, such as
Peter Atkins (born 1940) or Richard Dawkins (born 1941), it is also
encountered among religious believers. Some fundamentalist
Christians and Muslims, for example, see science as a threat to their
faith. A good example of this can be found in the criticisms of
evolution made by conservative Protestant Christians, who see it as
undermining their interpretation of the biblical creation accounts.



We shall explore the origins of this ‘warfare’ model of the interaction
between science and religion later in this work. Yet although it
remains influential culturally, it is not seen by historians of science
as being reliable or defensible, and is no longer taken seriously by
historical scholarship. It is certainly true that there are tensions
between science and religion; yet their relationship is far more
complex than this. If anything, science now seems to be opening up
religious questions, rather than closing them down or declaring them
to be meaningless. Natural science is increasingly being recognized
to throw up questions that point beyond itself and transcend its
power to answer.

Commenting on the scientific search for the origins of the universe,
the astronomer Robert Jastrow notes how modern science seems to
end up asking precisely the same questions as those posed in earlier
generations by religious thinkers.

It is not a matter of another year, another decade of work, another
measurement, or another theory; at this moment, it seems as
though science will never be able to raise the curtain on the
mystery of creation. For the scientist who has lived by his faith in
the power of reason, the story ends like a bad dream. He has
scaled the mountains of ignorance; he is about to conquer the
highest peaks; as he pulls himself over the final rock, he is greeted
by a band of theologians who have been sitting there for centuries.

Science and religion are, this work will suggest, able to engage in a
meaningful dialogue about some of the great questions of life. Yet the
term ‘dialogue’ is too easily understood as a cosy and uncritical
conversation, often tending towards an agreeable yet unwarranted
assimilation of ideas. That is not the view advocated in this work.
This kind of dialogue needs to be robust and challenging, probing
deep and potentially threatening questions concerning the authority
and limits of each participant and discipline. A dialogue is
characterized by what many now call ‘epistemic virtue’, requiring
each participant to take the other seriously, attempting to identify its
strengths and weaknesses, while at the same time being willing to
learn from the other, and face up to its own limits and
vulnerabilities.



The dialogue between science and religion sets out to ask whether, in
what ways, and to what extents, these two conversation partners
might learn from each other. Give the cultural importance of both
science and religion, the exploration of how they relate to each other
has the potential for both conflict and enrichment. Despite the risks
to both sides, it remains profoundly worthwhile. Why? Three reasons
are often given for this judgement.

1. Neither science nor religion can lay claim to give a total account
of reality. It is certainly true that some on each side have offered
grand visions of their discipline being able to answer every
question about the nature of the universe and the meaning of
life – as, for example, in Richard Dawkins's notion of ‘universal
Darwinism’. These, however, are not regarded as representative
by their peers. Nor is the notion of ‘non‐overlapping magisteria’,
developed by writers such as the late Stephen Jay Gould. This
envisages that science and religion occupy well‐defined domains
or areas of competency, which do not overlap or intersect. No
conversation is necessary – or possible.

Science and religion are perhaps better thought of as operating
at their own distinct levels, often reflecting on similar
questions, yet answering them in different ways. There are
indeed some scientists who declare they have displaced religion
(evident in recent ‘scientific atheism’), just as there are religious
activists who claim to have displaced science (evident in
modern American ‘creationism’). Yet these are merely extreme
positions in a spectrum of possibilities. Most would suggest that
science does not – and cannot – answer every question that we
might have about the world. Neither does religion. Yet taken
together, they can offer a stereoscopic view of reality denied to
those who limit themselves to one discipline's perspective on
things. The science and religion dialogue allows us to
appreciate the distinct identities, strengths, and limits of each
conversation partner. It also offers us a deeper understanding
of things than either religion or science could offer unaided.

2. Both science and religion are concerned about making sense of
things. Although many religions, including Christianity, aim for
the transformation of the human situation, most also link this



with offering an explanation of the world and human beings.
Why are things the way they are? What explanations may be
offered for what we observe? What is the ‘bigger picture’ which
helps us to make sense of our observations and experience?
Scientific and religious explanations generally take different
forms, even when reflecting on the same observations. Although
there is an obvious risk in this simplification, it is helpful to
think of science asking ‘how’ questions, where religion asks
‘why’ questions. Science seeks to clarify mechanisms; religions
seek to explore questions of meaning.

These approaches do not need to be seen as being in
competition, or as being mutually incompatible. They operate
at different levels. While some scientists hold that we can go no
further than understanding how things happen, others argue
that we need to answer what the philosopher of science Karl
Popper termed ‘ultimate questions’ – such as the meaning of
life. One of the most influential discussions of this point is
found in the social psychologist Roy Baumeister's classic work
Meanings of Life (1993). For Baumeister, the human quest for
meaning focuses on a series of basic human needs – such
purpose, efficacy, and self‐worth. Why am I here? Can I make a
difference? Do I really matter? Science may inform the answers
given to these questions, but it does not determine them.

3. In recent years there has been a significant increase in
awareness within the scientific community of the broader issues
raised by its research, and the limits placed upon that
community's ability to answer them. An obvious example
concerns ethical questions. Is science able to determine what is
right and what is wrong? Most scientists would affirm that their
discipline is fundamentally amoral – that is, that the scientific
method does not extend to moral questions.

This does not mean that scientists lack interest in moral questions;
the point is that most scientists recognize that their disciplines
cannot create or sustain moral values – a point to which we shall
return later in this volume (179–85). For example, consider the
point made by Stephen Jay Gould in his important essay ‘Nonmoral
Nature’:



Our failure to discern a universal good does not record any lack of
insight or ingenuity, but merely demonstrates that nature
contains no moral messages framed in human terms. Morality is a
subject for philosophers, theologians, students of the humanities,
indeed for all thinking people. The answers will not be read
passively from nature; they do not, and cannot, arise from the
data of science. The factual state of the world does not teach us
how we, with our powers for good and evil, should alter or
preserve it in the most ethical manner.

This has led to growing interest in dialogical approaches to such
issues. Natural scientists seem increasingly willing to complement
scientific understandings of the world with additional approaches
that permit or encourage the ethical, aesthetical, and spiritual
enhancement of their approaches. Religion is being seen increasingly
as an important dialogue partner in allowing the natural sciences to
engage with questions which are raised, yet not answered, by
scientific research. Debates about the ethics of biotechnology, for
example, often raise important questions which science cannot
answer – such as when a human ‘person’ comes into existence, or
what constitutes an acceptable quality of life.

The Chessboard: The Diversity of Science and
Religion
Many rightly express a concern about the coherence of the field of
science and religion. Is it conceptually integrated – or is it just a
sprawling mass of disconnected debates and discussions, gathered
together for the sake of convenience under the loose framework of
‘science and religion’? This is a fair point to raise, given the diversity
of individual sciences and religions, and the multiplicity of their
possible interactions.

The term ‘science’ is often used to designate the overall empirical and
theoretical enterprise that lies behind or is enfolded within the
various scientific disciplines – such as chemistry, biology, and
psychology. Yet these are individual sciences, which have their own
distinct research methods, histories, and professional communities
of interpretation and application. The uncritical use of the more



general term ‘science’ flattens the landscape of the natural sciences,
failing to do justice to the distinctiveness of each individual science.

‘Religion’ is not a well‐defined category and is thus resistant to
rigorous definition. Scholars working in the field of the psychology of
religion and other empirical approaches to religious thought and
behaviour constantly find themselves frustrated by the lack of an
agreed empirical definition of religion. To name one obvious
problem: if religion is defined in terms of belief in a god or god(s),
this excludes one of the world's major religions – Buddhism.
Religion is not an empirical concept, but a socially constructed
notion. We might agree that there are individual ‘religions’ – such as
Islam, Judaism, and Buddhism – but this does not mean that there
exists some universal essential category of ‘religion’ which each
exemplifies in its own distinct way.

There is now a general consensus that it is seriously misleading to
regard the various religious traditions of the world as variations on a
single theme. During the early 1960s, for example, the Canadian
Islamic scholar Wilfred Cantwell Smith argued that religions do not
possess some common defining feature that is captured and
expressed by the term or underlying category of ‘religion’. Rather,
Smith argued, the concept of ‘religion’ was created by modern
Western scholars and superimposed upon a variety of phenomena,
thus creating the misleading impression of some underlying
universal concept of ‘religion’.

It is also important to appreciate that, in addition to clear differences
across the world's religions, there are also significant variations
within individual religious traditions, such as Christianity.
Conservative Protestants and liberal Catholics are likely to hold very
different views on Charles Darwin's theory of natural selection. So
can one of these alone be identified as ‘the Christian view’, which is
somehow to be seen as normative within a religion? Or must we
learn to acknowledge a diversity of views within a single religious
tradition? Perhaps the wisest approach is simply to respect the
integrity of religious traditions and movements within such
traditions, rather than to attempt to homogenize their ideas or force
them into some artificial common mould. The complexity of modern
Buddhism, Christianity, Islam, and Judaism is such that it is



intellectually precarious to generalize about them without
acknowledging debate and diversity within them.

Yet perhaps the most obvious difficulty with the field of science and
religion is that it designates such a broad field that it runs the risk of
becoming meaningless and useless. Which science? Which religion?
If the field of ‘science and religion’ claims to represent all sciences
and all religions, it becomes unmanageable and incoherent, given the
diversity and complexity of both specific scientific disciplines and
specific religious traditions.

In discussing this point with students at Oxford, I have found the
analogy of a chessboard to be helpful. A chessboard has multiple
spaces (in this case, 64) – but they are not all occupied. The field of
science and religion, at least in theory, offers a vast array of
intellectual possibilities – such as the relation of Buddhism and
Psychology, or Islam and Biology. Yet not all of these possibilities
have attracted intellectual attention. Some spaces are packed full of
researchers, scholars, and interested readers; others are virtually
empty. Examples of highly populated areas of interest within this
field include:

The Natural Sciences and Arguments for the Existence of God;

The Significance of Darwinism for Religious Belief.

Yet other areas, despite clearly being of intellectual interest, remain
understudied. Christianity remains the religious tradition whose
engagements with science have been most widely discussed within
the ‘science and religion’ community, and many highly populated
spaces on the chessboard specifically engage this religious tradition,
particularly in relation to historical questions, such as the relation of
Christianity and the origins of the scientific revolution in western
Europe.

The chessboard model helps us visualize the extensive field of
science and religion, and identify the spaces that have dominated
discussion within the field – and which thus need to be included
within this book. Given that this work is intended to serve as a
textbook, it is clearly important to map its contents onto both
scholarly activity within the field, and popular interest in the field.



This work thus engages the most highly populated squares on the
chessboard, while recognizing that there are other areas of legitimate
intellectual interest which have not yet secured the attention that
they deserve.

Ian Barbour's Four Models of the Relation of
Science and Religion
So how do we understand the general relationship of science and
religion? What models are available to us as we try to envisage their
possible relationships? One of the most influential accounts of
approaches to the relation of science and religion is due to Ian G.
Barbour (1923–2013), a pioneer of studies in the field of science and
religion. Many would argue that the emergence of the field of ‘science
and religion’ as an area of study in its own right dates from 1966,
when Barbour's landmark work Issues in Science and Religion was
published. Barbour was born on 5th October 1923 in Beijing, China,
and initially focused his studies on the field of physics, gaining his
PhD from the University of Chicago in 1950. His first academic
appointment was at Kalamazoo College, Michigan, as professor of
physics. However, he had a strong interest in religion, which he was
able to pursue through studies at Yale University, leading to a BD in
1956. He served for many years in various roles, including Chairman
of the Department of Religion and Professor of Physics at Carleton
College, Northfield, Minnesota (1955–1981). He finally became
Winifred and Atherton Bean Professor of Science, Technology and
Society at the college (1981–1986). He died in 2013.

Barbour's characteristic concern to relate science and religion
developed during the 1960s, and led to the publication of the book
for which he is best known – Issues in Science and Religion (1966).
This book reflected his experience of teaching in both the areas of
science and religion – teaching interests which he was able to
maintain throughout most of his academic career. During the 1970s,
Barbour developed his interests further through a program on ethics,
public policy, and technology, which identified and engaged with a
series of religious issues. Issues in Science and Religion is widely
regarded as an authoritative, clearly written, and learned book that
introduced many people to the fascinating questions which were



associated with this field. Since then, Barbour has authored or edited
a series of works dealing with issues on the interface of science and
religion (most notably Religion in an Age of Science, which appeared
in 1990, based on the Gifford lectures given at the University of
Aberdeen in 1989). He is widely regarded as the doyen of dialogue in
this field, and was honoured for this by the American Academy of
Religion in 1993. Barbour was awarded the Templeton Prize for
Progress in Religion in 1999 in recognition of his efforts to create a
dialogue between the worlds of science and religion.

Barbour has played an enormous role in catalysing the emergence of
this distinct field, and has had considerable personal influence on
shaping its dynamics – including his formulation of an influential
typology of possible relationships between science and religion.
Barbour's typology of ‘ways of relating science and religion’ first
appeared in 1988 and remains widely used, despite some obvious
weaknesses. Barbour lists four broad types of relations: conflict;
independence; dialogue; and integration. In what follows, we shall
set out and illustrate Barbour's fourfold scheme, before noting some
questions that need further exploration.

Conflict
Historically, the most significant understanding of the relation
between science and religion is that of ‘conflict’, or perhaps even
‘warfare’. This strongly confrontational model continues to be deeply
influential at the popular level, even if its appeal has diminished
considerably at a more scholarly level. ‘The war between science and
theology in colonial America has existed primarily in the cliché‐
bound minds of historians’ (Ron Numbers). This influential model
was expounded in two influential works published in the later part of
the nineteenth century – John William Draper's History of the
Conflict between Religion and Science (1874) and Andrew Dickson
White's History of the Warfare of Science with Theology in
Christendom (1896). The best‐known late twentieth century
representative of this approach is Richard Dawkins, who argues that:
‘Faith is one of the world's great evils, comparable to the smallpox
virus but harder to eradicate.’ For Dawkins, science and religion are
implacably opposed.



Yet this model is not restricted to anti‐religious scientists. It is
widespread within conservative religious groups within Christianity
and Islam, who are often virulently hostile to the idea of biological
evolution. The creationist Henry M. Morris (1918–2006) published a
sustained critique of modern evolutionary theory with the title The
Long War against God (1989). In an appreciative foreword to the
book, a conservative Baptist pastor declares that: ‘Modern
evolutionism is simply the continuation of Satan's long war against
God.’ Morris even invites us to imagine Satan imagining the idea of
evolution as a means of dethroning God.

Yet many of the historical episodes that are traditionally placed in
this category, or held to represent its manifestation, can be
interpreted in other ways. The Galileo controversy of the seventeenth
century, for example, is still presented as a classic example of
‘science against religion’, even though it is now recognized to be a
much more complex and nuanced matter. Similarly, Darwin's theory
of evolution is often presented in the popular media as anti‐religious
in nature and intention, even though Darwin himself was adamant
that it was not. Indeed, in 1889 the Anglican theologian Aubrey
Moore remarked that: ‘Darwinism appeared, and, under the disguise
of a foe, did the work of a friend.’ The issue of whether science and
religion are in conflict all too often seems to rest on complex issues of
interpretation, which are often sidelined by those looking for simple
answers and slick slogans.

More importantly, the conflict model is increasingly being seen as a
distinctively Western way of thinking, which is grounded in the
specific histories and the implicit cultural norms of Western nations,
particularly the United States of America. Researchers have noted
that the relation of science and religion in non‐Western cultures –
such as India – is understood in a very different (and much more
positive) way. Recent surveys indicate that the general approach
which Barbour designates ‘independence’ (see below) is dominant
amongst scientists in North America and Western Europe, whereas a
more collaborative or dialogical approach is dominant within
scientific communities in Asia.

Although some Western cultural commentators regard the ‘warfare’
model as normative, it is nothing of the sort. It is simply one option



within a spectrum of possibilities, which became influential as a
result of a set of historical circumstances, rather than having
anything to do with the essential nature of either science or religion.
Furthermore, the ‘conflict’ model retains its credulity largely on
account of conflicts arising from very specific issues – chiefly the
teaching of evolution in schools and issues of therapeutic gene
modification.

Independence
The Darwinian controversy caused many to distrust the ‘warfare’ or
‘conflict’ model. In the first place, it was seen to be historically
questionable. Yet in the second, there was growing concern to
prevent any alleged ‘conflict’ to damage either science or religion.
This led many to insist that the two fields had to be regarded as
completely independent of each other. This approach insists that
science and religion are to be seen as independent, autonomous
fields of study or spheres of reality, with their own distinct rules and
languages. Science has little to say about religious beliefs, and
religion has little to say about scientific study.

This approach is found in the 1981 policy statement of the American
National Academy of Science, which declared that: ‘Religion and
science are separate and mutually exclusive realms of human
thought whose presentation in the same context leads to
misunderstanding of both scientific theory and religious belief.’ It is
also found in Stephen Jay Gould's model of ‘non‐overlapping
magisteria’ (NOMA), which argues for the affirmation of mutual
respect and the recognition of differing methodologies and domains
of interpretation between science and religion:



I believe, with all my heart, in a respectful, even loving concordat
between our magisterial – the NOMA solution. NOMA represents
a principled position on moral and intellectual grounds, not a
mere diplomatic stance. NOMA also cuts both ways. If religion
can no longer dictate the nature of factual conclusions properly
under the magisterium of science, then scientists cannot claim
higher insight into moral truth from any superior knowledge of
the world's empirical constitution. This mutual humility has
important practical consequences in a world of such diverse
passions.

A variant of this approach is provided by the American theologian
Langdon Gilkey (1919–2004). In his 1959 work Maker of Heaven
and Earth, Gilkey argues that theology and the natural sciences
represent independent and different ways of approaching reality.
The natural sciences are concerned with asking ‘how’ questions,
where theology asks ‘why’ questions. The former deals with
secondary causes (that is, interactions within the sphere of nature),
while the latter deals with primary causes (that is, the ultimate origin
and purpose of nature).

This independence model appeals to many scientists and theologians
because it gives them freedom to believe and think what they like in
their own respective fields (‘magisteria’, to use Gould's phrase),
without forcing them to relate these magisterial to each other.
However, as Ian Barbour points out, this inevitably
compartmentalizes reality. ‘We do not experience life as neatly
divided into separate compartments; we experience it in wholeness
and interconnectedness before we develop particular disciplines to
study different aspects of it.’ In other words, these circles cannot
avoid some degree of overlap and interaction; they are not
completely separate.

Dialogue
A third way of understanding the relation between science and
religion is to see them as engaged in a dialogue, leading to enhanced
mutual understanding. As the late pope John Paul II commented in
1998: ‘The Church and the scientific community will inevitably
interact; their options do not include isolation.’ So what form might



their interaction take? How might they complement each other? For
John Paul II, the answer was clear: ‘Science can purify religion from
error and superstition; religion can purify science from idolatry and
false absolutes. Each can draw the other into a wider world, a world
in which both can flourish.’

This point was further developed by the ‘Dialogue Group’ of
scientists and Catholic bishops in the United States, who declared
that: ‘Science and religion can offer complementary insights on
complex topics like the emerging bio‐technologies.’ We see here a
recognition that the moral limitations placed on the natural sciences
by virtue of the amoral character of the scientific method leads to a
realization of the need to supplement the scientific discussion from
other sources. We shall return to this discussion later in this work
(179–85).

This dialogue respects the distinct identity of its participants, while
exploring shared presuppositions and assumptions. Ian Barbour
regards this model as probably the most satisfactory of the possible
range of approaches. It is also found throughout the recent writings
of John Polkinghorne, who points out a series of significant parallels
between the two magisterial. For example, both science and religion
involve at least some degree of personal judgement, in that both deal
with data that is ‘theory laden’. Similarly, both involve a series of
what might be termed ‘fiduciary’ assumptions – for example, that the
universe is rational, coherent, ordered, and whole. A similar concern
underlies Alister E. McGrath's Enriching Our Vision of Reality
(2016), which aims to enhance the intellectual rigour of Christian
theology through an extended dialogue with the natural sciences,
especially in relation to issues of methods of investigating and
representing reality.

Integration
A fourth understanding of the way in which science and religion
interact can be found in the writings of the British theologian Charles
Raven (1885–1964). In his Natural Religion and Christian Theology
(1953), Raven argued that the same basic methods had to be used in
every aspect of the human search for knowledge, whether religious or
scientific. ‘The main process is the same, whether we are



investigating the structure of an atom or a problem in animal
evolution, a period of history or the religious experience of saint.’
Raven vigorously resists any attempt to divide the universe into
‘spiritual’ and ‘physical’ components, and insists that we must ‘tell a
single tale which shall treat the whole universe as one and
indivisible.’ Barbour himself is very sympathetic to this approach,
and sees process thought as a catalyst to this process of integration.
A similar outlook is found in the later writings of Arthur Peacocke,
who interprets evolution as God's preferred mode of creation.

It is important to note that Barbour tends to present these four
options as stages in an intellectual journey of discovery, perhaps
analogous to John Bunyan's classic The Pilgrim's Progress. The
intellectual wayfarer might begin with Conflict, following by a brief
and unsatisfactory flirtation with Independence, and finally finding a
satisfactory resting place in Dialogue or some form of Integration.
Both the Conflict and Independence models are wrong, Barbour
argues, whereas the Dialogue and Integration approaches are right.
Inevitably, those who are interested in trying to find a reliable and
unbiased account of the possibilities will find Barbour's
presuppositions slightly unsettling at this point, and wonder if less
prescriptive approaches might be available.

So what difficulties are raised by this simple taxonomy? The most
obvious is that it is inadequate to do justice to the complexity of
history. As Geoffrey Cantor and Chris Kenny point out in a
thoughtful critique of Barbour's approach, history bears witness to a
series of complications that cannot be incorporated in simplistic
taxonomies. It is difficult to refute this point. Barbour's four‐fold
scheme is useful precisely because it is so simple. Yet its simplicity
can be a weakness, as much as a strength.

More seriously, the model is purely intellectual in its approach,
concerning how ideas are held together. What about the social and
cultural aspects of the matter, which play such an important role in
any attempt to understand how the interaction of science and
religion works out in practice, either in the past or the present?
There has been a growing trend in recent scholarship to shift the
analysis away from a purely intellectual approach to the interaction



of science and religion, in order to consider their symbolic and social
dimensions, where the interaction is much more nuanced.

Furthermore, the historical context often needs close examination.
Supposed tensions and conflicts between science and religion, such
as the Galileo controversy, often turn out to have more to do with
papal politics, ecclesiastical power struggles, and personality issues
than with any fundamental tensions between faith and science.
Historians of science have made it clear that the interaction of
science and religion is determined primarily by the specifics of their
historical circumstances, and only secondarily by their respective
subject matters. There is no universal paradigm for the relation of
science and religion, either theoretically or historically.

The case of Christian attitudes to evolutionary theory in the late
nineteenth century makes this point particularly evident. As the
geographer and intellectual historian David Livingstone
demonstrated in his ground‐breaking study of the reception of
Darwinism in two very different contexts – Belfast, Northern
Ireland, and Princeton, New Jersey – local issues and personalities
were often of decisive importance in determining the outcome,
rather than any fundamental theological or scientific principles.

Nevertheless, despite its limitations, the framework set out by
Barbour remains helpful as a means of approaching the field of
science and religion studies. It represents a useful description of
possible approaches but should not be pressed too far in terms of a
rigorous analysis of the issues. Perhaps it could be thought of as a
useful sketch of the terrain, rather than as a detailed and precise
map.

This sketch has been extended by others working in the field, such as
Ted Peters, who suggests that ten approaches can be discerned, four
of which rest on the assumption of conflict between science and
religion and six of which offer approaches which assume there is a
truce or even a potential partnership between them. Peters describes
these as follows:



The first four assume conflict or even war: (1) scientism; (2)
scientific imperialism; (3) theological authoritarianism; and (4)
the evolution controversy. Six additional models assume a truce or
even more, they pursue partnership: (5) the Two Books; (6) the
Two Languages (separation; independence); (7) ethical alliance;
(8) dialogue leading to creative mutual interaction; (9)
naturalism; and (10) theology of nature.

Four Ways of Imagining the Relation of Science
and Religion
Complex relationships are often best represented visually or
imaginatively. Analogies and metaphors are helpful in exploring
disciplinary boundaries, mapping complex structures, and framing
potential relationships. In this section, we shall consider four ways of
imagining the relation of science and religion. The first three make
no religious assumptions; the fourth is based on some Christian
assumptions, making it helpful for those who work within this way of
thinking, although perhaps less useful for those who do not share its
core theological assumptions. In what follows, we shall consider four
ways of envisaging or imagining the relation of science and religion.
They are not ‘models’, as this word is normally used, but are rather
lenses or frameworks which allow us to visualize possible
relationships.

Science and Religion Offer Distinct Perspectives
on Reality
The first analogy invites us to see science and religion as offering
distinct perspectives on a complex reality. I shall explore this
approach as it is presented in the writings of Charles A. Coulson, one
of the pioneers in the dialogue between science and religion. Coulson
was Professor of Theoretical Chemistry at Oxford University and
author of Science and Christian Belief (1955), an influential account
of the relation of the natural sciences and Christianity.

Coulson was an enthusiastic mountaineer and illustrated his
approach with the Scottish mountain Ben Nevis. Coulson invited his
readers to join him in an imaginative walk around this mountain and



reflect on how the mountain appeared when viewed from different
angles of approach. Seen from the south, the mountain presents
itself as a ‘huge grassy slope’; from the north, as ‘rugged rock
buttresses’. Regular visitors to the mountain are familiar with these
different perspectives. ‘Each looks at the mountain; each sees certain
things and each tries to describe his encounter with the mountain in
terms that make sense. Each devises a language that is suitable for
his particular purpose.’ The complex structure of Ben Nevis cannot
be grasped fully from any single angle of approach. ‘Different views
of the same reality will appear different, yet both be valid.’ A full
description requires these different perspectives to be brought
together, and integrated into a single coherent picture. The whole is
the sum of these multiple perspectives.

It was a simple analogy, and it is easily applied to the relation of
science and faith. Coulson's core insight is that ‘different viewpoints
yield different descriptions’. A scientist, a poet, and a theologian each
offers a distinct perspective on the complex reality of our experience.
Each describes what they see using their own distinct language and
imagery. For Coulson, this shows the need for an overall, cumulative,
and integrated picture of reality, with both science and religion
offering their own perspectives, each of which is valid yet
incomplete.

The human experience of reality is complex, and there is space for
both scientific and religious approaches to grasping that reality. ‘The
two worlds are one, though seen and described in appropriate terms;
and it is only the man who cannot, or will not, look at it from more
than one viewpoint who claims an exclusive authority for his own
description.’ Coulson recognized that some scientists and
theologians claimed their own insights represented a monopoly on
truth. His view, however, was that they both offered partial insights,
which needed to be woven together into a more complete and
reliable picture.

This is a helpful approach. However, it offers a somewhat flat
account of reality. Many would argue that reality is multi‐layered,
and that each of these layers needs to be explored in a distinct way,
adapted to its characteristics. This leads us neatly into the second
approach we need to consider.



Science and Religion Engage Distinct Levels of
Reality
The theoretical physicist Werner Heisenberg is one of many
influential scientists who emphasize that it is not possible to speak of
‘the scientific method’. Each scientific discipline develops its own
research methods, which are adapted to its research tasks and field
of inquiry. ‘We need to remember that what we observe is not nature
itself, but nature as it is disclosed by our methods of investigation.’
Heisenberg's point suggests that the scientific need to use a
multiplicity of research methods leads to a corresponding plurality of
perspectives or insights about reality, which thus need to be woven
together in some way to give rise to the best possible overall
representation of nature.

Heisenberg recognizes both the complexity of the natural world and
human experience, and offers an account of this which recognizes a
plurality of approaches and intellectual outcomes. Heisenberg was
able to accommodate both art and religion within his overall
approach, distinguishing these from the natural sciences, while
affirming their cultural legitimacy and intellectual distinctiveness.
Art, science, and religion were the outcomes of different methods,
and were to be seen as part of the greater human engagement with
reality, which requires multiple research methods.

This framework offers some important possibilities for both
identifying the distinct ‘knowledge products’ of science and religion.
It respects the difference between science and religion, avoiding any
attempt to confuse or conflate them; however, it holds that it is
possible to bring together the different levels of knowledge that they
produce. As we shall consider at several points in this work, the
natural sciences are primarily concerned with understanding how
things function, whereas religion is more concerned with what they
mean. These represent different levels of engagement with human
existence. Yet they can be brought together to give a fuller and richer
understanding of the distinct nature of humanity.

Science and Religion Offer Distinct Maps of
Reality



A third approach is found in the writings of the British philosopher
Mary Midgley, who frequently considered the relationship between
the natural sciences and other disciplines. Midgley argued that the
project of engaging the most important questions in human life
demanded that a number of different conceptual tool‐boxes had to be
used together to disclose the full picture of human existence. A single
method of investigation will illuminate only some aspects of our
world. To limit ourselves to the methods of the natural sciences in
general, or one natural science (such as physics) in particular, leads
to what Midgley calls a ‘bizarrely restrictive view of meaning’.

Midgley thus argues that we need to develop ‘multiple maps’ of
reality. No single approach is adequate to do justice to the natural
world. We need ‘many windows’ on a complex reality if we are to
represent it adequately rather than reduce it to one privileged
perspective. Consider an atlas, which provides us with many maps of
the same region – for example, North America or Europe. But why
do we need so many maps to represent one region? Surely one is
enough? Midgley's answer is simple: because different maps provide
different information about the same reality.

A physical map of Europe shows us the features of the landscape. A
political map shows the borders of its nation states. Midgley's point
is that each map is designed to answer a specific set of questions.
What language is spoken here? Who rules this territory? Each map
makes sense of the landscape by answering certain questions about it
– and not others. If we want to gain a comprehensive understanding
of our world, we have to find some way of bringing them all together.
We might superimpose them, so that their information can be fully
integrated. One map on its own cannot tell us everything we wish to
know. It can help us understand part of a bigger picture – but to see
the full picture we need multiple maps. Each map answers a different
question – and each of those questions is important. Science maps
our world at one level, explaining how it functions; religion maps our
world at another level, explaining what it means.

The Two Books: Two Complementary
Approaches to Reality



Finally, we turn to a way of visualizing the relation of the natural
sciences and Christianity which emerged during the European
Renaissance, and did much to encourage the rise of science by
showing how it was consistent with a religious way of thinking. The
metaphor of the ‘Two Books of God’ invites us to imagine both
nature and the Christian Bible as texts originating from the same
author, both of which require interpretation. The metaphor of the
‘Two Books of God’ was widely used to maintain the distinctiveness
of the natural sciences and Christian theology on the one hand, yet to
affirm their capacity for positive interaction on the other. Both, it
was argued, were written by God; both disclosed God, in different
ways and to different extents. These two books could be read
individually; but they could also be read side by side, each
illuminating the other.

This metaphor served several important functions during the
emergence of the natural sciences from about 1500 to 1750. John
Calvin's Institutes of the Christian Religion (1559) were developed to
help Christians discern the ‘big picture’ of the Christian faith, which
Calvin argued explicitly encouraged a dialogue between the natural
sciences and theology, recognizing both the parallels and divergences
between the Two Books. ‘The knowledge of God, which is clearly
shown in the ordering of the world and in all creatures, is still more
clearly and familiarly explained in the Word.’ Later Reformed
confessions of faith – such as the Belgic Confession – affirmed that
the universe is laid out before us like a ‘beautiful book’, designed to
encourage us to ‘reflect on the invisible things of God’. For Calvin,
the Bible both clarified and extended this knowledge of God, setting
it on a more reliable foundation.

The metaphor of the ‘Two Books of God’ rests on the fundamental
belief that the God who created the world is also the God who is
disclosed in and through the Christian Bible. Without this underlying
and informing assumption, the ‘Two Books’ need not be seen as
connected in any way. The link between them is grounded in the
Christian theological belief in a creator God who is revealed in the
Bible. The Christian metaphor of the ‘Two Books’ sought to hold
together the various elements of human knowledge, seeing this both
as a cultural virtue and a spiritual duty. As has often been noted, one
of the motivations for the serious scientific study of nature was a



profound sense that this would enrich the believer's appreciation of
the beauty and wisdom of God as creator.

The analogy of God's ‘Two Books’ thus emphasizes that the natural
world and the Christian faith are distinct, and that they must not be
conflated or assimilated. Each has its own distinct topics and
methods of investigation, representation, and systematization. Yet
these two books relate to each other, each enriching the other. The
investigation of the natural world requires one method; the
interpretation of the Bible requires another. Yet these two distinct
disciplines are able to illuminate each other and enrich their readers'
grasp of the significance of nature. The metaphor creates an
expectation of a meaningful, if limited, dialogue between science and
Christianity, which is grounded in a theological insight – namely,
that God is the author of each of these Two Books.

Already in this chapter, we have referred to some historical
landmarks in the interaction of science and religion. In the next
chapter, we shall explore four such landmarks in greater detail,
setting the scene for some of the discussions in later sections of this
work.
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Chapter 2 
Getting Started: Some Historical
Landmarks
Many people are attracted to study the relation of science and
religion because it engages many of today's ‘big questions’ – such as
how to live a good life, and how we can inhabit this puzzling universe
in a meaningful way. Part of the sheer excitement of this field is the
fact that it engages live debates, issues that are of immediate
relevance. Yet many who are exploring the field of science and
religion for the first time find themselves puzzled by the emphasis
that many works in this field place on past discussions and debates.

Why study past debates, when these seem irrelevant to
contemporary concerns? Why look at the past, when there are so
many important discussions taking place in the present? Many
natural scientists point out that their disciplines are developing so
rapidly that older ideas become outdated with alarming speed, with
research articles becoming outdated within two decades. To study
history seems to be about disengaging from the real world and
entering a very different world that bears little relation to ours. ‘The
past is a foreign country: they do things differently there’ (L. P.
Hartley).

Nevertheless, anyone wishing to understand the interaction of
science and religion needs to become familiar with at least four
major historical landmarks – the astronomical debates of the
sixteenth and early seventeenth centuries; the rise of the Newtonian
worldview in the late seventeenth and eighteenth century; the
Darwinian controversy of the nineteenth century; and the
cosmological developments of the twentieth century relating to the
origins of the universe. The issues raised by these developments are
found again and again in contemporary debates. They loom over
contemporary discussions of the relation of science and faith in
general, while raising specific questions that continue to be debated



today, often relating to biblical interpretation. Memories of past
debates constantly hover around today's discussions.

This chapter aims to introduce these historical landmarks, indicating
the major points they raise for discussion and their significance for
our time. As these four discussions are constantly referred to in the
literature concerning the theme of ‘science and religion’ – as they are
also in the present text – readers need to be familiar with the basic
ideas and developments. They are therefore discussed in this early
section, along with the emergence of the ‘medieval synthesis’, which
many scholars now consider to have provided the essential
intellectual context for the emergence of the natural sciences.

Yet many readers of this work, while recognizing the practical force
of this point, will still want to ask why they should bother studying
history at all. Before looking at these four specific debates, we shall
pause and give some thought to the place of history in the interaction
between science and religion.

Why Study History?
What is the point of looking back to the past when we are meant to
be talking about themes concerning science and religion in the
twenty‐first century? Why study debates from centuries ago, when
there is so much that is intellectually important and interesting in
the present? These are fair questions, which deserve careful answers.

Any discussion of the relationship between science and religion
today has been made problematic by the lingering influence of past
controversies, often in the form of popular misreadings or
misrepresentations of multifaceted historical episodes. For example,
the tensions between Galileo and the church were complicated by
institutional apologetics and the political power of Aristotelian
approaches to science, especially at the University of Padua. Modern
scholarship has successfully deconstructed popular historical
accounts of many of these controversies, exposing the power
dynamics and cultural agendas of many of those who seek to portray
science and Christianity as locked in mortal combat.

In a series of important and influential historical studies of science
and religion, published in the 1990s and beyond and focusing



especially on the nineteenth century, the Oxford scholar John Hedley
Brooke has argued that serious scholarship in the history of science
has revealed ‘so extraordinarily rich and complex a relationship
between science and religion in the past that general theses are
difficult to sustain. The real lesson turns out to be the complexity.’
Brooke's analysis has found widespread support within the scholarly
community, even if it has been slow to filter down to popular
discussions. Peter Harrison has more recently pointed out that ‘study
of the historical relations between science and religion does not
reveal any simple pattern at all’, such as the monomyth of the
‘conflict’ narrative, which we shall consider below. It does, however,
disclose a general trend – that for most of the time, according to
Harrison, religion has facilitated scientific inquiry.

Historical research over the last three decades has made it clear that
there is no ‘right’ or privileged way of understanding the relationship
of science and religion. Instead, we find a rich range of possibilities,
some of which are declared to be normative by those with special
interests in the matter. The tendency to essentialize both ‘science’
and ‘religion’ has led many to neglect the importance of historical
and cultural context in shaping perceptions about how Christianity
and the natural sciences should – or might – relate to each other.

In what follows, we shall look at how studying the past history of the
interaction of science and religion helps us understand their present
relationship. To explore the importance of this point, we shall begin
by considering the origins of the widespread popular belief that
science and religion are permanently at loggerheads – the so‐called
‘warfare’ model of the interaction of science and religion. This is still
deeply embedded in popular thinking.

Inventing the ‘Warfare’ of Science and Religion
The relationship between science and religion has always been
complex. There is no ‘master narrative’ which describes their
relationship – such as the notoriously inaccurate ‘warfare’ narrative,
noted above, which posits that science and religion have always been
engaged in a fight to the death. It is well known that the scientific
revolution witnessed both tension and collaboration between
traditional religious viewpoints and innovative scientific theories.



To illustrate this complex picture, let us consider the Christian
doctrine of creation, which shaped the intellectual world of early
modern Europe, and encouraged people to think of a regular,
ordered universe that reflected the wisdom of its creator. Intense
study of the created order was seen by many as a means of gaining an
increased appreciation of the ‘mind of God’. There was thus a
positive religious motivation for undertaking scientific research. Yet
this same traditional doctrine of creation generated tensions,
especially as Charles Darwin's narrative of human origins began to
gain the ascendency in the late nineteenth century. Darwin's theory
seemed to call into question the validity of a literal reading of the
opening chapters of the book of Genesis. Tensions emerged, which
remain to this day.

It is also important to appreciate that science is, almost by definition,
a subversive activity, challenging all kinds of vested interests and
power groups. The physicist Freeman Dyson penned an important
essay entitled ‘The Scientist as Rebel’, in which he pointed out that
many scientists have found themselves engaged in a ‘rebellion
against the restrictions imposed by the local prevailing culture’.

This can easily be illustrated from the history of the interaction of
science and culture. For the Arab mathematician and astronomer
Omar Khayyam (1048–1122), science was a rebellion against the
intellectual constraints of Islam; for nineteenth‐century Japanese
scientists, science was a rebellion against the lingering feudalism of
their culture; for the great Indian physicists of the twentieth century,
their discipline was a powerful intellectual force directed against the
fatalistic ethic of Hinduism (not to mention British imperialism,
which was then dominant in the region). In western Europe,
scientific advance inevitably involved confrontation with the culture
of the day – including its political, social, and religious elements. In
that the West has been dominated by Christianity, it is thus
unsurprising that the tension between science and Western culture
has often been viewed as a confrontation between science and
Christianity. In fact, the real tension is between scientific innovation
and cultural traditionalism.

Yet despite this clear absence of any normative metanarrative of the
relation of religion and science, one ‘story’ has gained the ascendancy



and, despite its obvious evidential underdetermination, it continues
to shape media narratives and cultural attitudes – I refer to the
‘warfare’ model. According to the historian of science Thomas Dixon,
the myth of the ‘warfare’ of science and religion was a self‐serving
myth that was invented by Enlightenment rationalists in the late
1700s, propagated by Victorian free‐thinkers in the late 1800s, and is
defended today by ‘scientific’ atheists and many influential voices
competing for authority within Western popular culture. The idea
that the history of the relationship between science and religion is, in
the first place, simple and, in the second, marked by a perpetual and
necessary conflict of ideas and methods has been comprehensively
refuted by historians of science, such as Colin Russell:

The common belief that … the actual relations between religion
and science over the last few centuries have been marked by deep
and enduring hostility … is not only historically inaccurate, but
actually a caricature so grotesque that what needs to be explained
is how it could possibly have achieved any degree of respectability.

Historical research has shown up both the factual unreliability of this
myth, as well as the social factors that caused it to emerge and gain
cultural traction. In the eighteenth century, a remarkable synergy
developed between religion and the sciences in England. Newton's
‘celestial mechanics’ was widely regarded as consistent with, if not a
confirmation of, the Christian view of God as the creator of a
harmonious universe. Many members of the Royal Society of London
– founded to advance scientific understanding and research – were
strongly religious in their outlooks and saw their religious
commitments as enhancing their commitment to scientific
advancement. The British Association for the Advancement of
Science, founded in 1831, was similarly positive in its attitudes
towards religion, although it was convinced of the importance of
freedom of scientific investigation and expression. During the period
1831–1865, no fewer than 41 clergy of the Church of England had
presided over the various sections of the British Association. (Note,
however, that between 1866 and 1900 this number fell to three as a
new professionalism emerged within the scientific community.)

Yet all this changed in the closing decades of the nineteenth century.
The general tone of the later nineteenth‐century encounter between



religion (especially Christianity) and the natural sciences was set by
two American works – John William Draper's History of the Conflict
between Religion and Science (1874) and Andrew Dickson White's
Warfare of Science with Theology in Christendom (1896). These two
works played an important role in generating the ‘culture wars’ over
science and religion which have become such a distinct feature of
American culture. It is important to note that both these works
appeared after the publication of Charles Darwin's Origin of Species
in 1859. The ‘warfare’ myth originated some time after the
publication of Darwin's work, and was not – as is sometimes
suggested – a direct response to it.

As a generation of historians has now pointed out, the notion of an
endemic conflict between science and religion, so aggressively
advocated by White and Draper, is itself socially determined, created
in the lengthening shadows of hostility towards individual clergy and
church institutions. The interaction of science and religion has been
influenced more by their social circumstances than by their specific
ideas. The late Victorian period itself gave rise to the social pressures
and tensions which engendered the myth of permanent warfare
between science and religion.

A significant social shift can be discerned behind the emergence of
this ‘conflict’ model. From a sociological perspective, scientific
knowledge was advocated by particular social groups to advance
their own specific goals and interests. There was growing
competition between two specific groups within English society in
the nineteenth century: the clergy and the scientific professionals.
The clergy were widely regarded as an elite at the beginning of the
nineteenth century, with the ‘scientific parson’ a well‐established
social stereotype. With the appearance of the professional scientist,
however, a struggle for supremacy began, to determine who would
gain the cultural ascendancy within British culture in the second half
of the nineteenth century. The ‘conflict’ model has its origins in the
specific conditions of the Victorian era, in which an emerging
professional intellectual group sought to displace a group which had
hitherto occupied the place of honour.

The ‘conflict’ model of science and religion thus came to prominence
at a time when professional scientists wished to distance themselves



from their amateur colleagues, and when changing patterns in
academic culture necessitated demonstrating its independence from
the church and other bastions of the establishment. Academic
freedom demanded a break with the church; it was a small step
towards depicting the church as the opponent of learning and
scientific advance in the late nineteenth century, and the natural
sciences as its strongest advocates. This naturally led to earlier
incidents – such as the Galileo debate – being read and interpreted
in the light of this controlling paradigm of the warfare of science and
religion.

The idea that science and religion are in permanent conflict thus
clearly reflects the agendas and concerns of a specific period. Yet that
moment is now past, and its agendas can be set to one side, allowing
a more informed and dispassionate assessment of things. The study
of history allows us both to account for the origins of this deeply
problematic understanding of the relation of science and religion,
and to assess its reliability. Above all, it allows us to move beyond it,
and construct more informed and positive approaches to the
interaction of these two distinct domains of thought.

The ‘Essentialist Fallacy’ about Science and
Religion
Some writers take the view that the relation between science and
Christianity – or any other religion – is permanently defined, at least
in its fundamental respects, by the essential nature of the two
disciplines. To put this another way, science and religion are each
‘reified’ – that is to say, affirmed to have some essential identity,
rather than being shaped by practices. It is argued that, once the
essential nature of the two disciplines is grasped, their mutual
relationship can be inferred as a matter of course. Yet this overlooks
the obvious fact that both of the terms ‘science’ and ‘religion’ have a
changing history of use. Both terms possess a conceptual fluidity that
makes it improper to try and pin them down. Peter Harrison has
persuasively argued that this reification of both science and religion
is a relatively recent development, and he argued for its
deconstruction. For Harrison, a more nuanced reading of history
holds the key to helping us to ‘reconfigure the relationship between



the entities that we now call “science” and “religion” ’, recognizing
that linguistic analysis helps us to realize that their problematic
nature arises out of the language in which they are framed.

Essentialist or reified views of both science and religion are found
particularly in writers who are hostile to religion, such as the
outspoken Chicago geneticist Jerry Coyne.

Religion and science are engaged in a kind of war, a war for
understanding, a war about whether we should have good reasons
for what we accept as true.… I see this as only one battle in a wider
war—a war between rationality and superstition. Religion is but a
single brand of superstition (others include beliefs in astrology,
paranormal phenomena, homeopathy, and spiritual healing), but
it is the most widespread and harmful form of superstition.

However, the essentialist fallacy is not limited to those who advocate
the ‘warfare’ model, being also encountered in the writings of those
who argue that science and religion are essentially collaborative.

Underlying these ‘essentialist’ accounts of the interaction of science
and religion is the assumption that each of these terms designates
something fixed, permanent, and essential. This means that their
mutual relationship is determined by something essential to each of
the disciplines, which is not affected by the contingencies of history
of culture. Yet this tendency to attribute fixed and unchanging
defining qualities to both science and religion has been successfully
challenged by a series of rigorous historical studies. These have
demonstrated the diversity, occasional inconsistency, and sheer
complexity of understandings of the mutual relationship of science
and religion since about the year 1500. No single account or
‘metanarrative’ may be offered of this relationship, precisely because
the variety of relationships that have existed reflect prevailing social,
political, economic, and cultural factors.

There are three main difficulties with this ‘essentialist’ approach, all
of which are shown up by historical scholarship.

1. It treats ‘science’ and ‘religion’ as essentially fixed and
unchanging entities, whose relationship is permanently defined
by their subject matter.



2. It assumes that this relationship may be universally defined in
terms of the ‘warfare’ imagery, which became popular during the
nineteenth century, for reasons we explored earlier. This is then
used as a controlling metanarrative, a prism through which all
related intellectual engagements throughout history are to be
viewed, permanently adversarial.

3. It fails to draw a distinction between the institution of the
Christian church and the ideas of Christian theology, especially
during the late Middle Ages, and fails to appreciate that the
political decisions of the former often rest on considerations
which have little to do with the latter. To critique the leading
ideas of Christian theology on the basis of the actions of certain
late medieval ecclesiastical figures is to assume a simple, direct,
and linear connection between these entities which rarely
existed in practice.

Dispelling Myths about Science and Religion
Certain stereotypes about science and religion remain prevalent in
Western culture. These often rest on misunderstandings or
misreading of history. The study of history helps clear the air for the
dialogue between science and religion by neutralizing the purely
negative perceptions of this relationship which are often perpetuated
in the media. An obvious example is the controversy surrounding
Galileo Galilei's views on the solar system. The Galileo affair is often
portrayed as yet another illustration of the perennial war between
science and religion. Yet things were much more complicated.

Galileo and his heliocentric theories were initially well received
within papal circles. It is generally agreed that Galileo's positive
reputation in ecclesiastical circles until a surprisingly late date was
linked to his close relationship with the papal favourite, Giovanni
Ciampoli. When Ciampoli fell from grace in the spring of 1632,
Galileo found his position seriously weakened, perhaps to the point
of being fatally compromised. Without the protection of Ciampoli,
Galileo became vulnerable to those who wished to discredit him.
Sadly, Galileo and his theories became interlocked with papal politics
and the wider ecclesiastical conflicts of his age.



A second example of a stereotypical account of the relation of science
and religion which can be defused by serious historical scholarship
concerns the famous meeting of the British Association at Oxford on
30 June 1860. The myth that science and religion are permanently at
war with each other is often justified through an appeal to this
meeting of the British Association, which set Samuel Wilberforce,
Bishop of Oxford, against Thomas H. Huxley on the topic of Darwin's
theory of evolution. A generation later, this debate was propelled to
iconic status as a classic example of the ‘warfare of science and
religion’. However, in the last generation, historians have offered a
much more informed and balanced account of the meeting, which is
now seen in a very different light.

The popular image of Huxley's triumphant defeat of a reactionary
religious opponent of evolution is now generally seen as a myth
created by the opponents of organized religion in the 1890s. Recent
revisionist accounts of the meeting call into question overblown and
inaccurate accounts of its significance and offers an informed
reconstruction of the debate which accounts better for the historical
evidence at our disposal.

The British Association for the Advancement of Science was
scheduled to meet in Oxford in 1860. As Charles Darwin's Origin of
Species had been published the previous year, it was natural that it
should be a subject of discussion at the 1860 meeting. Darwin
himself was unwell and was unable to attend the meeting in person.
Huxley – then a young man – was invited in his place. Samuel
Wilberforce, Bishop of Oxford, was also invited to speak. He had
been Vice‐President of the British Association in the past and was
known to be familiar with Darwin's ideas and writings. Although he
was Bishop of Oxford at the time, he was not present as a
representative of the Church of England at this meeting.

In his address, Wilberforce set out the main themes of Darwin's
work, emphasizing that the British Association discussion was about
science, not religion. In his extended review of Darwin's Origin of
Species, published in The Quarterly Review in the same month as
the British Association meeting, Wilberforce made it clear that he
had ‘no sympathy with those who object to any facts or alleged facts
in nature, or to any inference logically deduced from them, because



they believe them to contradict what it appears to them is taught by
Revelation.’

According to a popular legend that is regularly and uncritically
reproduced in many older biographies of Darwin, Wilberforce
attempted to pour scorn on the theory of evolution by suggesting that
it implied that humans were recently descended from monkeys.
Would Huxley, he asked, prefer to think of himself being descended
from an ape on his grandfather's or grandmother's side? He was then
duly rebuked by Huxley, who turned the tables on him, showing him
up to be an ignorant and arrogant cleric. Even the British
Broadcasting Corporation perpetuated this myth in the 1970s,
representing a ‘young, handsome, heroic Huxley’ triumphing over a
sulky and villainous Wilberforce.

This demonization of Wilberforce rests largely on an
autobiographical memory from Mrs Isabella Sidgewick, published in
Macmillan's Magazine in 1898. This idiosyncratic account is
inconsistent with most accounts published or in circulation closer to
the time of the meeting itself, nearly forty years earlier, raising some
awkward questions about the reliability of Mrs Sidgewick's memory.
A review, published shortly after the event in the Athenaeum,
expressed the consensus of 1860. Wilberforce and Huxley, it
declared, ‘have each found foemen worthy of their steel, and made
their charges and countercharges very much to their own satisfaction
and the delight of their respective friends.’

The fact that Wilberforce was Bishop of Oxford has clearly led many
to conclude that religion was at the forefront of the debate, and that
Wilberforce opposed Darwin on religious grounds. The evidence
does not support this interpretation of events. The debate was
primarily about the scientific merits of Darwin's theory, and
Wilberforce – who, it must be emphasized, was present in his
capacity as a former Vice‐President of the British Association, not as
a bishop of the Church of England – was clearly well informed about
the matter. Darwin himself remarked, after reading Wilberforce's
review of his work, that the review was ‘uncommonly clever; it picks
out with skill all the most conjectural parts and brings forward well
all the difficulties. It quizzes me quite splendidly.’



In fact, Wilberforce raised several reasonable scientific concerns
about Darwin's theory of natural selection in his review. To begin
with, Wilberforce noted, the fossil record did not appear to bear
witness to the past existence of transitional forms. Another more
significant concern related to Darwin's analogy between the selective
breeding of domesticated species and the hypothetical process of
‘natural selection’. It was certainly true, Wilberforce noted, that
domestic breeders could control the breeding process to produce
pigeons with new characteristics. Yet the evidence suggested that if
such pigeons were released into the wild, their progeny would soon
return to the original type. Their new characteristics were not stable
or sustainable over time. (A similar concern, it should be noted, was
raised by the Scottish geologist Charles Lyell in assessing the earlier
evolutionary theory of Jean‐Baptiste Lamarck.)

It is quite clear from Wilberforce's careful and insightful published
review of Darwin's Origin of Species that religious issues did not
feature prominently in his mind; the issue was the scientific case for
evolution, not its religious implications or complications. Yet this is
not to say that he had no religious concerns about Darwin's ideas.
Many people had difficulties with the notion of the continuity that
Darwin's theory seemed to imply between humans and their animal
ancestors – something that was hinted at in Origin of Species but
that was not stated more explicitly until The Descent of Man (1871).
Yet such concerns do not amount to an uncritical rejection of the
theory. Rather, they represent a recognition that there were further
questions that needed to be explored in relation to Darwin's new
theory – some scientific, some religious, and some ethical.

The Yale historian Frank Turner made the important observation
that the Victorian ‘conflict’ between science and religion is best seen
as an epiphenomenon, rather than a phenomenon in itself. It arose
from a significant social transformation in the status, organization,
and practice of the natural sciences. In the early nineteenth century,
English clergy were at the forefront in studying natural history and
the life sciences. Yet their essentially amateur approach was being
overtaken by new standards of professionalism. In the eyes of this
rising generation of professional scientists, Oxbridge clerical
scientists represented the past. The debate between Wilberforce and
Huxley was thus not, as is often suggested in popular accounts, a



debate between atheism and religion. It was really a debate between
two individuals who represented quite different visions of the place
of science – an old amateurism on the part of interested clergy and a
new professionalism located outside the Church of England.

The Importance of Biblical Interpretation
Finally, we may note one issue that recurs throughout the history of
the interaction of science and religion – the importance of biblical
interpretation. Peter Harrison has recently highlighted the
importance of the Bible as a catalyst for the scientific revolution of
the seventeenth century within Protestantism, noting how the new
readings of the Bible that arose from the Protestant Reformation
played a key role in fostering the emergence of the natural sciences.

The Bible – its contents, the controversies it generated, its varying
fortunes as an authority, and most importantly the new way in
which it was read by Protestants – played a central role in the
emergence of natural science in the seventeenth century.

Harrison notes how certain passages of the Bible (such as the
Genesis creation narratives) now came to be read in a way that both
sanctioned and motivated scientific enquiry.

The study of how Christians have interpreted the Bible over the last
2000 years shows that a variety of interpretative frameworks and
conventions were used, which shifted over time. The perception of a
conflict between science and religion often arose when scientific
advances were seen to conflict with the prevailing modes of biblical
interpretation – which often needed challenging or correcting. Two
examples will help to bring out the importance of this point.

The Copernican debate centred on the question of whether the earth
rotated around the sun (the ‘heliocentric’ model) or the sun around
the earth (the ‘geocentric’ model). One or two passages in the
Christian Bible seemed to point to the earth being stationary and the
sun rotating – for example, references to the sun standing still
(Joshua 10.12) or to the foundations of the earth being ‘immovable’
(Psalm 93.10). A ‘common sense’ or ‘literal’ reading of these texts
pointed to a geocentric view of the solar system. But was this what
was actually intended? Was this simply a conventional way of



speaking, which was not intended to have metaphysical
implications?

Similarly, the Darwinian controversy raised some important
questions about how the Genesis creation accounts were to be
understood. Were they literal accounts of the origins of the universe
and humanity, which taught that the universe originated about 6000
years ago? Or were they to be interpreted in terms of a more
extended vision of creation? In this case, Darwinism found itself
pitted against very literal approaches to the interpretation of the
Genesis creation narratives. These had developed within English‐
speaking Protestantism since the early eighteenth century and had
been assumed to be normative or natural ways of reading these texts.
Darwinism called this into question.

Yet it must not be supposed that the advance of science has
constantly challenged traditional biblical interpretation, as is
sometimes suggested. Traditional Christian views of creation, for
example, speak of the cosmos coming into being from nothing. Yet
the Western scientific tradition, from Aristotle until the 1940s,
tended to treat the universe as something that was permanent or
eternal. The idea that it had a chronological beginning was seen as
absurd. The rise of what is now known as the ‘standard cosmological
model’ in the last 50 years is based on the notion that the universe is
not eternal, but that it came into being at a definite point. Here we
have a situation in which a traditional Christian interpretation of the
Bible resonates with modern cosmology.

We now turn to consider four historical landmarks in the complex
relationship of science and religion. After a brief consideration of the
emergence of an intellectual context favourable to the natural
sciences in western Europe during the Middle Ages, we shall
examine in some detail the astronomical developments of the
sixteenth and early seventeenth centuries, associated with
Copernicus and Galileo; the rise of the Newtonian worldview during
the eighteenth century; and Charles Darwin's theory of natural
selection during the nineteenth century. Each of these landmarks is
regularly referenced in discussions of science and religion.

The Emergence of the Medieval Synthesis



It is often suggested that the scientific revolution which emerged in
the sixteenth and seventeenth century owed little, if anything,
positive to the Middle Ages. This view, which is widely encountered
in older studies of the history of science, has recently come under
criticism from specialists in medieval intellectual history, such as the
American historian of medieval science Edward Grant. They have
pointed out that the origins of the scientific revolution can indeed be
traced back to the Middle Ages. For Grant, the medieval period
created an intellectual context within which the natural sciences
could develop as serious intellectual disciplines, and also furnished
ideas and methods which would prove of major importance to that
development.

Three main developments which may be regarded as establishing a
context within which the natural sciences could emerge during the
Middle Ages should be noted. First, the Middle Ages saw the
translation into Latin – the common language of the western
European scholarly community – of a series of scientific texts which
had their origins in the Greco‐Arabian tradition. Arabian
commentators on the text of Aristotle, as well as the original
Aristotelian texts themselves, became available to Western thinkers.
The rediscovery of Aristotle had a major impact on medieval
theology and philosophy, with writers such as Thomas Aquinas
finding him a major stimulus to philosophical and theological
reflection. These texts – by no means limited to the writings of
Aristotle – also proved to be a major stimulus to wrestling with the
questions of the natural sciences. While it is possible to argue that
the natural sciences could have developed without these texts, that
development would unquestionably have taken place later than it
did.

Aristotle, however, was not always a positive influence on the
development of the natural sciences. According to Aristotle, the
universe had always existed, so that it was not meaningful to use
religious language about creation. Galileo found himself having to
refute some Aristotelian ideas, which were particularly influential at
the University of Padua. For example, Aristotle held that that the
moon, as a heavenly body, was perfectly smooth and spherical,
whereas Galileo's telescopic observations suggested that the moon
possessed a rough surface covered with mountains and craters.



Aristotle's scientific dogmas had already been called into question
through the appearance of a ‘new star’ – now known to have been a
supernova – in the constellation of Cassiopeia in 1572. This event –
often referred to as ‘Tycho's Supernova’, on account of Tycho Brahe's
detailed observations of its position and varying magnitude – was
recognized to be inconsistent with Aristotle's dogma of the
unchangeability of the heavens.

Second, the Middle Ages saw the foundation of the great universities
of western Europe. These would prove to be of central importance in
the development of the natural sciences. Courses in logic, natural
philosophy, geometry, music, arithmetic, and astronomy were
prescribed for all those wishing to gain any qualification from a
typical medieval university. The introduction of natural philosophy
into the medieval university curriculum ensured that a significant
number of scientific issues were addressed as a routine part of higher
education. A typical medieval university would have four faculties:
the faculty of arts, and the three ‘higher faculties’ of medicine, law,
and theology. The faculty of arts was seen as laying the foundation
for more advanced study, and it is important to note how much
‘natural philosophy’ was included in that foundational course.

Third, a class of ‘theologians/natural philosophers’ emerged, often
within a university context, who were convinced that the study of
natural world was theologically legitimate. Although Aristotle was
widely regarded as a pagan philosopher (and hence of limited value
to Christians), he was nevertheless seen as a resource to allow a
greater understanding of the natural world, and hence to learn more
of the God who had created that world. Many of the greatest names
in the world of medieval natural science – such as Robert
Grosseteste, Nicolas Oresme, and Henry of Langenstein – were all
active theologians who did not see a contradiction between their
faith and the investigation of the natural order. This growing
emphasis on ‘natural philosophy’ proved to be of major importance
to the emergence of the natural sciences in western Europe.

We now turn to consider four significant and defining historical
episodes that are widely referenced in discussions of science and
religion, and often shape the context within which that relationship
is discussed. We begin with the astronomical discussions of the



sixteenth and early seventeenth centuries, which centred on
Copernicus and Galileo.

Copernicus, Galileo, and the Solar System
The great Austrian psychoanalyst Sigmund Freud once suggested
that humanity had been the subject of three ‘narcissistic wounds’ in
the modern age, each of which damaged any human sense of self‐
importance. The first wound, Freud argued, was inflicted by the
Copernican revolution, which showed that human beings were not
located at the centre of the universe. The second was the Darwinian
demonstration that humanity did not even have a unique place on
the planet earth. The third, Freud somewhat immodestly suggested,
was his own demonstration that humanity was not even the master
of its own limited realm, being the prisoner of the hidden forces of
the human unconsciousness. According to Freud, each of these
revolutions added to the pain and wounds inflicted by its
predecessor, forcing a radical re‐evaluation of the place and
significance of humanity. We shall consider the religious importance
of Freud's views later in this work. Yet it is highly appropriate to
open this account by looking at the first of these ‘wounds’ – the
Copernican revolution.

Every age is characterized by a group of settled beliefs which
undergird its worldview. The Middle Ages is no exception. One of the
more important elements in the medieval worldview was the belief
that the sun and other celestial bodies – such as the moon and the
planets – rotated around the earth. This ‘geocentric’ view of the
universe was treated as self‐evidently true. The Bible was interpreted
in the light of this belief, with geocentric assumptions being brought
to – and at times even imposed upon – the interpretation of a
number of passages. Most living languages still bear witness to this
geocentric worldview. For example, even in modern English, it is
perfectly acceptable to state that ‘the sun rose at 7.33 a.m.’ – despite
the fact that this reflects the discarded scientific belief that the sun
rotates around the earth. As the truth or falsity of the geocentric
model of the solar system made little difference to everyday life
anyway, there was little popular interest in challenging it.



The model of the universe which was most widely accepted during
the early Middle Ages was devised by Claudius Ptolemy, an
astronomer who worked in the Egyptian city of Alexandria during
the first half of the second century CE. In his Amalgest, Ptolemy
brought together existing ideas concerning the motions of the moon
and planets, and argued that these could be understood on the basis
of the following assumptions:

1. The earth is at the centre of the universe;

2. All heavenly bodies rotate in circular paths around the earth;

3. These rotations take the form of motion in a circle, the centre of
which in turn moves in another circle. This central idea, which
was originally due to Hipparchus, is based on the idea of
epicycles – that is, circular motion imposed upon circular
motion.

Increasingly detailed and precise observation of the movement of the
planets and stars caused some to have doubts about the reliability of
this theory. Initially, the discrepancies could be accommodated by
adding additional epicycles. By the end of the fifteenth century, the
model was so complex and unwieldy that it was close to collapse. But
what could replace it?

During the sixteenth century, the geocentric model of the solar
system was abandoned in favour of a heliocentric model, which
depicted the sun as lying at its centre, with the earth as one of a
number of planets orbiting around it. Although this shift in thinking
is usually described as ‘the Copernican revolution’, it is generally
agreed that three individuals were of major importance in bringing
about the acceptance of this change in Protestant northern Europe:
Nicholas Copernicus, Tycho Brahe, and Johann Kepler.

The publication of Nicolas Copernicus’ treatise On the Revolutions of
the Heavenly Bodies in May 1543 caused a mild sensation, although
the final acceptance of the model would have to wait for the detailed
work by Kepler in the first two decades of the seventeenth century.
Copernicus argued that the planets moved in concentric circles at
uniform speeds around the sun. The earth, in addition to rotating
about the sun, also rotated on its own axis. The apparent motion of



the stars and planets was thus due to a combination of the rotation of
the earth on its own axis and its rotation around the sun. The model
possessed a simplicity and elegance which compared favourably with
the increasingly cumbersome Ptolemaic model. Nevertheless, it did
not fit the known observational data. Something was wrong with the
theory. In the end, it was found that the problem did not lie with
Copernicus’ idea that the planets rotated around the sun. His
mistake was to assume that they rotated around the sun in circular
orbits at constant velocity.

The Danish researcher Tycho Brahe (1546–1601), based at an
observatory on an island near Copenhagen, carried out a series of
precise observations on planetary motion over the period 1576–1592.
These observations would form the basis for Johann Kepler's
modified model of the solar system (see below). Kepler acted as
assistant to Tycho when Tycho was forced to relocate to Bohemia
following the death of Frederick II of Denmark.

The German astronomer Johann Kepler (1571–1630) focused his
attention on the observation of the motion of the planet Mars. The
Copernican model, which assumed that planets orbit in circles
around the sun, was unable to account for the observed motion of
this planet. In 1609, Kepler was able to announce that he had
uncovered two general laws governing the motion of Mars. First,
Mars rotated in an elliptical orbit, with the sun at one of its two foci.
Second, the line joining Mars to the sun covers equal areas in equal
periods of time. By 1619, he had extended these two laws to the
remaining planets and uncovered a third law: the square of the
periodic time of a planet (that is, the time taken by the planet to
complete one orbit around the sun) is directly proportional to the
cube of its mean distance from the sun.

Kepler's model represented a significant modification of Copernicus’
ideas. Copernicus’ radical new model was unable to explain the
observational data satisfactorily, despite its conceptual elegance and
simplicity, on account of his flawed assumption that orbits were
necessarily circular and that the planets moved at constant speed.
This assumption, interestingly, seems to have derived from classical
Euclidian geometry; Copernicus never really freed himself
completely from classical Greek ways of thinking. Circles were



perfect geometrical figures, whereas ellipses were distorted. Why
should nature make use of deformed geometry?

As we noted, the older model (often referred to as a ‘geocentric’
theory) was widely accepted by theologians of the Middle Ages, who
had become so familiar with reading the text of the Bible through
geocentric spectacles that they had some difficulty coping with the
new approach. Early published defences of the Copernican theory
(such as G. J. Rheticus's Treatise on Holy Scripture and the Motion
of the Earth, which is widely regarded as the earliest known work to
deal explicitly with the relation of the Bible and the Copernican
theory) thus had to deal with two issues.

First, they had to set out the observational evidence which led to the
conclusion that the earth and other planets rotated around the sun.
Second, they had to demonstrate that this viewpoint was consistent
with the Bible, which had long been read as endorsing a geocentric
view of the earth. As we noted above, the observational evidence was
only finally accounted for in the light of Kepler's modification of
Copernicus's model. But what of the theological aspects of that
model? What of the radical shift which it proposed from an earth‐
centred universe?

There is no doubt that the rise of the heliocentric theory of the solar
system caused theologians to re‐examine the manner in which
certain biblical passages were interpreted. However, at this stage, we
may distinguish three broad approaches within the Christian
tradition of biblical interpretation. In what follows, we shall note
these, and consider their importance to the science and religion
dialogue.

1. A literal approach, which argues that the passage in question is
to be taken at its face value. For example, a literal interpretation
of the first chapter of Genesis would argue that creation took
place in six periods of twenty‐four hours.

2. A non‐literal or allegorical approach, which stresses that certain
sections of the Bible are written in a style which it is not
appropriate to take absolutely literally. As we noted earlier,
three non‐literal senses of Scripture were recognized by
theologians during the Middle Ages. During the Renaissance, a



simpler view emerged, which distinguished between literal and
allegorical approaches. The opening chapters of Genesis were
increasingly seen as poetic or allegorical accounts of creation,
rather than as literal historical accounts of the origins of the
earth.

3. An approach based on the idea of accommodation. This has
been by far the most important approach in relation to the
interaction of biblical interpretation and the natural sciences.
The approach argues that revelation takes place in culturally and
anthropologically conditioned manners and forms, with the
result that it needs to be appropriately interpreted. This
approach has a long tradition of use within Judaism and
subsequently within Christian theology and was influential
within the patristic period. Nevertheless, its mature
development dates from the sixteenth century. This approach
argues that the opening chapters of Genesis use language and
imagery appropriate to the cultural conditions of its original
audience. It is not to be taken ‘literally’, but is to be interpreted
to a contemporary readership by extracting the key ideas which
have been expressed in forms and terms which are specifically
adapted or ‘accommodated’ to the original audience.

The third approach proved to be of especial importance during the
debates over the relation between theology and astronomy during
the sixteenth and seventeenth centuries. The noted Protestant
theologian John Calvin (1509–1564) made two major and positive
contributions to the appreciation and development of the natural
sciences. First, he positively encouraged the scientific study of nature
as a way of deepening an appreciation of God's wisdom; second, he
argued that sections of the Bible were be interpreted in terms of
divine ‘accommodation’ (as explained above). His first contribution
is specifically linked with his stress upon the orderliness of creation;
both the physical world and the human body testify to the wisdom
and character of God. Calvin thus commends the study of both
astronomy and medicine. They are able to probe more deeply than
theology into the natural world, and thus uncover further evidence of
the orderliness of the creation and the wisdom of its creator. It may



thus be argued that Calvin gave a new religious motivation to the
scientific investigation of nature.

Calvin's second major contribution was to eliminate a significant
obstacle to the development of the natural sciences – biblical
literalism. Calvin points out that the Bible is primarily concerned
with the knowledge of Jesus Christ. It is not an astronomical,
geographical, or biological textbook. And when the Bible is
interpreted, it must be borne in mind that God ‘adjusts’ to the
capacities of the human mind and heart. God has to come down to
our level if revelation is to take place. Revelation thus presents a
scaled‐down or ‘accommodated’ version of God to us, in order to
meet our limited abilities. Just as a human mother stoops down to
reach her child, so God stoops down to come to our level. Revelation
is an act of divine condescension.

The impact of both these ideas upon scientific theorizing, especially
during the seventeenth century, was considerable. For example, the
English writer Edward Wright defended Copernicus’ heliocentric
theory of the solar system against biblical literalists by arguing, in
the first place, that Scripture was not concerned with physics and, in
the second, that its manner of speaking was ‘accommodated to the
understanding and way of speech of the common people, like nurses
to little children’. Both these arguments derive directly from Calvin,
who may be argued to have made a fundamental contribution to the
emergence of the natural sciences in this respect.

Fresh controversy broke out over the heliocentric model of the solar
system in Catholic Italy during the early decades of the seventeenth
century. In this case, the debate centred on the views of Galileo
Galilei (1564–1642). This eventually led to the Catholic church
condemning Galileo Galilei, in what is now widely regarded as a clear
error of judgement on the part of some ecclesiastical bureaucrats.
Galileo mounted a major defence of the Copernican theory of the
solar system. Galileo's views were initially received sympathetically
within senior church circles, partly on account of the fact that he was
held in high regard by a papal favourite, Giovanni Ciampoli.
Ciampoli's fall from power led to Galileo losing support within papal
circles, and this is widely regarded as opening the way to Galileo's
condemnation by his enemies.



Although the controversy centring on Galileo is often portrayed as
science versus religion, or libertarianism versus authoritarianism,
the real issue concerned the correct interpretation of the Bible.
Appreciation of this point is thought to have been hindered in the
past on account of the failure of historians to engage with the
theological (and, more precisely, the hermeneutical) issues
associated with the debate. In part, this can be seen as reflecting the
fact that many of the scholars interested in this particular
controversy were scientists or historians of science, who were not
familiar with the intricacies of the debates on biblical interpretation
of this remarkably complex period. Nevertheless, it is clear that the
issue which dominated the discussion between Galileo and his critics
was that of how to interpret certain biblical passages. The issue of
accommodation was of major important to that debate, as we shall
see.

To explore this point, we may turn to a significant work published in
January 1615. In his Letter on the Opinion of the Pythagoreans and
Copernicus, the Carmelite friar Paolo Antonio Foscarini argued that
the heliocentric model of the solar system was not incompatible with
the Bible. Foscarini did not introduce any new principles of biblical
interpretation in his analysis; rather, he sets out and applies
traditional rules of interpretation:

When Holy Scripture attributes something to God or to any other
creature which would otherwise be improper and
incommensurate, then it should be interpreted and explained in
one or more of the following ways. First, it is said to pertain
metaphorically and proportionally, or by similitude. Second, it is
said … according to our mode of consideration, apprehension,
understanding, knowing, etc. Thirdly, it is said according to vulgar
opinion and the common way of speaking.

The second and third ways which Foscarini identifies are generally
regarded as types of ‘accommodation’, the third model of biblical
interpretation we noted earlier. As we have seen, this approach to
biblical interpretation can be traced back to the first Christian
centuries, and was not regarded as controversial.

Foscarini's innovation did not lie in the interpretative method he
adopted, but in the biblical passages to which he applied it. In other



words, Foscarini suggested that certain passages, which many had
interpreted literally up to this point, were to be interpreted in an
accommodated manner. The passages to which he applied this
approach were those which seemed to suggest that the earth
remained stationary, and the sun moved. Foscarini argued as
follows:

Scripture speaks according to our mode of understanding, and
according to appearances, and in respect to us. For thus it is that
these bodies appear to be related to us and are described by the
common and vulgar mode of human thinking, namely, the earth
seems to stand still and to be immobile, and the sun seems to
rotate around it. And hence Scripture serves us by speaking in the
vulgar and common manner; for from our point of view it does
seem that the earth stands firmly in the center and that the sun
revolves around it, rather than the contrary.

Galileo's growing commitment to the Copernican position led him to
adopt an approach to biblical interpretation similar to Foscarini's.

Galileo's critics argued that some biblical passages contradicted him.
For example, they argued that Joshua 10.12 spoke of the sun
standing still at Joshua's command. Did not that prove beyond
reasonable doubt that it was the sun which moved around the earth?
In his Letter to the Grand Countess Christina, Galileo countered
with an argument that this was simply a common way of speaking.
Joshua could not be expected to know the intricacies of celestial
mechanics, and therefore used an ‘accommodated’ way of speaking.

It must be emphasized that the issue of how to interpret the Bible
was not merely important for Galileo and his critics; it had also
become controversial as a result of the great theological
controversies of the late sixteenth century resulting from the
Protestant Reformation. The official condemnation of Galileo's
biblical interpretation reflected this tension, and was based on two
considerations. In the first place, Scripture is to be interpreted
according ‘to the proper meaning of the words’. The accommodated
approach adopted by Foscarini is thus rejected in favour of a more
literal approach. As we have stressed, both methods of interpretation
were accepted as legitimate, and had a long history of use within



Christian theology. The debate centred on the question of which was
appropriate to the passages in question.

Second, the Bible is to be interpreted ‘according to the common
interpretation and understanding of the Holy Fathers and of learned
theologians’. In other words, it was being argued that nobody of any
significance had adopted Foscarini's interpretation in the past; it was
therefore to be dismissed as an innovation. It therefore followed that
the views of both Foscarini and Galileo were to be rejected as
innovations, without any precedent in Christian thought.

This second point is of major importance and needs to be examined
more carefully, in that it is to be set against the long‐standing and
bitter debate, fuelled during the seventeenth century by the Thirty
Years War (1618–1648), between Protestantism and Catholicism
over whether the former was an innovation or a recovery of authentic
Christianity. The idea of the unchangeability of the catholic tradition
became an integral element of Catholic polemic against
Protestantism. As Jacques‐Bénigne Bossuet (1627–1704), one of the
most formidable apologists for Catholicism, put this point in 1688:

The teaching of the church is always the same …. The gospel is
never different from what it was before. Hence, if at any time
someone says that the faith includes something which yesterday
was not said to be of the faith, it is always heterodoxy, which is
any doctrine different from orthodoxy. There is no difficulty about
recognizing false doctrine; there is no argument about it. It is
recognized at once, whenever it appears, simply because it is new.

These same arguments were widely used at the opening of the
seventeenth century, and are clearly reflected and embodied in the
official critique of Foscarini. The interpretation which he offered had
never been offered before – and it was, for that reason alone, wrong.

It will therefore be clear that this critical debate over the
interpretation of the Bible must be set against a complex
background. The highly charged and politicized atmosphere at the
time seriously prejudiced theological debate, for fear that the
concession of any new approach might be seen as an indirect
concession of the Protestant claim to legitimacy. To allow that
Catholic teaching on any matter of significance had ‘changed’ was



potentially to open the floodgates which would inevitably lead to
demands for recognition of the orthodoxy of central Protestant
teachings – teachings that the Catholic church had been able to
reject as ‘innovations’ up to this point.

It was thus inevitable that Galileo's views would meet with
resistance. They key factor was that he seemed to have introduced
theological innovations. For the Catholic church to concede the
validity of Galileo's interpretation of certain biblical passages would
seriously undermine a core Catholic criticism of Protestantism –
namely, that Protestantism had introduced new (and therefore
erroneous) interpretations of certain biblical passages. Sadly, it was
only a matter of time before his views would be rejected. From this
brief analysis, it will be clear that the Galileo controversy was set
against a complex polemical background, involving tensions between
Protestants and Catholics over the interpretation of Scripture and
doctrinal heritage. Galileo had the misfortune to get caught up in the
crossfire and undercurrents of this debate.

In this section, we have considered the importance of the growing
realization that the earth did not stand at the centre of the universe
for scientific and religious thought. In the following section, we shall
consider the scientific and religious aspects of the growing
realization that the known universe could be regarded as a vast,
complex, and regular piece of machinery. We therefore turn to
consider the achievements of Isaac Newton and the emergence of the
mechanical worldview.

Newton, the Mechanical Universe, and Deism
Scholars routinely speak of the ‘scientific revolution’ which swept
through western Europe during the seventeenth century. It is
difficult to say precisely when this revolution began. Some would
argue that its origins lie in the work of Copernicus and Galileo, which
we looked at in the previous section. Others would argue that it
began much earlier, having its roots in trends in late medieval
universities, or the new attitudes of the Renaissance.

Others suggest that a fundamental philosophical change lay behind
the scientific revolution. The work of Francis Bacon (1561–1626)



argued that knowledge began with experience of the world. The
proper starting point of scientific knowledge is the observation of
phenomena, which is followed by the attempt to derive some general
underlying principles which might explain those observations.
Aristotle's demand that theories should ‘preserve the phenomena’
became embedded within the emerging natural philosophy of the
day. Despite some difficulties of definition, there is virtually
universal agreement that Sir Isaac Newton (1642–1727) played a
pivotal role in the consolidation of the scientific revolution. In this
section, we shall consider some of his achievements and their
religious implications.

As we saw in the previous section, the emergence of the heliocentric
model of the solar system had clarified some issues of celestial
geometry; issues of celestial mechanics, however, remained
unresolved. Kepler had established that the square of the periodic
time of a planet is directly proportional to the cube of its mean
distance from the sun. But what was the basis of this law? What
deeper significance did it possess? Could the motion of the earth,
moon, and planets all be accounted for on the basis of some more
fundamental principles? Part of the genius of Isaac Newton lay in his
demonstration that Kepler's laws of planetary motion could be
explained on the basis of the principles that governed the motion of
bodies on earth. Newton's exploration of the mechanics of the solar
system was so impressive that the leading English poet Alexander
Pope (1688–1744) wrote the following lines in Newton's memory:

Nature and Nature's laws lay hid in night:

God said, ‘Let Newton be!’ and all was light.

Newton is often presented as someone who affirmed rationality and
cosmic order in the face of religious belief, a beacon of scientific
orthodoxy in the midst of a still superstitious society. In fact, the
reality is somewhat more complicated. Papers which remained
undiscovered until the twentieth century offer a more complex
picture of Newton as someone of almost pathological loneliness, who
came close to madness, was obsessed with alchemy, and was
fascinated by theological heresies. Newton may well have ushered in
the modern world through his discoveries, but he belonged to the
world that has now been left behind. Yet despite these many foibles,



Newton remains one of the most significant figures in the history of
science in general, and its relation to religion in particular.

The most helpful way to understand Newton's demonstration of the
laws of planetary motion is to think of Newton establishing the basic
principles which govern the behaviour of objects on earth, and
subsequently extrapolating these same principles to the motion of
the planets. For example, consider the famous story of Newton
noticing an apple falling to the earth. The same force which attracted
the apple to the earth could, in Newton's view, operate between the
sun and the planets. The gravitational attraction between the earth
and an apple is precisely the same force which operates between the
sun and a planet, or the earth and the moon.

Newton initially concentrated his attention on uncovering the laws
which governed motion of bodies on earth, leading to his formulation
of his three laws of motion.

1. Every object in a state of uniform motion will remain in that
state of motion unless an external force acts on it.

2. Force equals the mass of a body multiplied by its acceleration.

3. For every action there is an equal and opposite reaction.

These three laws of motion established the general principles
relating to terrestrial motion. Newton's breakthrough lay in realizing
that these same laws could be applied to celestial as much as to
terrestrial mechanics. Newton began work on his planetary theory as
early as 1666. Taking his laws of motion as his starting point, he
addressed Kepler's three laws of planetary motion. It was a relatively
simple matter to demonstrate that Kepler's second law could be
understood if there exists a force between the planet and the sun,
directed towards the sun. The first law could be explained if it was
assumed that the force between the planet and sun was inversely
proportional to the square of the distance between them. This force
could be determined mathematically, on the basis of what would
later be termed ‘the Law of Universal Gravitation’:



any two material bodies, P and P', with masses m and m', attract
each other with a force F, given by the formula

where d is their distance apart and G is the gravitational constant.

(Newton did not need to determine the precise value of G to explain
Kepler's laws.)

Newton applied the laws of motion to the orbit of the moon around
the earth. On the basis of the assumption that the force which
attracted an apple to fall to the earth also held the moon in its orbit
around the earth, and that this force was inversely proportional to
the square of the distance between the moon and the earth, Newton
was able to calculate the period of the moon's orbit. It proved to be
incorrect by a factor of roughly 10%. This error arose only through an
inaccurate estimate of the distance between the earth and the moon.
Newton had simply used the prevailing estimate of this distance; on
using a value which was more accurate, determined by the French
astronomer Jean Picard in 1672, theory and observation proved to be
in agreement.

Newton's theories were grounded on the basic concepts of mass,
space, and time. Each of these concepts can be measured, analysed,
and represented mathematically. Although Newton's emphasis on
mass has now been replaced by an interest in momentum (the
product of mass and velocity), these basic themes continue to be of
major significance in classical physics. On the basis of his three
fundamental concepts, he was able to develop precise ideas of
acceleration, force, momentum, and velocity.

There is not enough space to provide a full historical analysis of
precisely how and when Newton arrived at his conclusions, nor to set
them out in detail. The important point to appreciate is that Newton
was able to demonstrate that a vast range of observational data could
be explained on the basis of a set of universal principles. Newton's
successes in explaining terrestrial and celestial mechanics led to the
rapid development of the idea that the universe could be thought of
as a great machine, acting according to fixed laws. This is often
referred to as a ‘mechanistic worldview’, in that the operation of



nature is explained on the assumption that it is a machine operating
according to fixed rules.

The religious implications of this will be clear. The idea of the world
as a machine immediately suggested the idea of design. Newton
himself was supportive of this interpretation. Although later writers
tended to suggest that the mechanism in question was totally self‐
contained and self‐sustaining – and therefore did not require the
existence of a God – this view was not widely held in the 1690s.
Perhaps the most famous application of Newton's approach is found
in the writings of William Paley (1743–1805), who compared the
complexity of the natural world with the design of a watch. Both
implied design and purpose, and thus pointed to a creator. Newton's
work was thus initially seen as a splendid confirmation of the
existence of God.

Newton's emphasis upon the regularity of the world was one of the
reasons behind a significant development in the ways in which God
was pictured and understood. Traditionally, Christian theology and
iconography drew on biblical images of God, such as a king or
shepherd. The scientific revolution led to a new image of God
capturing the imagination of many during the seventeenth century –
namely, God as a clockmaker. One clock in particular was singled out
as a worthy analogue of the celestial machine – the great cathedral
clock of Strasbourg. This clock, rebuilt in 1574, displayed information
about the time, the location of the planets, the phases of the moon,
and other astronomical information. These were displayed using a
series of dials and other visual effects.

Yet it was not long before the estrangement of celestial mechanics
and religion began to set in. Celestial mechanics seemed to suggest
that the world was a self‐sustaining mechanism which had no need
for divine governance or support for its day‐to‐day operation. The
image of God as a ‘clockmaker’ came to be seen as leading to a purely
naturalist understanding of the universe, in which God had no
continuing role to play. The scene was set for the rise of the
important religious movement generally known as ‘deism’.

Newton's emphasis on the regularity of nature is seen by most
scholars as one of the factors which encouraged the rise of deism.
The term ‘deism’ (from the Latin deus, ‘god’) refers to a view of God



which maintains God's creatorship, but denies a continuing divine
involvement with, or special presence within, that creation. It is thus
often contrasted with ‘theism’ (from the Greek theos, ‘god’), which
allows for continuing divine involvement within the world. The term
‘deism’ is generally used to refer to the views of a group of English
thinkers during the ‘Age of Reason’, in the late seventeenth century
and early eighteenth centuries. In his influential study The Principal
Deistic Writers (1757), John Leland grouped together a number of
writers – including Lord Herbert of Cherbury, Thomas Hobbes, and
David Hume – under the broad and newly coined term ‘deist’.
Whether these writers would have approved of this designation is
questionable. Close examination of their religious views shows that
they have relatively little in common, apart from a general skepticism
about several traditional Christian ideas, such as the necessity of
divine revelation. The Newtonian worldview offered deism a highly
sophisticated way of defending and developing their views, by
allowing them to focus on the wisdom of God in creating an elegant
and ordered world, governed by the laws of nature.

Although modern scholarship has raised significant questions about
whether deism can be regarded as a coherent intellectual movement,
it can certainly be presented as a generic and diluted form of
Christianity which focused solely on God as creator of the world, and
hence highlighted the regularity of the natural order. John Locke's
Essay Concerning Human Understanding (1690) developed an idea
of God which became characteristic of much later deism. Locke
argued that ‘reason leads us to the knowledge of this certain and
evident truth, that there is an eternal, most powerful and most
knowing Being.’ The attributes of this being are those which human
reason recognizes as appropriate for God. Having considered which
moral and rational qualities are suited to the deity, Locke argues that
‘we enlarge every one of these with our idea of infinity, and so,
putting them together, make our complex idea of God.’ In other
words, the idea of God is made up of human rational and moral
qualities, projected to infinity. Its critics, however, saw deism as
having reduced God to a mere clockmaker. God wound the world up,
like a clock, and then left it to run, unattended. Once God had
established a regular universe, governed by fixed laws, there was no
need for special divine action to keep it going.



We see here how the rise of the mechanical worldview is to be seen as
scientific with religious implications. The Newtonian mechanical
model of the universe seemed to resonate with a particular way of
thinking about God. More importantly, it suggested that this god
could be known and studied without the need for any specifically
religious beliefs, or the study of religious texts, such as the Bible. A
religion of nature could be developed, appealing from the regularity
of the mechanism of the universe to the wisdom of its constructor.

This line of argument can be found in Matthew Tindal's Christianity
as Old as Creation (1730), which argued that Christianity was
nothing other than the ‘republication of the religion of nature’. God
is understood as the extension of accepted human ideas of justice,
rationality, and wisdom. This universal religion is available at all
times and in every place, whereas traditional Christianity rested
upon the idea of a divine revelation which was not accessible to those
who lived before Christ.

The ideas of English Deism percolated through to the continent of
Europe through translations (especially in Germany), and through
the writings of individuals familiar with and sympathetic to them,
such as Voltaire's Philosophical Letters. Enlightenment rationalism
is often considered to be the final flowering of the bud of English
Deism. For our purposes, however, it is especially important to note
the obvious consonance between deism and the Newtonian
worldview. As we noted earlier, deism owed its growing intellectual
acceptance in part to the successes of the Newtonian mechanical
view of the world.

If God was being excluded from the mechanics of the world, there
were many who suggested that divine design and activity was still to
be found in the biological realm. Did not this show evidence of
design? One of the most influential writers to suggest that this was
the case was John Ray (1627–1705). In his Wisdom of God
Manifested in the Works of Creation (1691), Ray argued that the
beauty and regularity of the created order, including plants and
animals, pointed to the wisdom of their creator. Ray, it must be
emphasized, worked with a static view of creation. He understood
the phrase ‘Works of Creation’ to mean ‘the Works created by God at



first, and by Him conserv’d to this Day in the same State and
Condition in which they were at first made.’

The most famous appeal to God as the designer and maker of the
natural world, especially its biological aspects, was due to William
Paley, archdeacon of Carlisle, who compared God to one of the
mechanical inventors of the Industrial Revolution. God had directly
created the world in all its intricacy. Paley accepted the viewpoint of
his age – namely, that God had constructed (Paley prefers the word
‘contrived’) the world in its finished form, as we now know it. No
watchmaker would leave something unfinished, and not fit for its
purpose.

Paley argued that the present organization of the world, both
physical and biological, could be seen as a compelling witness to the
wisdom of a creator god. Paley's Natural Theology; or Evidences of
the Existence and Attributes of the Deity, Collected from the
Appearances of Nature (1802) had a profound influence on popular
English religious thought in the first half of the nineteenth century,
and is known to have been read by Darwin. Paley was deeply
impressed by Newton's discovery of the regularity of nature, which
allowed the universe to be thought of as a complex mechanism,
operating according to regular and understandable principles.
Nature consists of a series of biological structures which are to be
thought of as being ‘contrived’ – that is, constructed with a clear
purpose in mind.

Paley used his famous analogy of the watch on a heath to emphasize
that contrivance necessarily presupposed a designer and constructor.
‘Every indication of contrivance, every manifestation of design,
which existed in the watch, exists in the works of nature.’ Indeed,
Paley argues, the difference is that nature shows an even greater
degree of contrivance than the watch. (We shall consider Paley's
approach in more detail later: 00‐00). Paley is at his best when he
deals with the description of mechanical systems within nature, such
as the immensely complex structure of the human eye and heart. Yet
Paley's argument (like John Ray's before him) depended on a static
worldview, and simply could not cope with the dynamic worldview
which lay at the heart of Darwinism.



It is at this point that we need to turn to consider the nineteenth‐
century Darwinian controversy, which opened up a new area of
scientific debate with important implications for some traditional
religious beliefs.

Darwin and the Biological Origins of Humanity
The publication of Charles Darwin's Origin of Species (1859) is
rightly regarded as a landmark in nineteenth‐century science. On
December 27 1831, HMS Beagle set out from the southern English
port of Plymouth on a voyage that lasted almost five years. Its
mission was to complete a survey of the southern coasts of South
America, and afterwards to circumnavigate the globe. The small
ship's naturalist was Charles Darwin (1809–1882). During the long
voyage, Darwin noted some aspects of the plant and animal life of
South America, particularly the Galapagos Islands and Tierra del
Fuego, which seemed to him to require explanation, yet which were
not satisfactorily accounted for by existing theories. The opening
words of Origin of Species set out the riddle that he was determined
to solve:

When on board HMS Beagle as naturalist, I was much struck with
certain facts in the distribution of the organic beings inhabiting
South America, and in the geological relations of the present to
the past inhabitants of that continent. These facts, as will be seen
in the latter chapters of this volume, seemed to throw some light
on the origin of species – that mystery of mysteries, as it has been
called by one of our greatest philosophers.

One popular account of the origin of species, widely supported by the
religious and academic establishment of the early nineteenth
century, held that God had somehow created everything more or less
as we now see it. The success of the view owed much to the influence
of William Paley, whose approach we considered in the previous
section. God was the divine watchmaker, responsible for the design
and construction of such fabulously complex structures as the
human eye.

Darwin knew of Paley's views, and initially found them persuasive.
However, his observations on the Beagle raised some questions. On



his return, Darwin set out to develop a more satisfying explanation of
his own observations and those of others. Although Darwin appears
to have hit on the basic idea of evolution through natural selection by
1842, he was not ready to publish. Such a radical theory would
require massive observational evidence to be marshalled in its
support.

Four features of the natural world seemed to Darwin to require
particularly close attention, in the light of problems and
shortcomings with existing explanations.

1. The forms of certain living creatures seemed to be adapted to
their specific needs. Paley's theory proposed that these creatures
were individually designed by God with those needs in mind.
Darwin increasingly regarded this as a clumsy explanation.

2. Some species were known to have died out altogether – to have
become extinct. This fact had been known before Darwin, and
was often explained on the basis of ‘catastrophe’ theories, such
as a ‘universal flood’, as suggested by the biblical account of
Noah.

3. Darwin's research voyage on the Beagle had persuaded him of
the uneven geographical distribution of life forms throughout
the world. In particular, Darwin was impressed by the
peculiarities of island populations.

4. Many creatures possess ‘rudimentary structures’ (sometimes
also referred to as ‘vestigial structures’), which have no apparent
or predictable function. Examples of these structures include the
nipples of male mammals, the rudiments of a pelvis and hind
limbs in snakes, and wings on many flightless birds. How might
these be explained on the basis of Paley's theory, which stressed
the importance of the individual design of species? Why should
God design redundancies?

These aspects of the natural order could all be explained on the basis
of Paley's theory. Yet the explanations offered seemed cumbersome
and strained. What was originally a relatively neat and elegant theory
began to crumble under the weight of accumulated difficulties and
tensions. There had to be a better explanation. Darwin offered a



wealth of evidence in support of the idea of biological evolution, and
proposed a mechanism by which it might work – natural selection.

Darwin's radical theory of natural selection can be seen as the
culmination of a long process of reflection on the origins of species.
Among the studies which prepared the way for Darwin's theory,
particular attention should be paid to Charles Lyell's Principles of
Geology (1830). The prevailing popular understanding of the history
of the earth from its creation took the form of a series of catastrophic
changes. Lyell argued for ‘uniformitarianism’ (a term coined by
James Hutton in 1795), in which the same forces which are now at
work within the natural world are assumed also to have been active
over huge expanses of time in the past. Darwin's theory of evolution
works on a related assumption: that forces which lead to the
development of new breeds of plants or animals in the present
operated over very long periods of time in the past.

The major rival to Darwin's theory was due to the eighteenth‐century
Swedish naturalist Carl von Linné (1707–1778), more generally
known by the Latinized form of his name ‘Linnaeus’. Linnaeus
argued for the ‘fixity of species’. In other words, the present range of
species which can be observed in the natural world represents the
way things have been in the past, and is the way they will remain.
Linnaeus’ detailed classification of species conveyed the impression
to many of his readers that nature was fixed from the moment of its
origination. This seemed to fit in rather well with a traditional and
popular reading of the Genesis creation accounts, and suggested that
the botanical world of today more or less corresponded to that
established in creation. Each species could be regarded as having
been created separately and distinctly by God, and endowed with its
fixed characteristics.

The main difficulty here, pointed out by Georges Buffon and others,
was that the fossil evidence suggested that certain species had
become extinct. In other words, fossils were found which contained
the preserved remains of plants (and animals) which now had no
known counterpart on the earth. Did not this seem to contradict the
assumption of the fixity of species? And if old species died out, might
not new ones arise to replace them? Other issues seemed to cause



some difficulty for the theory of special creation – for example, the
irregular geographical distribution of species.

In his Origin of Species, Darwin set out with great care why the idea
of ‘natural selection’ should be considered the best mechanism to
explain how the evolution of species took place and how it is to be
understood. Darwin argues that a process can be discerned within
nature – ‘natural selection’ – which is analogous to the process of
‘artificial selection’ used by stockbreeders. The first chapter of Origin
of Species therefore considers ‘variation under domestication’ – that
is, the way in which domestic plants and animals are bred by
agriculturists. Darwin notes how selective breeding allows farmers to
create animals or plants with particularly desirable traits. Variations
develop in successive generations through this process of breeding,
and these can be exploited to bring about inherited characteristics
which are regarded as being of particular value by the breeder. This
familiar process of ‘domestic selection’ or ‘artificial selection’
suggests that a similar mechanism appears to operate in nature itself.
‘Variation under domestication’ is presented as an analogue of
‘variation under nature’.

Darwin's theory of natural selection suggested that one could speak
of directionality within nature, without implying that there was
either progression or purpose. The choice of the phrase ‘natural
selection’ proved controversial, as it seemed to some of Darwin's
critics that it implied that nature somehow actively or intentionally
chose which evolutionary outcomes were to be preferred. This is not
what Darwin intended. He was simply making the point that some
process similar to ‘artificial selection’ seemed to operate within
nature itself. Darwin offered a completely naturalistic mechanism for
evolution, which did not depend upon nature actively choosing its
own outcomes. Indeed, one of the most significant implications of
Darwin's theory is that any notion of teleology or purpose within
nature becomes very difficult to sustain – a point emphasized by
Thomas H. Huxley, who suggested that Darwin's account of natural
selection had called into question traditional notions of teleology
(though not the notion of teleology itself).

In the end, Darwin's theory had many weaknesses and loose ends.
For example, it required that speciation should take place; yet the



evidence for this was conspicuously absent at that time. Darwin
himself devoted a large section of Origin of Species to listing such
difficulties with his theory, noting in particular the ‘imperfection of
the geological record’, which gave little indication of the existence of
intermediate species, and the ‘extreme perfection and complication’
of certain individual organs, such as the eye. Nevertheless, he was
convinced that these were difficulties which could be tolerated on
account of the clear explanatory superiority of his approach. Yet even
though Darwin did not believe that he had adequately dealt with all
the problems which required resolution, he was confident that his
explanation was the best available:

A crowd of difficulties will have occurred to the reader. Some of
them are so grave that to this day I can never reflect on them
without being staggered; but, to the best of my judgement, the
greater number are only apparent, and those that are real are not,
I think, fatal to my theory.

Darwin's theories, as set out in Origin of Species (1859) and The
Descent of Man (1871), hold that all species – including humanity –
are the outcome of a long and complex process of biological
evolution. The religious implications of this will be clear. Traditional
Christian thought regarded humanity as being set apart from the rest
of nature, created as the height of God's creation, and alone endowed
with the ‘image of God’. Darwin's theory suggested that human
nature emerged gradually, over a long period of time, and that no
fundamental biological distinction could be drawn between human
beings and animals in terms of their origins and development.

So what religious issues were raised by Darwin's theory? It will be
evident from the historical account just presented that Darwin's
account of the origin of species raises serious problems for a static
understanding of the biological order. As we noted in the previous
section, this underlies William Paley's arguments for the existence of
God, based on an appeal to the intricacies of the biological realm.
Paley's most noted critic in recent years is the Oxford zoologist
Richard Dawkins, who argues that Darwin's approach eliminates any
notion of God creating or designing the world. Everything can be
accounted for, he argues, by the blind forces of natural selection. In
his Blind Watchmaker (1987), Dawkins relentlessly points out the



failings of Paley's viewpoint and the explanatory superiority of
Darwin's approach, especially as it has been modified through the
neo‐Darwinian synthesis. Dawkins argues that Paley's approach is
based on a static view of the world, rendered obsolete by Darwin's
theory.

Dawkins himself is eloquent and generous in his account of Paley's
achievement, noting with appreciation his ‘beautiful and reverent
descriptions of the dissected machinery of life’. Without in any way
belittling the wonder of the biological ‘watches’ that so fascinated
and impressed Paley, Dawkins argued that Paley's case for God –
though made with ‘passionate sincerity’ and ‘informed by the best
biological scholarship of his day’ – is ‘gloriously and utterly wrong’.
The ‘only watchmaker in nature is the blind forces of physics.’ For
Dawkins, Paley is typical of his age; his ideas are entirely
understandable, given his historical location prior to Darwin. But
nobody, Dawkins argues, could share these ideas now. Paley is
obsolete.

This, then, is perhaps one of the most obvious religious issues raised
by the rise of Darwinism – the undermining of an argument for the
existence of God which had played a major role in British religious
thought, both popular and academic, for more than a century. Of
course, the argument could easily be restated in more appropriate
forms – a development which took place during the second half of
the nineteenth century, when many Christian writers stressed that
evolution could be seen as the means by which God providentially
directed what was now understood as an extended process, rather
than a single event.

A further religious issue concerned the interpretation of the Bible.
Many of the controversies concerning science and religion have
focused on the issue of biblical interpretation. The Copernican
controversy, for example, raised the question of whether the Bible
actively promoted a geocentric view of the universe, or whether it
had simply been interpreted in this way for sufficiently long for this
impression to have become widespread. A similar issue emerged
with the debate concerning Darwinism.

It is of importance to note that Darwinism became of particular
concern to Christians influenced by literal readings of the book of



Genesis. Such readings are known to have been widespread within
popular Protestantism in Britain and the United States in the first
half of the nineteenth century, even though more nuanced
interpretative schemes had been proposed by Protestant academics
in both countries. Despite these more sophisticated interpretations
of the Genesis creation accounts, at the popular level it was widely
assumed that the ‘common sense’ reading of the Bible led to a six‐day
understanding of the creation of the world and humanity. Darwinism
posed a significant challenge both to this specific reading of the book
of Genesis as well as to existing models of biblical interpretation in
general. Were the six days of the Genesis creation account to be
taken literally, as periods of 24 hours? Or as indefinite periods of
time? And was it legitimate to suggest that vast periods of time might
separate the events of that narrative? Or was the Genesis creation
account to be interpreted as a historically and culturally conditioned
narrative, reflecting ancient Babylonian myths, which could not be
taken as a scientific account of the origins of life in general, and
humanity in particular? The debates are many, and continue to this
day.

A third point at which Darwin's theories raises difficulties for
traditional Christian theology concerned the status of humanity. For
most Christians, humanity was the height of God's creation,
distinguished from the remainder of the created order by being
created in the image of God. On this traditional reading of things,
humanity was located within the created order as a whole yet
standing above it on account of its unique relationship to God. Yet
Darwin's Origin of Species posed an implicit challenge to this view,
and The Descent of Man made the challenge explicit. Humanity had
emerged, over a vast period of time, from within the natural order.

If there was one aspect of his own theory of evolution which left
Charles Darwin feeling unsettled, it was its implications for the
status and identity of the human race. In every edition of Origin of
Species, Darwin consistently stated that his proposed mechanism of
natural selection did not entail any fixed or universal law of
progressive development. Furthermore, he explicitly rejected
Lamarck's theory that evolution demonstrated an ‘innate and
inevitable tendency towards perfection’. The inevitable conclusion
must therefore be that human beings (now understood to be



participants within, rather than merely observers of, the evolutionary
process) cannot in any sense be said to be either the ‘goal’ or the
‘apex’ of evolution.

This was not an easy idea for Darwin, or for his age, to accept. The
conclusion to The Descent of Man speaks of humanity in exalted
terms, while nevertheless insisting upon its ‘lowly’ biological origins:
‘Man with all his noble qualities … still bears in his bodily frame the
indelible stamp of his lowly origin.’

Most Darwinists would insist that it is a corollary of an evolutionary
worldview that we must recognize that we are animals, part of the
evolutionary process. Darwinism thus critiques the absolutist
assumptions concerning the place of humanity within nature that
lies behind ‘speciesism’ – a somewhat cumbersome term introduced
by Richard Ryder, and given wider currency by the Australian
ethicist Peter Singer (born 1946), currently Ira W. DeCamp Professor
of Bioethics at Princeton University. This has raised considerable
difficulties beyond the realm of traditional religion, in that many
political and ethical theories are predicated on the assumption of the
privileged status of humanity within nature, whether this is justified
on religious or secular grounds.

So how have Christians responded to the challenges of Darwin's
theory of natural selection? During the century and a half since the
publication of Darwin's Origin of Species, at least four general
responses have emerged.

1. Young Earth Creationism: this position represents the
continuation of the ‘common reading’ of Genesis, which was
widely encountered in popular and at least some academic
writing before 1800. On this view, the earth was created in its
basic form between 6,000 and 10,000 years ago. Young earth
creationists generally read the first two chapters of the book of
Genesis in a way that allows for no living creatures of any kind
before Eden, and no death before the Fall. Most young earth
creationists hold that all living things were created
simultaneously, within the timeframe proposed by the Genesis
creation accounts, with the Hebrew word yom (‘day’) meaning a
period of 24 hours. The fossil records, which point to a much
greater timescale and to the existence of extinct species, are



often understood to date from the time of Noah's flood. This
viewpoint is often, but not universally, stated in forms of a 144‐
hour creation and a universal flood. Perhaps the most noted
young earth creationist was Henry Madison Morris (1918–
2006), the founder of the Institute for Creation Research, which
has played an important advocational role in resisting
evolutionary thought in American churches and schools.

2. Old Earth Creationism: this view has a long history and is
probably the majority opinion within conservative Protestant
circles. It has no particular difficulty with the vast age of the
world, and argues that the ‘young earth’ approach requires
modification in at least two respects. First, that the Hebrew
word yom may need to be interpreted as an ‘indefinite time
participle’ (not unlike the English word ‘while’), signifying an
indeterminate period of time which is given specificity by its
context. In other words, the word ‘day’ in the Genesis creation
accounts is to be interpreted as a long period of time, not a
specific period of 24 hours. Second, that there may be a large
gap between Genesis 1.1 and Genesis 1.2. In other words, the
narrative is not understood to be continuous, but to make way
for the intervention of a substantial period of time between the
primordial act of creation of the universe, and the emergence of
life on earth. This viewpoint is advocated by the famous
Schofield Reference Bible, first published in 1909, although the
ideas can be traced back to writers such as the earlier
nineteenth‐century Scottish divine Thomas Chalmers (1780–
1847).

3. Intelligent Design: this movement, which has gained
considerable influence in the United States in recent years,
argues that the biosphere is possessed of an ‘irreducible
complexity’ which makes it impossible to explain its origins and
development in any other method other than positing intelligent
design. Intelligent design does not deny biological evolution; its
most fundamental criticism of Darwinism is teleological – that
evolution has no goal. The Intelligent Design movement argues
that standard Darwinism runs into significant explanatory
difficulties, which can only be adequately resolved through the
intentional creation of individual species. Its critics argue that



these difficulties are overstated, or that they will in due course
be resolved by future theoretical advances. Although the
movement avoids direct identification of God with this
intelligent designer (presumably for political reasons), it is clear
that this assumption is intrinsic to its working methods. The
movement is particularly associated with Michael Behe (born
1952), author of Darwin's Black Box, and William A. Dembski
(born 1960), author of Intelligent Design: The Bridge between
Science and Theology. Both Dembski and Behe are fellows of
the Discovery Institute, based in Seattle.

4. Evolutionary Theism: a final approach holds that evolution is to
be understood as God's chosen method of bringing life into
existence from inorganic materials, and creating complexity
within life. Whereas Darwinism gives a significant place to
random events in the evolutionary process, evolutionary theism
sees the process as divinely directed. Some evolutionary theists
propose that each level of complexity is to be explained on the
basis of ‘God working within the system’, perhaps at the
quantum level. Others, such as Howard van Till, adopt a ‘fully‐
gifted creation’ perspective, arguing that God built in the
potential for the emergence and complexity of life in the initial
act of creation, so that further acts of divine intervention are not
required. Van Till argues that the character of divine creative
action is not best expressed in terms of ‘reference to occasional
interventions in which a new form is imposed on raw materials
that are incapable of attaining that form with their own
capabilities’, bur rather by reference to ‘God's giving being to a
creation fully equipped with the creaturely capabilities to
organize and/or transform itself into a diversity of physical
structures and life‐forms.’ Variations on such approaches are
found elsewhere, as in the writings of Arthur Peacocke (1924–
2006).

These terms are, of course, open to criticism. Writers such as the
philosopher of biology Francisco Ayala (born 1934), for example, has
pointed out that ‘creationism’ and ‘intelligent design’ can be
interpreted in thoroughly mainline ways, open to biological
evolution. Others have pointed out that the term ‘evolutionary



theism’ might be taken to suggest that its adherents do not believe in
the divine creation of all things. In fact, evolutionary theism holds
that creation is to be understood both as event and process, rather
than as a simple event in the past.

The ‘Big Bang’: New Insights into the Origins of
the Universe
The question of the origin of the universe is without doubt one of the
most fascinating areas of modern scientific analysis and debate. That
there are religious dimensions to this debate will be clear. Sir
Bernard Lovell (1913–2012), the distinguished British pioneer of
radio astronomy, is one of many to note that discussion of the origins
of the universe inevitably raises fundamentally religious questions.
More recently, the physicist Paul Davies has drawn attention to the
implications of the ‘new physics’ for thinking about God, especially in
his widely read book God and the New Physics.

It is important to appreciate that the scientific consensus before the
First World War was that the universe was eternal. This was the view
of the great classical Greek philosopher Aristotle, who exercised
considerable influence over the development of the natural sciences
in medieval Europe. Aristotle's emphasis on certain aspects of
empirical method – such as the need to ‘preserve the phenomena’ –
were unquestionably helpful to the emergence of the natural
sciences. Yet it is often overlooked that Aristotle was committed to a
number of decided non‐empirical views, which arguably hindered
scientific development. An example is his view on the perfect nature
of heavenly bodies – such as the sun and moon – which were called
into question by the discovery of sunspots and lunar craters in the
early seventeenth century, particularly as a result of the telescopic
observations of Galileo.

Aristotle's views of the eternity of the universe dominated the
thought‐worlds of late classical antiquity and the Middle Ages. Early
Christian writers challenged Aristotle on this point. Augustine of
Hippo, for example, argued in the early fifth century that God
brought everything into existence in a single moment of creation. Yet
this created order was not static, but was endowed with the capacity



to develop. The universe thus changed over time, becoming what
God intended it to be, rather than have being created in its final
definitive form. Thomas Aquinas took a similar position, making
clear his disagreement with Aristotle on this point. Aquinas
appropriated Aristotle's methods appreciatively at many points – but
not on this question.

By the end of the nineteenth century, the scientific consensus
continued to be a recognizable version of Aristotle's notion of the
permanence of the universe. In his bestselling work Worlds in the
Making (1908), the Swedish physicist and Nobel Laureate Svante
August Arrhenius declared that modern science disclosed an infinite,
self‐perpetuating universe, without beginning or end. ‘The Universe
in its essence has always been what it is now. Matter, energy, and life
have only varied as to shape and position in space.’ While matter and
energy might be subject to relocation within the universe, the system
as a whole remained unchanged.

This view remained influential, especially in wider intellectual
circles, into the 1950s. In 1948, for example, the atheist philosopher
Bertrand Russell argued that the universe did not require
explanation – for example, by an appeal to God. Since the universe
has always existed, the brute fact of its existence does not need to be
explained. This, of course, was dramatically called into question by
the growing realization that the universe appeared to have a
beginning – the idea that we now know as the ‘big bang’.

The origins of the ‘big bang’ theory may be argued to lie in the
general theory of relativity proposed by Albert Einstein (1879–1955).
Einstein's theory was proposed at a time when the scientific
consensus favoured the notion of a static universe. The equations
which Einstein derived to describe the effects of relativity were
interpreted by him in terms of a gravitational and levitational
equilibrium. However, the Russian meteorologist Alexander
Friedman (1888–1925) noticed that the solutions to the equations
which he himself derived pointed to a rather different model. If the
universe was perfectly homogenous and expanding, then the
universe must have expanded from a singular initial state at some
point in the past characterized by zero radius and infinite density,
temperature, and curvature. Other solutions to the equations



suggested a cycle of expansion and contraction. The analysis was
disregarded, probably because it did not conform to the consensus
viewpoint within the scientific community.

During the period between 1900 and 1931 astronomers witnessed
three dramatic alterations in their view of the universe. First, the
accepted value of the size of the star system increased by a factor of
ten; secondly, the work of Edwin Hubble (1883–1953) led to the
realization that there are other star systems beyond our own galaxy;
and thirdly, the behaviour of these galaxies beyond our own
indicated that the universe was expanding. The expansion of the
universe was a difficult idea to accept at the time, as it clearly implied
that the universe had evolved from a very dense initial state – in
other words, that the universe had a beginning.

Some astronomers resisted any such suggestion, sometimes fearing
the potential religious implications of the idea of the origins of the
universe. In 1948, Fred Hoyle and others developed a ‘steady state’
theory of the universe, which held that the universe, although
expanding, could not be said to have had a beginning. Matter was
continuously created in order to fill in the voids arising from cosmic
expansion. There was no need to propose a ‘big bang’ – a pejorative
term invented by Hoyle with the intention of discrediting the notion
of the origins of the universe.

Opinion began to shift decisively in the 1960s, chiefly on account of
the discovery of the cosmic background radiation. In 1965, Arno
Penzias and Robert Wilson were working on an experimental
microwave antenna at the Bell Laboratories in New Jersey. They
were experiencing some difficulties. No matter which direction in
which they pointed their radio antenna, they picked up an unwanted
and obtrusive background hissing noise which they simply could not
eliminate. Their initial explanation of this phenomenon was that the
pigeons roosting on the antenna were interfering with it. Yet, even
after the enforced departure of these offending birds, the hiss
remained.

It was only a matter of time before the full significance of this
irritating background hiss was grasped. It could be understood as the
‘afterglow’ of a ‘big bang’ – a primal cosmic explosion, the existence
of which had been proposed in 1948 by Ralph Alpher and Robert



Herman. When seen alongside other pieces of evidence, this
background radiation provided significant support for the idea that
the universe had a beginning, and caused significant difficulties for
Hoyle's rival ‘steady state’ theory.

Since then, the basic elements of the standard cosmological model
have become clarified, and have secured widespread support within
the scientific community. Although there remain significant areas of
debate, this model – further developed during the 1990s and beyond
to yield the ‘Lambda‐CDM’ or ‘standard cosmological model’ – is
widely agreed to offer the best resonance with observational
evidence, despite concerns that some of its assumptions lie beyond
empirical verification.

This ‘standard model’ suggests that the universe originated some
13.8 billion years ago, and that it has been expanding and cooling
ever since. (However, this figure is subject to change in the light of
continuing refinement of the ‘Lambda‐CDM’ model.) The two most
significant pieces of evidence in support of this theory are the cosmic
microwave background radiation and the relative abundance of light
nuclei (such as hydrogen, deuterium, and helium) synthesized in the
immediate aftermath of the ‘big bang’. This entails the recognition
that the origin of the universe must be recognized to be a singularity
– a unique event, something which can never be repeated, and hence
never subjected to the precise experimental analysis that some hold
to be characteristic of the scientific method.

It was a dramatic development, which caused a sea change in
thinking about religious language about ‘creation’. It is often said by
atheist apologists that science has eroded the plausibility of faith
over the last century. And perhaps that may be true in some respects.
Yet in others, it is demonstrably false. The ‘standard cosmological
model’ resonates strongly with a Christian narrative of creation.

Hoyle's ‘steady state’ model of the universe was the preferred
cosmology of atheists during the early 1960s, as it seemed to
eliminate any possibility of a ‘creation’. Speaking at the
Massachusetts Institute of Technology in 1967, Steven Weinberg
remarked that ‘the steady state theory is philosophically the most
attractive theory because it least resembles the account given in
Genesis.’ Unfortunately, he conceded, Hoyle's theory now seemed to



be wrong. ‘It is a pity that the steady state theory is contradicted by
experiment.’

As we shall see later in this work, the recognition that the universe
had an origin has rekindled interest in the Christian narrative of the
creation of the world, and how this correlates with a scientific
narrative of origination. The idea that scientific advance constantly
demands theological retreat is clearly a gross oversimplification! This
potentially productive and constructive conversation would have
been inconceivable before the First World War. However, the
conversation is richer and more nuanced than this, due to the
recognition of the ‘fine tuning’ of the fundamental constants of
nature for the emergence of life. As we shall see later in this work,
the argument about ‘anthropic’ phenomena is both fascinating and
potentially unresolvable. The debate continues.

This chapter has provided some important historical context for
discussion of the relation of science and religion, focusing on four
debates and discussions of the sixteenth, eighteenth, nineteenth, and
twentieth centuries which continue to inform and stimulate more
recent discussions of the relation of science and faith in general, as
well as certain specific aspects of that relationship. There are, of
course, many other discussions which merit attention – some of
which will be considered further in Chapter 6. Our attention now,
however, now moves on to some of the grand debates within the
philosophy of science which clearly have theological significance,
which will be considered in the next chapter.
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Chapter 3 
Religion and the Philosophy of
Science
The discipline of the philosophy of science deals, in very general
terms, with the philosophical issues associated with or arising from
the natural sciences. Examples of these issues include: What is a law
of nature? What kind of data can be used to distinguish between real
causes and accidental regularities? What kind of evidence do we
need before we accept hypotheses? Why do scientists use models and
theories which they know are at least partially inaccurate and open to
revision?

Some of those issues overlap with the traditional themes of
philosophy, raising the question of the extent to which the
philosophy of science can be considered to be a distinct discipline in
its own right. This point can be appreciated by considering the ‘laws
of nature’, which attempt to represent the regularity or ordering
which appears to exist within nature. Is this ‘regularity’ really present
within nature itself? Or is it something that is imposed upon nature
by the human mind? Is this ‘lawlikeness’ discerned within nature, or
projected upon nature? This debate about the tendency of the human
mind to generate and impose patterns upon observation, which was
given particular stimulus during the late eighteenth century by the
Scottish philosopher David Hume, is of general philosophical
interest; yet it clearly has particular significance for the natural
sciences.

Other philosophical discussions have a more specific relation to the
natural sciences. For example, suppose a certain experiment is
carried out, which suggests that a type of particle exists. This particle
cannot itself be observed, but its existence seems to be implied by the
behaviour of other aspects of the system. So what is the status of this
hypothetical and unobserved particle? Can it really be said to ‘exist’?
For some writers, the only things that ‘really exist’ are the
experimental observations themselves. The theoretical particle is just



a ‘useful fiction’, a helpful way of explaining the phenomena. Others,
however, hold that the best explanation of why scientific theories
work is that they represent an account or depiction of the way things
are – in other words, that some form of realism represents the best
explanation of the successes of the natural sciences.

Many questions in the philosophy of science are relevant to religious
or theological reflection, as well as offering a conceptual and
methodological bridge between science and theology. There are
obvious parallels between scientific and theological discussions at
multiple points, such as what it means to explain something, whether
reality is a free construction of the human mind, and what criteria
might be used to evaluate possible accounts or explanations of
reality.

The present chapter aims to deal with some of the leading themes in
the philosophy of science and explore how they have a wider
significance within reflection on religious issues. Chapter 4 will then
explore the ways in which the philosophy of religion has drawn on
insights from the natural sciences.

We begin our discussion by considering the question of whether
scientific theories offer us depictions of the nature of the universe, or
whether they are simply useful fictions to help us predict what
happens within the universe.

Fact and Fiction: Realism and Instrumentalism
The term ‘realism’ is generally used to refer to a group of
philosophies which affirm that an external reality exists, and that the
human mind is somehow able to copy or represent this. So why has
realism been so influential in the natural sciences? For many, the
best explanation of the success of the natural sciences is the belief
that scientific theories offer real descriptions of the world. ‘If
scientific realism, and the theories it draws on, were not correct,
there would be no explanation of why the observed world is as if they
were correct; that fact would be brute, if not miraculous’ (Michael
Devitt).

On this approach, the simplest and most persuasive explanation of
what makes theories work is that they offer an account of the way



things really are. If the theoretical claims of the natural sciences were
not correct, their massive empirical success would appear to be
totally coincidental. As the physicist and theologian John
Polkinghorne remarked:

The naturally convincing explanation of the success of science is
that it is gaining a tightening grasp of an actual reality. The true
goal of scientific endeavour is understanding the structure of the
physical world, an understanding which is never complete but
ever capable of further improvement. The terms of that
understanding are dictated by the way things are.

For reasons such as these, natural scientists tend to be realists, at
least in the broad sense of that term. It seems to many that the
success of the natural sciences show that they have somehow
managed to uncover the way things really are, or to lock into
something which is fundamental to the structure of the universe. The
importance of this point is considerable, not least in that it raises the
question of whether theologians wishing to argue for the
independent existence of God (rather than as a construct of the
human mind) may learn anything from the forms of realism
associated with the natural sciences. This present section aims to
explore this issue, beginning with an examination of the nature of
realism itself, before moving on to consider its alternatives.

Realism
The term ‘realism’ denotes a family of philosophical positions which
take the general view that a real world exists, external to the human
mind, which the human mind can encounter, understand, and
represent, if only in part. The credibility of realism arises directly
from the successes of the experimental method, which disclose
patterns of observational behaviour which seem to be best accounted
for on the basis of a realist point of view. As the philosopher of
science Michael Redhead notes:



Physicists, in their unreflective and intuitive attitude to their
work, the way they talk and think among themselves, tend to be
realists about the entities they deal with, and while being tentative
as to what they say about these entities and their exact properties
and interrelations, they generally feel that what they are trying to
do, and to some degree successfully, is to get a ‘handle on reality’.

Scientific realism is thus, at least in part, an empirical thesis. Its
plausibility and confirmation arise from direct engagement with the
real world, through repeated observation and experiment. It should
not be thought of primarily as a metaphysical claim about how the
world is, or ought to be. Rather, it is a focused and limited claim
which attempts to explain why it is that certain scientific methods
have worked out so well in practice.

Realism, as the philosopher Hilary Putnam and others have argued,
is the only explanation of scientific theories and concepts which does
not ‘make the success of science a miracle’. Unless the theoretical
entities employed by scientific theories actually exist and the theories
themselves are at least approximately true accounts of the world at
large, the evident success of science (in terms of its applications and
predictions) would surely be a miracle. The argument for realism
based upon scientific success can be set out like this:

1. The successes of the natural sciences are far greater than can be
accounted for by chance or miracles;

2. The best explanation of this success is that scientific theories
offer true, or approximately true, accounts of reality;

3. Scientific realism is thus justified on the basis of its successes.

Realism, as noted earlier, refers to a family of philosophies. One form
of realism which has received especial attention in the dialogue
between science and religion is generally known as ‘critical realism’.
A distinction is often drawn between a ‘naïve realism’, which holds
that reality impacts directly upon the human mind, without any
reflection on the part of the human knower, and a ‘critical realism’,
which recognizes that the human mind attempts to express and
accommodate that reality as best it can with the tools at its disposal –
such as mathematical formulae or mental models. Both of these



forms of realism can be contrasted with various forms of non‐realism
or anti‐realism, which hold that the human mind freely constructs its
ideas without any reference to an alleged external world.

The key feature of a ‘critical realism’ is its recognition that the human
mind is active in the process of perception. Far from being a passive
recipient of knowledge of the external world, it actively constructs
this knowledge using ‘mental maps’, often known as schema. This
point was made by the psychologist of religion William James
(1842–1910) in 1878, and has been widely accepted since.

The knower is an actor, and co‐efficient of the truth on the one
side, whilst on the other he registers the truth which he helps to
create. Mental interests, hypotheses, postulates, so far as they are
bases for human action – action which to a great extent
transforms the world – help to make the truth which they declare.

More recently, the New Testament scholar N. T. Wright (born 1948)
offers a helpful account of this approach, which he describes as:

… a way of describing the process of ‘knowing’ that acknowledges
the reality of the thing known, as something other than the
knower (hence ‘realism’), while also fully acknowledging that the
only access we have to this reality lies along the spiralling path of
appropriate dialogue or conversation between the knower and
the thing known (hence ‘critical’).

This insight does not pose a challenge to the notion that there exists
a world, independent of the observer. It is to acknowledge that the
knower is involved in the process of knowing, and that this
involvement must somehow be expressed within a realist perspective
on the world.

But what of alternatives to realism? The two most significant are
often regarded as idealism and instrumentalism, both of which we
shall now consider.

Idealism
Idealism is an approach to our knowledge of the world which
concedes that physical objects exist in the world, while holding that
we can have knowledge only of how things appear to us, or are



experienced by us, not things as they are in themselves. The most
familiar version of this approach is that associated with the great
German idealist philosopher Immanuel Kant (1724–1804), who
argued that we have to deal with appearances or representations,
rather than things in themselves. Kant thus draws a distinction
between the world of observation (the ‘phenomena’) and ‘things in
themselves’, holding that the latter can never be known directly. The
idealist will thus hold that we can have knowledge of the manner in
which things appear to us through the ordering activity of the human
mind. We cannot, however, have knowledge of mind‐independent
realities.

This view is expressed particularly forcefully in the approach often
known as ‘phenomenalism’. This holds that we cannot know extra‐
mental realities directly, but only through their ‘appearances’ or
‘representations’. Although this view is relatively uncommon within
the natural sciences, it has been defended by a number of significant
figures, including the noted physicist Ernst Mach. For Mach, the
natural sciences concern what is immediately given by the senses.
Science concerns only the investigation of the apparent ‘dependence
of phenomena on one another’. This led Mach to take a strongly
negative view of the atomic hypothesis, arguing that atoms were
merely useful fictions or theoretical constructs which cannot be
observed. Atoms were thus not ‘real’; they were simply useful
fictitious notions which helped observers to understand the
relationship between various observed phenomena. The central
concern is to ‘preserve the phenomena’ – a phrase first used by
Aristotle – which emphasizes the priority of experimental
observation over theoretical reflection. In the end, a theory will be
judged by the extent to which it is able to accommodate existing
observations, whether or not it is able to predict new and unexpected
additional observations.

It is helpful to note here that two of the most important scientific
theories developed in the last two centuries – Charles Darwin's
theory of evolution by natural selection and Albert Einstein's theory
of general relativity – were both highly successful in explaining
known observations. While Darwin was clear that his theory did not,
and could not, predict new observations, Einstein identified new
observations that were to be expected, if his theory was correct.



These included the phenomenon of gravitational lensing, in which
the warping of space‐time due to the gravitational influence of the
sun causes light to bend to an extent greater than that predicted by
Newtonian mechanics.

Mach, however, apparently influenced by a Kantian philosophical
framework, argued that it was impossible to move from the world of
phenomena to the world of ‘things in themselves’. We therefore
cannot move beyond the world of experience. Nevertheless, Mach
was prepared to allow the use of ‘auxiliary concepts’ which serve as
bridges linking one observation with another, provided that it is
understood that they have no real existence. They are ‘products of
thought’ which ‘exist only in our imagination and understanding’.

The point at issue in Mach's discussion is of considerable importance
and is often discussed in terms of the technical phrases ‘hypothetical
entities’, ‘theoretical terms’, or ‘unobservables’. The basic issue is
whether something has to be seen before it can be held to exist.
Mach, who argued that the natural sciences were concerned only
with reporting experimental observations, held that science was not
committed to defending the real and independent existence of
‘unobserved’ or ‘theoretical’ entities which those observations might
suggest – such as atoms.

Mach's views were challenged, and eventually refuted, by Albert
Einstein. In one of his remarkable scientific papers of 1905, Einstein
offered an explanation of the puzzling phenomenon known as
‘Brownian motion’ – the observation that very small particles of
matter, when suspended in a liquid, do not remain stationary but
move around randomly. Einstein took the view that these particles
moved around in irregular patterns because of the molecular
movement of the liquid in which they are suspended. Einstein's
theoretical analysis made it clear that, while it might not be possible
to see atoms or molecules, their real existence could nevertheless be
inferred from the properties of particles suspended in liquid. There
are important parallels here with Isaac Newton's proposal of gravity.
For Newton, gravity was a legitimate scientific inference from an
observable phenomenon to the unobservable entity that best
explains it. Similarly, atoms were not observed; their existence was



inferred. Yet that process of inference was robust and generated
further hypotheses that were open to empirical confirmation.

Instrumentalism
Instrumentalism holds that scientific concepts and theories are
merely useful instruments whose worth is measured not by whether
the concepts and theories are true or false, or how correctly they
depict reality, but by how effective they are in correlating and
predicting phenomena. They are not true descriptions of an
unobservable reality, but merely useful ways of organizing
observations. A scientific theory is best understood as a rule,
principle, or calculating device for deriving predictions from sets of
observational data.

The distinguishing features of instrumentalism can be studied from
Ernest Nagel's comments on the kinetic model of gases. This model
proposes that the molecules of a gas can be thought of as analogous
to inelastic spherical objects, such as billiard balls. Nagel argues that
this approach is nothing more than a useful instrument for making
sense of observations.

The theory that a gas is a system of rapidly moving molecules is
not a description of anything that has been or can be observed.
The theory is rather a rule which prescribes a way of symbolically
representing, for certain purposes, such matters as the observable
pressure and temperature of a gas; and the theory shows among
things how, when certain empirical data about a gas are supplied
and incorporated into that representation, we can calculate the
quantity of heat required for raising the temperature of the gas by
some designated number of degrees (i.e., we can calculate the
specific heat of the gas).

Scientific concepts, while being clearly grounded in observations of
the natural world, are thus not to be identified with, or reduced to,
those observations. Similarly, Stephen Toulmin argues that, instead
of speaking about the ‘existence’ or ‘reality’ of such entities as
electrons, scientists should recognize that such language is not used
to refer to a real entity. The issue has to do with how observations are



organized, with a view to stimulating further research, or predicting
the behaviour of systems in the future.

More recently, the philosopher of science Bas van Fraassen
developed ‘constructive empiricism’, which incorporates some
instrumentalist themes. He draws a distinction between a realist,
who holds that science aims to give a literally true description of
what the world is like, and what he calls a ‘constructive empiricist’,
who argues that acceptance of a theory does not involve commitment
to the truth of that theory, but to the belief that it adequately
preserves the phenomena to which it relates:

To be an empiricist is to withhold belief in anything that goes
beyond the actual, observable phenomena, and to recognize no
objective modality in nature. To develop an empiricist account of
science is to depict it as involving a search for truth only about the
empirical world, about what is actual and observable … it must
invoke throughout a resolute rejection of the demand for an
explanation of the regularities in the observable course of nature,
by means of truths concerning a reality beyond what is actual and
observable, as a demand which plays no role in the scientific
enterprise.

To speak of ‘laws of nature’ or theoretical entities such as electrons is
thus to introduce an unwarranted and unnecessary metaphysical
element into scientific discourse.

Yet historically, most instrumentalist understandings of science have
often transmuted into realist understandings with the passing of
time. The Copernican (and subsequently Keplerian) theory of the
solar system is a case in point. Initially, many scientists and non‐
scientists interpreted the Copernican heliocentric theory
instrumentally as a calculating device, believing that there were too
many problems with Copernicus’ approach to allow it to be seen as
‘real’. Andreas Osiander, in his famous preface to Copernicus’ On the
Revolution of Heavenly Bodies (1543), suggested that this theory
was a fruitful hypothesis which was useful for astronomical
calculations, but did not necessarily correspond to the way things
were. Copernicus offered a useful mathematical model which was
consistent with observations. Yet although the theory ‘saved the



phenomena’, it did not necessarily commit its readers to a
heliocentric model of the solar system.

It is the duty of an astronomer to establish the history of the
celestial movements through careful and skilful observation, and
then to conceive and devise causes of these motions or hypotheses
about them. Now since he cannot in any way attain to the true
causes, these assumed hypotheses enable those movements to be
calculated correctly from the principles of geometry, both for the
future and the past. The present author has performed both these
duties excellently. For these hypotheses do not need be true or
even probable. It is sufficient if they only provide a calculus
consistent with these observations.

Yet with growing observational evidence for the heliocentric model of
the solar system, an instrumentalist approach subtly changed into its
realist counterpart. With the development of Galilean and
Newtonian physics and the new observational data that became
available through the invention of the telescope, the heliocentric
theory began to be interpreted realistically, rather than
instrumentally. It was not merely a convenient way of thinking about
the solar system, or a convention that enabled certain useful
mathematic calculations to be performed. This was the way things
were. The solar system really was heliocentric.

Theology and Debates about Realism
So what is the relevance of these debates for theology? Perhaps the
most important point to note is that each of these positions in the
philosophy of science has its theological counterpart. Non‐realism is
well represented by the radical philosopher of religion Don Cupitt,
who argues we must ‘abandon ideas of objective and eternal truth,
and instead see all truth as a human improvisation.’ Instead of
responding to reality, we create whatever we choose to regard as real.
Reality is something which we construct, not something to which we
respond. ‘We constructed all the world‐views, we made all the
theories …. They depend on us, not we on them.’

On the whole, however, theologians who have engaged with the
natural sciences tend to be persuaded of the merits of more realist



approaches to theology. For example, the Scottish theologian
Thomas F. Torrance developed a rigorous form of theological
realism, insisting that theology gives an account of the reality of
things. Ian Barbour, Arthur Peacocke, and John Polkinghorne all
adopt forms of critical realism, ultimately based on William James's
emphasis on the active role of the knower in the process of knowing.

Polkinghorne set out his understanding of ‘critical realism’ in some
detail in his 1996 Terry Lectures at Yale University, clarifying why he
was not simply a realist in general, but a critical realist in particular:

I believe that the advance of science is not just concerned with our
ability to manipulate the physical world, but to gain knowledge of
its actual nature. In a word, I am a realist. Of course, such
knowledge is to a degree partial and corrigible. Our attainment is
verisimilitude, not absolute truth. Our method is the creative
interpretation of experience, not rigorous deduction from it. Thus
I am a critical realist.

The important point to note here is Polkinghorne's recognition that
the scientific enterprise involves the active interpretation of our
world, not merely passive observation. Polkinghorne thus highlights
the importance of the realization that ‘theory and practice are
inexplicably intertwined in scientific thought’, as a result of which
scientific ‘facts’ are to be understood as having already been
interpreted, whether consciously or not. ‘There is an inescapable self‐
sustaining circularity in the mutual relationship of theory and
experiment.’

Alister McGrath (born 1953) develops a somewhat different form of
critical realism, drawing on the insights of the social scientist Roy
Bhaskar concerning the stratification of reality, which emphasized
that all intellectual disciplines or sciences are under an intrinsic
obligation to give an account of reality according to its distinct
nature. In his Territories of Human Reason, McGrath explores how
diverse scientific and other intellectual disciplines – such as theology
– develop their own distinct research methods, developed with their
specific object of research in mind.

This point is so important that it needs further consideration. Is
there a single ‘scientific method’? Or do individual natural sciences



develop their own distinct approaches, based on their specific fields
of investigation? And if so, what are the implications for theology?

Explanation, Ontology, and Epistemology:
Research Methods and the Investigation of
Reality
Does every intellectual discipline use essentially the same method of
investigating reality? Or are these methods developed and adapted to
cope with the specific areas of investigation? Some writers speak of
the ‘scientific method’ – note the use of the singular – so that the
natural sciences are all characterized by essentially the same working
methods. This approach is found in the writings of the Oxford
physicist and scientific populariser Peter Atkins, who argues that the
distinctive ‘scientific method’ is capable of illuminating everything in
a uniquely reliable manner. Yet his approach fails to take account of
the distinct characteristics and objectives of individual sciences, in
effect reducing them all to a single ‘mono‐science’ which overlooks
their distinct identities, histories, and objects of inquiry. This view of
a unique ‘scientific method’ has long been undermined by scholarly
studies of the history and practice of the natural sciences, which
point to a wide range of methods being developed and deployed,
depending on the specific object of investigation. While astronomy,
biochemistry, and psychology are all natural sciences, they
nevertheless use different research tools in carrying out these
investigations.

Earlier in this work, we noted a remark of Werner Heisenberg: ‘We
need to remember that what we observe is not nature itself, but
nature as it is disclosed by our methods of investigation.’ There is no
generalized scientific method which can be applied to all sciences
without some modification. While certain general principles may be
argued to lie behind the specific approaches found in any given
natural science, the nature of the field to be investigated shapes the
approach to be adopted. In that each science deals with a different
object, it is under an obligation to respond to that object according to
its distinctive nature. The methods which are appropriate to the
study of one object cannot be abstracted and applied uncritically and
universally. Each science develops procedures which it believes to be



appropriate to the nature of its own particular field of research. Yet
each research method engages and illuminates only part of a bigger
picture. Its results may be reliable and precise – but they are
nevertheless incomplete.

The suggestion that the natural sciences themselves adopt a plurality
of methods and criteria of rationality finds ample support in
scientific practice. The biologist Steven Rose, reflecting on the
scientific task of engaging and explaining the world within his own
field, noted that a plurality of methods was required to engage our
world. ‘As a materialist, as all biologists must be, I am committed to
the view that we live in a world that is an ontological unity, but I
must also accept an epistemological pluralism.’ We cannot reduce all
cognitive activity to ‘a single fundamental method’, but must rather
make use of a range of conceptual tool‐boxes, adapted to specific
tasks and situations, to give as complete an account as possible of
our world.

Rose explains his point with a parable of five biologists, representing
different subdivisions of that discipline, who notice a frog jump into
a pond. Each offers an explanation of this observation from the
specific perspective of their own biological subdiscipline. The
physiologist explains that the frog's leg muscles were stimulated by
impulses from its brain. The biochemist supplements this by
pointing out that the frog jumps because of the properties of fibrous
proteins. The developmental biologist locates the frog's capacity to
jump in the first place in the biological process that gave rise to its
nervous system and muscles. The animal behaviourist points out that
the frog jumped to escape from a lurking predatory snake. The
evolutionary biologist adds that the process of natural selection
ensures that only those ancestors of frogs which could detect and
evade snakes would be able to survive and breed. Rose's point is
simple: all five explanations are part of a bigger picture. All of them
are right; they use different research methods to illuminate aspects
of a greater whole, which none of them can disclose completely on
the basis of its own methods.

Rose's parable helps us to identify the issues that need to be
considered in moving from the recognition of multiple perspectives
to the development of a unified theoretical account. Each of the five



approaches can be treated as offering a specific perspective on the
frog's jump. These perspectives reflect their own distinct disciplinary
methods and emphases, and do not need to be treated as ‘fictions’, or
even as instrumentalist accounts of the phenomenon.

A wide variety of methodologies are deployed across the spectrum of
these disciplines. Physics, evolutionary biology, and psychology each
have their own vocabularies, methods, and procedures, and engage
with nature in their own characteristic ways. Each natural science
develops a vocabulary and a working method which is appropriated
or adapted to its object. The more complex that object, the more
levels of explanation are required. A classic example is the human
body, which can be investigated at a series of levels – anatomical,
physiological, and psychological – each of which illuminates one
aspect of the greater whole, but none of which is adequate by itself to
give a full account.

So what are the implications of this ‘discipline‐specific’
understanding of scientific method for theology? During the 1930s,
the Swiss Protestant theologian Karl Barth argued vigorously for the
recognition of the distinctive sources, norms, and methods of
Christian theology. Like other disciplines, it had its own sources and
norms. The German philosopher Heinrich Scholz, however, had
suggested that theology should be judged by the same criteria as
every other discipline. Scholz was influenced here by the
Enlightenment idea that there was a single rational method, which
applied to all fields of study. In Barth's view, Christian theology was
not ‘scientific’ because it conformed to some allegedly universal
method, but rather because it used a method that was appropriate to
the object under investigation.

Thomas F. Torrance is a good example of a theologian who engaged
the natural sciences extensively in developing his own theological
positions and who affirmed the uniqueness of theological method.
This is probably best seen in Torrance's Theological Science (1969),
which asserted the distinctiveness of Christian theology, both in
terms of its object of inquiry and its research method:



Theology is the unique science devoted to knowledge of God,
differing from other sciences by the uniqueness of its object which
can be apprehended only on its own terms and from within the
actual situation it has created in our existence in making itself
known.

For Torrance, both Christian theology and the natural sciences are
responses to a reality that lies beyond them, and which are shaped by
the reality that is to be apprehended. All intellectual disciplines or
sciences are under an intrinsic obligation to give an account of reality
‘according to its distinct nature’. A similar point is made by John
Polkinghorne, who affirms that ‘there is no universal epistemology,
but rather entities are knowable only through ways that conform to
their idiosyncratic nature.’

For Torrance, this means that both scientists and theologians are
under an obligation to ‘think only in accordance with the nature of
the given’. The object which is to be investigated must be allowed a
voice in this process of inquiry. The distinctive characteristic of a
science is to give an accurate and objective account of things in a
manner that is appropriate to the reality being investigated. Both
theology and the natural sciences are therefore to be understood as a
posteriori activities which respond to ‘the given’ rather than as a
priori speculation based on philosophical first principles. In the case
of the natural sciences, this ‘given’ is the world of nature; in the case
of theological science, it is God's self‐revelation in Christ.

A Case Study in Explanation: Nancey Murphy on
‘Non‐Reductive Physicalism’
How do Christians understand human nature? What are the
essential features of a Christian anthropology? The American
philosopher Nancey Murphy has contributed significantly to what
she terms the ‘debate over the “ontological constituents” of human
beings’. The traditional Christian answer to this question, which
received its definitive statements in the Middle Ages, is to draw a
distinction between ‘body’ and ‘soul’ (Latin: anima). Humans, it was
argued, were distinguished from all other animals and inanimate
objects by the possession of this spiritual entity. This approach was



held to be justified on biblical grounds, in that the New Testament
generally speaks of ‘body and soul’, and occasionally of ‘body, soul,
and spirit’. References to the ‘body’ were generally understood by
medieval writers to refer to the physical and material parts of
humanity, whereas the ‘soul’ was understood as an immaterial and
eternal spiritual entity, which merely resided within the human
body.

There are two questions requiring further discussion here. First, is
this really how we ought to interpret the biblical anthropological
statements? Many scholars in the twentieth century pointed out that
the notion of an immaterial soul was a secular Greek concept, rather
than a biblical notion. The Hebraic vision of humanity was that of a
single entity, an inseparable psychosomatic unit, with many facets or
aspects. The Old Testament conceives of humanity ‘as an animated
body and not as an incarnate soul’ (H. Wheeler Robinson). Second,
what challenges are posed to this traditional view by modern
neurosciences, which offer no place for such notions as a ‘soul’? How
are we to conceive human nature, in the light of both recent trends in
biblical interpretation and developments in neuroscience?

Murphy's work engages both these questions, especially the second.
She follows the British New Testament scholar James D. G. Dunn in
holding that the biblical authors were not concerned to catalogue the
metaphysical components of human beings, such as body, soul,
spirit, or mind. Their interest was primarily in relationships, and
especially a person's relationship with God. Murphy insists on the
need for a physicalist account of humanity, which does not invoke or
presuppose spiritual or immaterial components. She correctly notes,
for example, that biblical terms for aspects of human existence came
to be translated by, and eventually elided with, Greek philosophical
terms, thus coming to be understood as referring to constituents of
humanity. Murphy considers these questions against the backdrop of
a broader discussion of ‘physicalism’ in mainstream philosophy,
which often presents a physicalist approach to mental causation and
mental events as the default position.

So does this lead to a reductionist account of human nature? Murphy
rightly points out that this question needs a careful response, given
that many are reluctant to accept purely physicalist accounts of the



human person, in that these often seem to deny the existence,
meaning, or value of those aspects of human life that are seen as
particularly significant. Reductionist accounts of human nature seem
to call into question many traditional concerns and beliefs about the
dignity and theological position of the human person. Murphy
helpfully distinguishes a number of senses in which the word
‘reductionist’ is used:

1. Methodological reductionism is a research strategy of analysing
the thing to be studied into its parts.

2. Ontological reductionism is the view that no new kinds of
metaphysical ‘ingredients’ need be added to produce higher‐
level entities from lower‐level ones. This rejects, for example, the
views of Henri Bergson (1859–1941) and Hans Driesch (1867–
1941), who respectively held that an additional ‘vital force’ or
‘entelechy’ was needed to produce living beings from non‐living
materials.

3. Causal reductionism is the view that the behaviour of the parts
of a system (ultimately, the parts studied by subatomic physics)
is determinative of the behaviour of all higher‐level entities. If
this thesis – that all causation in the hierarchy is bottom‐up – is
true, it follows that the laws pertaining to higher sciences in the
hierarchy should be reducible to the laws of physics.

Murphy uses the phrase ‘nonreductive physicalism’ to designate
accepting ontological reductionism, while rejecting causal
reductionism and reductive materialism. Murphy's position thus
involves reclaiming the biblical idea of humanity as an inseparable
psychosomatic unit, which is clearly consistent with the modern
neuroscientific consensus. Yet her most significant achievement is to
show how this ‘nonreductive physicalism’ can avoid the reductionist
pitfalls that its critics might anticipate. This involves the
development of two ideas: supervenience and ‘downward causation’
(also known as ‘top‐down causation’ or ‘whole‐part causation’).

The notion of supervenience was introduced by 1970 by Donald
Davidson (1917–2003) to describe the relation between mental and
physical characteristics. Since it is widely regarded as implausible



that ideas, minds, and so forth do not exist at all, physicalists often
assert instead that ideas and minds ‘supervene’ on material objects.
Murphy adopts this idea to show how the behaviour of any given
higher‐order system may be influenced strongly, but not completely
determined, by the behaviour of its lower‐order components. Neither
the freedom of the human mind nor the human will are thus
abolished by their physical natures and contexts.

Murphy also appeals to the notion of ‘downward causation’ to defeat
reductionism. The importance of this approach has been noted by
other writers in the field of science and religion, including Arthur
Peacocke and John Polkinghorne. This approach involves
challenging the mechanical model of causation which holds that the
lower levels of a system determine its higher‐level properties, so that
behaviour at higher levels is in some sense ‘explained away’ by the
lower‐level systems. On this approach, consciousness is explained by
physics. Yet this can easily be challenged. Even if the lower levels of a
system were deterministic, the behaviour of the system as a whole is
shaped by the configuration of its individual components. The case of
biological evolution is an excellent example, where the relation of
organisms to their environments plays a significant role in natural
selection, which cannot be predicted on the basis of a mechanical
model of ‘upward causation’.

What Does it Mean to Explain Something?
Human beings long to make sense of things – to identify patterns in
the rich fabric of nature, to offer explanations for what happens
around them, and to reflect on the meaning of their lives. Knowing
that something has happened, or that something exists, is not the
same as understanding why it happened, or why it exists. There is a
significant gap between knowing that and knowing why. Both the
scientific and religious communities aim to make sense of what is
observed. They set out to wrestle with the ambiguities of experience,
in order to offer the ‘best explanations’ for what is observed. This is
not to say that either science or religion may be reduced to such
interpretations but is simply to note that both possess an explanatory
dimension.



Human beings clearly consider it important to be able to explain our
world – to offer an account, however incomplete, of the
interconnections of events and forces in our world that allow us to
understand why certain things happen, or why they happen in a
certain way. The belief that there is some reasonable explanation for
what we observe within our world and experience within ourselves
seems to be a universal human intuition. The task of finding such
explanations – to make sense of things – is an integral aspect of the
human engagement with reality.

The natural sciences are widely understood to offer evidence‐based
explanations for what we observe within our universe. Science is
about uncovering the basic intelligibility of nature, aiming to identify
the deeper structures and broader patterns which lie behind events
and entities in the natural world. The philosopher of science Peter
Dear's summary of this point would command wide assent within the
scientific community:

The hallmark of natural philosophy is its stress on intelligibility: it
takes natural phenomena and tries to account for them in ways
that not only hold together logically, but also rest on ideas and
assumptions that seem right, that make sense; ideas that seem
natural.

Some would argue that the intelligibility of nature itself requires
explanation. Why is the human mind able to discern the deep
rationality of our universe, when there appears to be no good reason
for being able to do so? The great German physicist Max Planck, for
example, remarked that ‘science cannot solve the ultimate mystery of
nature’, in that ‘we ourselves are part of nature and therefore part of
the mystery that we are trying to solve’.

John Polkinghorne developed this point further, arguing that
Christianity provides an intellectual framework which makes sense
of our ability to understand our universe. ‘Theology can render this
discovery intelligible, through its understanding that the Mind of the
Creator is the source of the wonderful order of the world.’ Theology
thus positions scientific insights within a broader and deeper context
of intelligibility, providing a framework that holds together both
objective and subjective accounts of reality. Science ‘needs to be



considered in the wider and deeper context of intelligibility that a
belief in God affords.’

Interest in what it means to offer a scientific explanation of
observations can be traced back to the Renaissance. However, it
became a serious philosophical issue in the early nineteenth century,
especially through the work of the English philosopher William
Whewell (1794–1866). In his Philosophy of the Inductive Sciences,
Whewell set out an account of what a scientist does when trying to
make sense of a set of observations. For Whewell, observation
involves what he terms ‘unconscious inference’, meaning that we
unconsciously or automatically interpret what we observe in terms of
a set of ideas. In doing this, Whewell suggests, we add something to
this process of observation – namely, some kind of organizing
principle which we ‘superimpose’ on the empirical observations, so
that they can be seen as interconnected. A good theory is able to
‘colligate’ observations that might otherwise be seen as disconnected,
just as a string holds together a group of pearls in a necklace. For
Whewell, a theory both identifies and illuminates the ‘true bond of
Unity by which the phenomena are held together.’ The theory thus
explains empirical observations by ‘superinducing’ upon them a way
of thinking which allows their interconnectedness to be grasped.

Ontic and Epistemic Approaches to Explanation
In the late twentieth century, two main approaches to scientific
explanation emerged, which are now generally designated as ‘ontic’
and ‘epistemic’. This distinction is due to the philosopher of science
Wesley Salmon, who argued that ontic accounts of explanation hold
that explanations involve identifying structures and processes within
the world which are responsible for the production of the
phenomena that are to be explained. Epistemic accounts hold that
explanation is concerned with our making phenomena
understandable, predictable, or intelligible by setting them in an
informing context. In effect, we create or generate a mental
framework which organizes empirical observations and fits them into
a coherent pattern. Salmon thus contrasts ontic explanations that are
grounded externally to the observer, located in the structure of the
world, with epistemic approaches that see explanation as a human
cognitive achievement, based on conceptual structures generated by



the human mind. While many approaches to explanation actually
mingle ontic and epistemic elements, it is nevertheless helpful to
distinguish these two broad approaches.

The simplest ontic explanations are causal. If A causes B, then A
explains B. Salmon points out that this approach to scientific
explanation is based on the assumption that ‘underlying causal
mechanisms hold the key to our understanding of the world.’ Causal
processes and causal laws provide the mechanisms by which the
world operates. To understand why certain things happen, we need
to see how they are produced by these mechanisms. To explain an
event may thus mean providing information about its causal history.
It is important to note here that an event may have multiple causes.
The complex causal chain of an apple falling to earth might include,
for example, the force of gravity, a decaying branch on the apple tree,
or a wayward bird which happened to alight on the apple at the time.
Causal sequences often involve multiple factors, making it difficult to
assign a single cause to an event.

Epistemic approaches to explanation, however, are based on the
belief that science achieves explanation by offering a unified picture
of the world. A scientific explanation provides a unified account of a
range of different phenomena. To understand any given
phenomenon is to see how it fits together with other phenomena
within a unified whole, discerning the fundamental unity that
underlies the apparent diversity of the phenomena themselves.
Philip Kitcher is one of many philosophers of science to emphasize
the importance of discerning common patterns within nature as the
basis of explanation:

Understanding the phenomena is not simply a matter of reducing
the ‘fundamental incomprehensibilities’ but of seeing connections,
common patterns, in what initially appeared to be different
situations.

Many locate the fundamental source of explanatory power lying in
ontology – an understanding of the fundamental order of things.
Epistemic explanation works best when its conceptual frameworks
are considered to correspond to, or be grounded in, the structures of
the world. For this reason, many philosophers of science hold that
there is an irreducible ontic element to the process of explanation.



The French philosopher of science Pierre Duhem (1861–1916) argued
that to explain something ‘is to strip reality of the appearances
covering it like veils, in order to see this naked reality face to face.’ It
is by discovering the ‘big picture’ that its individual elements are able
to be both known and understood; explanation is about the location
of an event or observation within this deeper context.

So how do we decide what scientific theory provides the best
explanation of what we observe? It has long been recognized that any
group of observations can be explained in a number of ways. This
naturally raises the question of what criteria we might use to decide
which of a group of possible explanations is the most reliable. In the
next section, we shall look at the complex question of theory choice
in science. But before we turn to consider this question, we need to
ask whether religion has any explanatory role.

Religion and Explanation
Does religion explain anything? Alvin Plantinga is one of a number of
philosophers of religion who suggest that its explanatory potential is
not of primary importance for Christianity.

Suppose theistic belief is explanatorily idle: why should that
compromise it, or suggest that it has low epistemic status? If
theistic belief is not proposed as an explanatory hypothesis in the
first place, why should its being explanatorily idle, if indeed it is,
be held against it?

Similarly, the philosopher of religion Dewi Z. Phillips (1934–2006)
also marginalizes the explanatory aspects of belief in God. Religion
does not require explanation, nor does it offer explanations. Phillips
here follows the philosopher Ludwig Wittgenstein in playing down
any explanatory role for faith.

Others, however, argue that religion does have an explanatory or
sense‐making role, and that this is essential in understanding both
its appeal and its function. The philosopher Keith Yandell is a
representative of this approach:



A religion is a conceptual system that provides an interpretation
of the world and the place of human beings in it, bases an account
of how life should be lived given that interpretation, and expresses
this interpretation and lifestyle in a set of rituals, institutions and
practices.

Similarly, Richard Swinburne argued that God is the best
explanation for the complex patterns of phenomena that we observe
in the natural world. ‘I am postulating a God to explain what science
explains; I do not deny that science explains, but I postulate God to
explain why science explains.’ The existence of God may, he argues,
be inferred from what is observed in the world. And once this idea of
God is accepted, it is found to offer an explanation for what we
experience around us.

The physicist and theologian John Polkinghorne holds that religion
has a particularly important role in dealing with ‘metaquestions’ that
science raises, but which point us beyond what science by itself can
presume to speak about. Why is the physical universe rationally
transparent to us so that we can discern its pattern and structure?
Why is it that some of the most beautiful patterns proposed by pure
mathematicians are actually found to occur in the structure of the
physical world? How are we to account for the ability of mathematics
to model so accurately the fundamental structures of the universe?
Science gladly exploits the rational transparency of the universe but
is unable to explain why the universe is like this. Christianity
provides a theistic framework that explains what otherwise has to be
regarded as a miracle or a fortunate accident.

The great medieval theologian Thomas Aquinas argued that there
was an explicit connection between the existence of God and the
human capacity to make sense of our world. God can be considered
to be an explanatory agent, whose existence and nature provides a
retrospective explanation of various aspects of our experience of the
world – such as the ordering of the world, or our sense of goodness
or beauty. In a famous 1948 debate between Bertrand Russell and
Frederick Copleston, Russell ruled out the need for any explanation
of the universe. The universe is there, and nothing can be added to
the brute fact of its existence. Aquinas, in contrast, takes the view
that it is reasonable to seek an explanation of why the world exists,



and why it has its distinct characteristics. The universe is seen to
require an explanation in terms of a relationship to something other
than itself – that is, God. A similar point is made by the philosopher
Thomas Nagel, who argues that the existence of our universe
requires a larger explanatory context than scientific laws, in that
such a limited explanation ‘would still have to refer to features of
some larger reality that contained or gave rise to it.’

Aquinas's approach to explanation in the second of his ‘Five Ways’ is
basically causal. This argument can be set out in four stages:

1. We observe an order of efficient causes in the things we see
around us.

2. Yet we do not observe, and cannot expect to observe, anything
that is the efficient cause of itself.

3. It is not possible that there should be an infinite series of
efficient causes.

4. Therefore we must suppose that there is some prime efficient
cause (prima causa efficiens), which is what everyone calls
‘God’.

Aquinas sees this argument as offering a causal explanation of what
is observed and experienced within the world. Although Aquinas's
approach is ontic rather than epistemic, the context within which it is
set presupposes some form of conceptual integration of both ontic
and epistemic modes of explanation, even if this is not developed at
this point in the Summa Theologiae.

This approach has been developed further by many modern
philosophers, who have argued for the existence of a transcendent
necessary being that is the ground for an ultimate explanation of why
particular contingent beings exist and undergo particular events.
Theism in general (and Christianity in particular) is argued to
articulate a theoretical framework that make possible ultimate
explanation of reality. Some have argued for developing a case for
the existence of such a transcendent being on the basis of its capacity
to explain the existence and character of the world, and then sought
to correlate this with the Christian God; others have developed
approaches which seek to demonstrate the explanatory capacity of



the Christian understanding of God, seeing such a capacity as an
indicator of such a God's existence. Yet this specific approach to
explanation also includes a critical element, in that it poses the
question of how a purely naturalist or materialist interpretation of
our world can account for the appearance, through the operation of
the laws of physics and chemistry, of conscious beings such as
ourselves, who prove to be capable of discovering those laws and
understanding the universe that they govern.

Thus far, we have considered general theistic approaches to
explanation. But what of specifically Christian approaches? It has
often been noted that many leading scientists of the Renaissance saw
theology as offering an imaginative template that enabled them to
make sense of the world. Many theologians regarded the notion of
humanity bearing the ‘image of God’ has to have important epistemic
outcomes, including a propensity or capacity to discern God within
creation. William Whewell's inductive scientific method reflected his
belief that the ‘Fundamental Ideas’ which we use to organize our
sciences resemble the ideas used by God in the creation of the
physical universe. God has created our minds such that they contain
these ideas (or their ‘germs’), so that ‘they can and must agree with
the world’.

Much the same idea was set out earlier, in a more mathematical
form, by the astronomer Johann Kepler. In his Harmonies of the
World (1619), Kepler argued that the theological ‘given’ that human
beings were constituted after the form of the ‘image of God’
predisposed them to think mathematically, and thus grasp the
structure of the created order:

In that geometry is part of the divine mind from the origins of
time, even from before the origins of time (for what is there in
God that is not also from God?), it has provided God with the
patterns for the creation of the world, and has been transferred to
humanity with the image of God.

Kepler's work is of interest for many reasons, not least the fact that it
is generally regarded as the last major scientific work to use the
musical notion of harmony in scientific reflection on the nature of
the world.



Philip Clayton on Explanation in Religion
The American philosopher of religion and philosopher of science
Philip Clayton, presently Ingraham Professor of Theology at
Claremont School of Theology and Professor of Philosophy and
Religion at Claremont Graduate University, California, has given
careful thought to the relation of explanatory practices and
conventions in science and religion. Clayton's first major published
work was a study of explanation in science and religion. Explanation
from Physics to Theology: An Essay in Rationality and Religion
(1986) is widely regarded as having made a powerful case for
retaining the notion of ‘explanation’ as religiously meaningful.

Clayton countered the trend to treat religion as lacking any
explanatory potential, which was then prevalent within the
philosophy of religion. This view is found in the writings of Ludwig
Wittgenstein (1889–1951), especially his caustic remarks on Sir
James Frazer's Golden Bough, and has had a significant impact on
the philosophy of religion. As noted above, an excellent example of
this ‘religion without explanation’ approach is found in the writings
of Dewi Z. Phillips.

Responding to this challenge, Clayton pointed out that religious
belief systems could indeed be said to offer ‘explanations’, when this
term was properly defined. At this stage, explanation was still
primarily understood in causal terms. For example, philosopher of
science Wesley Salmon argued that ‘to give a scientific explanation is
to show how events and statistical regularities fit into the causal
network of the world.’ Yet Clayton rightly pointed out that causal
notions of explanation were being displaced by their coherentist
counterparts. In other words, an ‘explanation’ could be understood
in terms of the provision of an intellectual framework which proved
capable of the maximum accommodation of observations. Clayton's
approach to explanation is reflected in his emphasis upon the
theological importance of the notion of ‘inference to the best
explanation’, which does not necessarily depend upon a causal
account of explanation. The critical question is which of a group of
potential explanations of a given set of observations seem to offer the
best ‘fit’.



While noting that religious explanations often focused primarily on
the way in which individuals make sense of their experience, Clayton
pointed out that religious intuitions are not limited to the domain of
what might be called specifically religious experience. Indeed,
religious explanation has a capacity to make sense of experience as a
whole. Thus the believer or mystic senses (or ‘sees’) that things fit
together, that there is an underlying coherence to our world.

How Do We Decide What is the Best
Explanation?
Recent years have seen a growing interest within the philosophy of
science in the idea of ‘inference to the best explanation’. This
represents a decisive move away from older positivist
understandings of the scientific method, still occasionally
encountered in popular accounts of the relation of science and
religion, which holds that science is able to – and therefore ought to
– offer evidentially and inferentially infallible evidence for its
theories. This positivist approach, found at many points in the
writings of Richard Dawkins, is now realized to be deeply
problematic. It is particularly important to note that scientific data
are capable of being interpreted in many ways, each of which has
some evidential support. In contrast, positivism tended to argue that
there was a single unambiguous interpretation of the evidence,
which any right‐minded observer would discover. Since there are
many explanations, the question of how the best such explanation is
to be identified becomes of acute importance.

A further problem that needs to be noted here is the entanglement of
observation and theory. For example, the current estimate of the age
of the universe is roughly 13.8 billion years. But how do we know
this, in the absence of any continuous chronological monitoring of
this history? In 1919, most scientists thought that the universe was of
indefinite or infinite age; in 1929, based on an early determination of
Hubble's constant, it was believed to be 2 billion years old; now it is
believed to be 13.8 billion years old. Current estimates of the age of
the universe are based on observations that are interpreted within
the premises and parameters of what is known as the ‘Lambda‐CDM
model’. The observations themselves tell us nothing directly about



the age of the universe; a theoretical framework is needed to
interpret them.

The point here is that science does not read off the age of the
universe directly; it interprets certain observations within the
framework of the Lambda‐CDM model to yield the age of the
universe. The speeds and distances of receding galaxies are not
observed directly but are inferred on the basis of the premises and
parameters of additional physical theories – such as the correlation
between velocity and the Doppler red‐shift of the spectra of stars.
Like all scientific models the Lambda‐CDM model is provisional and
can be expected to undergo change and modification over time. Yet
we cannot predict what those changes will be, nor what their impact
will be on estimates of the age of the universe.

To begin our reflections on these questions, we will consider the
distinction between generating new theories and testing these new
theories. This distinction is often expressed in terms of a contrast
between a ‘logic of discovery’ and a ‘logic of justification’.

‘Logic of Discovery’ and ‘Logic of Justification’
How do new theories emerge? How, for example, did Charles Darwin
come up with the idea of evolution through natural selection? Or, to
give a famous example from the field of chemistry, how did the
German organic chemist August Kekulé realize that molecules of
benzene had a cyclical structure? Kekulé answered this question in
1890, telling how the idea came to him while he was drowsing in
front of his fire at home. He had a vision of a snake chasing its own
tail, which suggested to him that benzene had a ring structure. And
having proposed such a structure for benzene, Kekulé checked it out
against the experimental evidence, and found that it seemed to
account for it satisfactorily.

The way in which Kekulé came up with the idea that benzene had a
cyclical structure is now seen as a classic example of a ‘logic of
discovery’, the process of developing new hypotheses for
consideration, which is distinguished from the subsequent ‘logic of
justification’ in which these hypotheses are checked out against the
available evidence and any predictions they make. It is now widely



accepted that the ‘logic of discovery’ is essentially imaginative or
creative, involving making connections which others have failed to
see. The ‘logic of justification’, however, is fundamentally rational
and critical, aiming to subject this new theory to rigorous critical
examination. The manner in which a theory is derived is not of
ultimate importance in determining whether it is right; what really
matters is how well that theory can account for existing evidence and
perhaps predict new and unknown findings.

An early anticipation of this approach to a ‘logic of discovery’ can be
found in the American pragmatist philosopher Charles Peirce (1839–
1914), son of a noted Harvard astronomer and himself a scientific
practitioner. For Peirce, scientific thinking can be described as a
specific form of ‘abductive inference’, which can be set out as follows:

1. The surprising fact, C, is observed;

2. But if A were true, C would be a matter of course.

3. Hence, there is reason to suspect that A is true.

So how do we arrive at the hypothesis A, which explains C? Peirce
argues that observing how scientists actually work shows that new
theories and hypothesis are generated in many ways, including
processes which Peirce describes as ‘inspiration’ and ‘imagination’.
The way in which Kekulé imagined benzene as having a ring
structure fits easily within Peirce's description of this logic of
discovery.

A related approach is found in the American philosopher of science
N. R. Hanson's reflections on the advance of scientific knowledge.
Hanson (1924–1967) argued there were three common features in
what he called ‘the logic of scientific discovery’:

1. The observation of some ‘surprising’ or ‘astonishing
phenomena’, which represent anomalies within existing ways of
thinking. This ‘astonishment’ may arise because the
observations are in conflict with existing theoretical accounts.

2. The realization that these phenomena would not seem to be
astonishing if a certain hypothesis H was true. These



observations would be expected on the basis of H, which would
act as an explanation for them.

3. There is therefore good reason to for proposing that H should be
considered to be correct.

Like Peirce, Hanson thus identifies astonishing or surprising
observations as a fundamental motivation in the enterprise of
scientific discovery. Is there a theoretical standpoint from which
these observations would not be astonishing but would be expected?

A good example of this lies in Albert Einstein's explanation of a
puzzling observation relating to the planet Mercury which could not
be accounted for by existing theories – such as Newtonian
mechanics. The perihelion of Mercury (the point at which it was
closest to the sun) was discovered to move by a tiny – but observable
– amount each year. There was no obvious reason for this, although
the French mathematician Urbain Le Verrier argued in 1859 that it
could be explained if there was a hitherto unknown planet of roughly
half the mass of Mercury, positioned closer to the sun. Le Verrier
named this hypothetical planet ‘Vulcan’. It was never found, despite
several false reports of observations of this planet throughout the
1860s.

In November 1915, Einstein announced that the advancing
perihelion of Mercury was explained precisely and persuasively by
his new general theory of relativity. This arose on account of the
planet's motion through a gravitational field that was warped by the
Sun's enormous mass. Although this effect could be observed for all
the planets, it would be most noticeable in the case of Mercury as
Mercury is the closest planet to the sun.

Einstein's general theory of relativity provided a new theoretical
framework which was able to accommodate a known and baffling
observation. Yet Einstein also predicted that the same basic pattern
could be observed with all the remaining planets, even though it
would be virtually impossible to detect this using the
instrumentation available in the 1910s. His theory also made some
novel predictions – most notably, phenomenon now known as
‘gravitational lensing’, in which the warping of space‐time due to the
gravitational influence of the sun causes light to bend. Although



Newtonian mechanics predicted a certain degree of bending of light
by gravity, Einstein's theory made it clear that this was
supplemented by the warping of space‐time. In the end, this
enhanced bending of light by gravity was observed during a solar
eclipse in 1919, providing a spectacular confirmation of Einstein's
theory.

Inference to the Best Explanation
The approach now generally known as ‘inference to the best
explanation’ recognizes that multiple explanations might be offered
for any given set of observations and sets out to identify criteria by
which the best such explanation might be identified and justified. Yet
the best theory may not be a true theory – it may simply be the best
approach available at this specific moment in history. So what are
these criteria? A number of ways of evaluating theories or
explanations have been put forward by philosophers of science. In
what follows, we shall consider three widely used criteria.

1. Simplicity. In the later Middle Ages, the philosopher William of
Ockham recommended avoiding unnecessary hypotheses. This
principle – often known as ‘Ockham's Razor’ or the ‘Principle of
Parsimony’ – is useful. The simplest theories are often the best –
but not always. Copernicus’ model of the solar system was
elegantly simple, envisaging the planets revolving round the sun
in circular orbits at constant speed. Yet, as the astronomer
Johann Kepler later demonstrated, the planets did not orbit
around the sun in mathematically simple circles, but in the more
complex curves of ellipses, requiring more complex
mathematical representation. Furthermore, the planets moved
at variable speeds as they rotated round the sun. Simplicity may
be an indicator of truth, but it is not a guarantor of truth. There
is also an unresolved debate about whether simplicity means
mathematically uncomplicated, easy to understand, or
explaining a wide variety of phenomena on the basis of a
minimal set of laws.

2. Elegance and Beauty. Many have noted that successful theories
are often elegant. In 1955, the physicist Paul Dirac was asked to
set out his philosophy of physics. Dirac responded by writing



this statement on a blackboard: ‘Physical laws should have
mathematical beauty.’ Dirac pointed out that Newton's classical
mechanics were simple; Einstein's relativistic mechanics were
complex – yet mathematically elegant. What makes the theory
of relativity so acceptable to physicists, in spite of its going
against the principle of simplicity, Dirac remarked, is its ‘great
mathematical beauty’. Yet it is far from clear why such a
subjective criterion as elegance or beauty should be an indicator
of truth!

3. A Capacity to Predict. Many scientists argue that it is essential
that a scientific theory ought to have a capacity to predict. There
are some excellent examples of innovative theories – such as
Einstein's theory of general relativity, noted above – which
made unexpected predictions that were subsequently confirmed.
Yet it remains unclear why a capacity to predict should be so
important, apart from the psychological impact of the
confirmation of a novel prediction. The critical question is
whether evidence is supportive of a theory, and the rigour of the
selection procedure used to generate the evidence. Darwin was
adamant that his theory of natural selection could not be proved
to be true, and that it made no testable predictions – but he still
believed it was right, for reasons we shall explore below. String
theory makes no predictions, and is empirically unverifiable or
unfalsifiable. Yet both theories are regarded as scientific, despite
failing to meet this criterion.

A further issue of debate concerns the ranking of these criteria.
Which is the most important? And what is the scientific basis of this
choice? In practice, these criteria and others like them are seen as
signs, not as proofs, of theoretical reliability. There is, however, a
further issue that needs to be noted. The method of ‘inference to the
best explanation’ may help us work out which of a group of possible
explanations is the ‘best’ – but it does not follow that the ‘best’ of
these explanations is actually true. It is simply better than its rivals.
The philosopher Gilbert Harman, who is widely credited with
introducing the idea of ‘inference to the best explanation’,
nevertheless considered that there were good reasons for believing
that the best explanation was likely to be true:



In making this inference, one infers from the fact that a certain
hypothesis would explain the evidence, to the truth of that
hypothesis. In general, there will be several hypotheses which
might explain the evidence, so one must be able to reject all such
alternative hypotheses before one is warranted in making the
inference. Thus one infers, from the premise that a given
hypothesis would provide a better explanation for the evidence
than would any other hypothesis, to the conclusion that the given
hypothesis is true.

This discussion of theory choice is somewhat abstract. In what
follows, we shall look at a case study which helps clarify some of the
issues. How did Charles Darwin come to the conclusion that his
theory of evolution by natural selection was preferable to the
alternative hypotheses of his age?

A Case Study: Darwin and Natural Selection
Charles Darwin's appeal to the novel concept of natural selection as
the ‘best explanation’ of an accumulated body of observations
concerning natural history is widely cited as a successful application
of the inductive process now known as ‘inference to the best
explanation’. For Darwin, as we noted earlier (43–4), four features
of the natural world in particular seemed to require particularly close
attention, in the light of problems and shortcomings with existing
explanations, especially the idea of ‘special creation’ offered by
earlier religious apologists such as William Paley (1743–1805). Paley
argued that the complexity of the biological realm was best explained
by the idea of special divine creation. Such complexity, he argued,
could not have come about accidentally, and was to be seen as
evidence of design.

While Paley's theory offered explanations of these four observations,
they seemed cumbersome and forced. Darwin believed that there had
to be a better explanation than that offered by Paley for these four
observations. These observations are:

1. Many creatures possess ‘rudimentary structures’, which have no
apparent or predictable function – such as the nipples of male
mammals, the rudiments of a pelvis and hind limbs in snakes,



and wings on many flightless birds. How might these be
explained on the basis of Paley's theory, which stressed the
importance of the individual design of species? Why should God
design redundancies? Darwin's theory accounted for these with
ease and elegance.

2. Some species were known to have died out altogether. The
phenomenon of extinction had been recognized before Darwin,
and was often explained on the basis of ‘catastrophe’ theories,
such as a ‘universal flood’, as suggested by the biblical account of
Noah. Darwin's theory offered a neater account of the
phenomenon.

3. Darwin's research voyage on the Beagle had persuaded him of
the uneven geographical distribution of life forms throughout
the world. In particular, Darwin was impressed by the
peculiarities of island populations, such as the finches of the
Galapagos Islands. Once more, Paley's doctrine of special
creation could account for this, yet in a manner that seemed
forced and unpersuasive. Darwin's theory offered a much more
plausible account of the emergence of these specific populations.

4. Various forms of certain living creatures seemed to be adapted
to their specific needs. Darwin held that these could best be
explained by their emergence and selection in response to
evolutionary pressures. Paley's theory of special creation
proposed that these creatures were individually designed by God
with those specific needs in mind.

As noted, all these aspects of the natural order could be explained on
the basis of William Paley's theory. Yet the explanations that Paley
and his followers offered seemed cumbersome and contrived. What
was originally a relatively neat and elegant theory began to crumble
under the weight of accumulated difficulties and tensions. Darwin
believed that there had to be a better explanation, which would
account for these observations more satisfactorily than the
alternatives which were then available.

Darwin was quite clear that his theory of natural selection was not
the only possible explanation of the biological data. He did, however,
believe that it possessed greater explanatory power than its rivals,



such as the doctrine of independent acts of special creation. ‘Light
has been shown on several facts, which on the belief of independent
acts of creation are utterly obscure.’ Darwin's theory had many
weaknesses and loose ends. Nevertheless, he was convinced that
these were difficulties which could be tolerated on account of the
clear explanatory superiority of his approach. Yet even though
Darwin did not believe that he had adequately dealt with all the
problems which required resolution, he was confident that his
explanation was the best available. In the sixth edition of the Origin
of Species, he responded to some theoretical objections to his
approach as follows.

It can hardly be supposed that a false theory would explain, in so
satisfactory a manner as does the theory of natural selection, the
several large classes of facts above specified. It has recently been
objected that this is an unsafe method of arguing; but it is a
method used in judging the common events of life, and has often
been used by the greatest natural philosophers.

While recognizing that his theory of natural selection lacked rigorous
proof, Darwin clearly believed that it could be defended on the basis
of criteria of acceptance and justification that were already widely
used in the natural sciences, and that its explanatory capacity was
itself a reliable guide to its truth.

Theory Choice and Religion
So are there parallels within religion to these questions about theory
choice? In recent years, Christian philosophers and apologists have
become increasingly interested in inductive approaches to the
rationality of faith, especially in relation to the question of the
existence of God. The philosopher Richard Swinburne, for example,
argued that the existence of God is to be seen as the best explanation
of what is observed within the world, when seen as part of a larger
cumulative case. For Swinburne, the existence of the universe can be
made comprehensible if we suppose that it is brought about by God.

Swinburne sets his approach within a wider framework, grounded in
the core belief that the existence of a universe needs explaining,
rather than merely being accepted as a ‘brute fact’ (Bertrand



Russell). For Russell, there can be no further explanation for its
existence or its fundamental features other than the statement ‘it is
there’. So what are the possible explanations, and which of them is
the best? Swinburne suggests that there are basically two main rival
theories which need to be considered as possible explanations: the
view that science can provide a natural explanation for the existence
of this universe, or the theistic view that the universe and its
phenomena exist because of the intentional causal activity of a
personal being, known as ‘God’.

Swinburne thus sets out to identify possible explanations of the
universe, and to determine which of these is ‘best’. In making this
decision, Swinburne does not see himself as having to prove the
existence of God. His task is rather to show that the existence of God,
however unlikely this might appear as an independent hypothesis, is
better at explaining our nexus of observations and experiences than
its alternatives – such as a materialist naturalism. A priori, theism
might perhaps seem very unlikely; yet, Swinburne argues, it is far
more likely than its explanatory rivals.

So what criteria does Swinburne use in evaluating rival explanations
of the existence of the universe? In developing this kind of inductive
cosmological argument, however, Swinburne appeals to the criterion
of simplicity in deciding between competing hypotheses concerning
the existence of the universe, arguing that ‘science requires us to
postulate the simplest explanation of the data’. The simpler a theory,
the more likely it is to be right. His argument is open to challenge.
However, Swinburne's approach to the rationality of theism is an
important indication of the way in which scientific criteria of theory
choice have found their way into religious discussions.

Let us now refocus on the question of how beliefs – whether
scientific theories or religious ideas – may be verified. In what
follows, we shall look at the questions which arise with any attempt
to develop true statements about our world. In what ways can we
assess these? Two particularly significant approaches to this question
emerged during the twentieth century: verificationism, which held
that the natural sciences were capable of stating their ideas in forms
capable of being confirmed from experience, and falsificationism,
which held that the natural sciences were able to state their ideas in



such a way that defective approaches could easily be shown to be
false, even if it turned out to be rather more difficult to confirm valid
theories than verificationists had once thought.

The background to this important debate is to be found within the
Vienna Circle, one of the most significant philosophical movements
to arise in the twentieth century, which had its origins in the
Austrian capital city. We begin by considering this highly influential
movement and its impact on ‘Logical Positivism’.

Verification: Logical Positivism
The ‘Vienna Circle’ is generally regarded as the group of
philosophers, physicists, mathematicians, sociologists, and
economists who gathered around the philosopher Moritz Schlick
(1882–1936) during the period 1924–1936. One of the core
statements of the group was that beliefs must be justified on the
basis of experience. This belief is grounded in the writings of David
Hume, and is clearly empirical in tone. For this reason, the members
of the group tended to place a particularly high estimation on the
methods and norms of the natural sciences (which were seen as the
most empirical of human disciplines) and a correspondingly low
estimation of metaphysics (which was seen as an attempt to
disengage with experience). Indeed, one of the more significant
achievements of the Vienna Circle was to cause the word
‘metaphysics’ to have strongly negative connotations.

For the Vienna Circle, statements which did not directly relate to the
real world were of no value. Every proposition must be capable of
being stated in a manner which relates directly to the real world of
experience. The overall programme which was proposed by the
Vienna Circle had two basic parts, as follows:

1. All meaningful statements can be reduced to, or are explicitly
defined by, statements which contain only observational terms.

2. All such reductive statements must be capable of being stated in
logical terms.

The most significant attempt to carry this programme through is to
be seen in the works of Rudolph Carnap (1891–1970), particularly



his 1928 work The Logical Construction of the World. In this work,
Carnap set out to show how the world could be derived from
experience by logical construction. It was, as he put it, an attempt at
the ‘reduction of “reality” to the “given”’, which applied the methods
of logic to statements derived from experience. The only two sources
of knowledge are thus sense perception and the analytical principles
of logic. Statements are derived from and justified on the basis of
sense perception and related to each other and their constituent
terms by logic.

Carnap set out what is now generally known as the ‘principle of
verification’. Only statements which are capable of being verified can
be considered to be meaningful. The natural sciences are thus to be
seen as privileged in any theory of knowledge. Philosophy is best
seen as a tool for clarifying what has been established on the basis of
sense perception. Philosophy, according to Carnap, consists in the
‘logical analysis of the statements and concepts of empirical science’.
Carnap thus asserted that religious statements were unscientific.
Sentences which make statements about ‘God’ or ‘the transcendent’
are meaningless, in that there is nothing that is given in human
experience that can verify them.

These views were popularized in the English language world by A. J.
Ayer (1910–1989), especially in his famous book Language, Truth
and Logic (1936). Although the Second World War interfered with
the process of its reception and evaluation, this single work is widely
regarded as setting the philosophical agenda for the two decades
following the end of the war. Ayers’ vigorous and radical application
of the verification principle held that metaphysical statements
(which included religious beliefs) were ‘meaningless’. Ayer allowed
that religious statements might provide indirect information
concerning the state of mind of the person making such a statement.
They could not, however, be considered as making meaningful
statements concerning the external world.

So how did theologians respond to this challenge? One popular
approach was the notion of ‘eschatological verification’, which was
widely discussed during the period 1955–1965. This can be regarded
as a direct response to the issues raised by the demand for
verification as a condition for meaningfulness. (The term



‘eschatological’ derives from the Greek phrase ta eschata, ‘the last
things’, and relates to issues such as the Christian hope and heaven.)
The Oxford philosopher Ian M. Crombie remarked that the
experience on the basis of which religious statements could be
verified was simply not accessible at present – but that it would be
available after death.

However, this issue has since receded in importance since the 1960s,
not least on account of an awareness of the severe limitations placed
upon the verification principle proposed by logical positivism. To
illustrate some of these difficulties, we may consider the following
statement: ‘There were six geese sitting on the front lawn of
Buckingham Palace at 5.15 p.m. on 18 June 1865.’ This statement is
clearly meaningful, in that it asserts something which could have
been verified. But we are not in a position to confirm this statement
now. A similar difficulty arises in relation to other statements
concerning the past. For someone such as Ayer, these statements
must be considered to be neither true nor false, in that they do not
relate to the external world. Yet this clearly runs contrary to our
basic intuition that such statements do make meaningful (and
potentially verifiable) affirmations.

A further issue concerned the status of unobservable theoretical
entities – such as subatomic particles – whose existence is inferred,
rather than observed. In a 1938 paper entitled ‘Procedures of
Empirical Science’, the American physicist Victor F. Lenzen (1890–
1975) argued that certain entities had to be inferred from
experimental observation, even though they could not themselves be
observed. For example, the behaviour of oil droplets in an electric
field leads one to infer the existence of electrons as negatively
charged particles of a certain mass. These electrons cannot be seen
(and hence cannot be ‘verified’) – yet their existence must be seen as
a reasonable inference from the observational evidence. Lenzen's
comments highlighted a problem with verificationism, at least in the
original forms of the verification principle.

Verificationism, then, has serious limits. It is therefore instructive to
note a rival approach that developed in response to some of the
perceived difficulties with verificationism. This rival approach is



generally known as ‘falsificationism’, and will be considered in the
following section.

Falsification: Karl Popper
The Austrian philosopher Karl Popper (1902–1994) argued that the
development of scientific knowledge was an evolutionary process in
which a number of competing conjectures, or tentative theories, are
systematically subjected to the most rigorous attempts at falsification
possible. This process of error elimination, he suggested, was
analogous to the process of natural selection in evolutionary biology.
For Popper, scientific knowledge advances through the interplay
between tentative theories (conjectures) and error elimination
(refutation).

Popper felt that the verification principle associated with the Vienna
Circle was too rigid and ended up excluding many valid scientific
statements. ‘My criticism of the verifiability criterion has always
been this: against the intention of its defenders, it did not exclude
obvious metaphysical statements; but it did exclude the most
important and interesting of all scientific statements, that is to say,
the scientific theories, the universal laws of nature.’ Yet Popper was
also convinced that verificationism was open to criticism for another
reason. It ended up by allowing a number of ‘pseudo‐sciences’, such
as psychoanalysis and astrology, to pass themselves off as being
‘scientific’ when they were nothing of the sort.

So what was wrong with psychoanalysis? Popper's criticisms of
psychoanalysis were mainly directed against the ideas of Alfred
Adler, which were influential in Vienna in that time. Adlerianism
seemed able to explain just about anything. Why is someone is
honest? The answer lies in early‐childhood events. Why is someone
dishonest? The answer lies in early‐childhood events. The Adlerians
were never wrong; indeed, they seemed incapable of being wrong
about anything, in that they were able to make any given observation
fit their theories perfectly. Everything in the world was to them
evidence for their theory; nothing seemed to count as evidence
against it.



Popper proposed the criterion of falsifiability as a way of
distinguishing real science from pseudo‐science – now generally
known as the ‘problem of demarcation’. At some point around 1920,
Popper recalls reading a popular scientific account of Einstein's
general theory of relativity. He was particularly impressed by
Einstein's precise statements of what would be required to
demonstrate that his theory was incorrect. Einstein declared that ‘if
the red shift of the spectral lines due to the gravitational potential
does not exist, then the general theory of relativity will be untenable.’
Einstein was looking for something which might falsify his theory.
For Popper, this represented a totally different attitude and outlook
from that he associated with pseudo‐sciences such as astrology.
Those committed to these ideologies simply looked for evidence
which could confirm their ideas.

While following the Vienna Circle in insisting that a theoretical
system must be capable of being tested against observation of the
world, Popper argued that scientific theories had to be formulated in
such a way that they could be shown to be wrong. There was a need
for a ‘criterion of demarcation’ between the genuine natural sciences
and those which claimed a scientific status for what was essentially a
pseudo‐science.

I shall certainly admit a system as empirical or scientific only if it
is capable of being tested by experience. These considerations
suggest that not the verifiability but the falsifiability of a system
is to be taken as the criterion of demarcation …. It must be
possible for an empirical scientific system to be refuted by
experience.

Where logical positivism stressed the need for stating the conditions
under which a theoretical statement could be verified, Popper held
that the emphasis must fall upon being able to state the conditions
under which the system could be falsified.

Popper's approach had considerable influence within the philosophy
of religion during the 1950s and 1960s and is especially linked with
what has come to be known as the ‘falsification’ debate. In his
influential 1950 essay ‘Theology and Falsification’, the philosopher
Anthony Flew argued that religious statements cannot be regarded as
meaningful, in that nothing drawn from experience can be regarded



as falsifying them. Yet this debate has now faded, as the difficulties
associated with Popper's approach have become clearer. Popper's
attempt to set up a meaningful falsification criterion turns out to be
rather more difficult than he had hoped.

Popper argued that experiments could falsify a theory. However, the
French philosopher of science Pierre Duhem had earlier argued that
it was, as a matter of fact, impossible to devise a ‘critical experiment’,
in that there would always be a significant degree of uncertainty as to
whether the experiment required a theory to be abandoned in its
totality, or whether the difficulty lay in only one of its hypotheses, or
even an auxiliary hypothesis, which was not of fundamental
importance to the theory itself. Popper's approach appeared to
ignore the strongly theory‐laden nature of experimental observation,
which rendered his critique considerably less potent than he might
have hoped.

So what is meant by the assertion that observation is ‘theory‐laden’?
The basic idea is that we see and interpret the world through pre‐
existing mental maps which are brought into play as we observe the
world. We think we are seeing the world as it actually is, without
realizing that we are actually looking at it – and making sense of it –
through a kind of mental map that tells us what we are seeing. The
process of observation is at the same time a process of
interpretation. The great nineteenth‐century philosopher of science
William Whewell made this point when he declared that there is ‘a
mask of theory over the whole face of nature’. Observation and
interpretation are interconnected in an inescapable circularity. ‘A
fact under one aspect is a theory under another.’ For this reason, the
distinction between the ‘factual’ and ‘theoretical’ was problematic, in
that it rested on unacknowledged epistemological precommitments
on the part of the observer.

Whewell's idea of the ‘theory‐laden’ nature of observation has been
developed more recently by N. R. Hanson, who insisted that we do
not merely ‘see’ nature; we understand it in a certain way, seeing it
as something. The allegedly ‘objective’ process of observation is not
neutral and unbiased, but is in reality a theory‐laden process which
involves the observer using implicit conceptual schemas, even
though these are open to challenge and change. When we observe



nature we are wearing a set of theoretical ‘spectacles’, an implicit set
of assumptions or expectations which create a degree of perceptual
bias, and thus we tend to overlook or disregard evidence because it
does not fit with our existing mental schemes.

For example, it is now known that many observations of the planet
Uranus were made before its ‘discovery’ by William Herschel in 1781;
while Uranus was indeed ‘seen’ by earlier observers, its true status as
a planet was not recognized. It was not seen as a new planet, but was
simply seen as yet another star. Its low magnitude (Uranus is only
just visible to the naked eye) and its slow period of rotation around
the sun meant that it was never recognized as a planet until Herschel
noticed its distinct planetary disc using a new telescope with
considerable light‐gathering power.

This brings us back to Duhem, who noted that any theory that is
proposed to make sense of observations will be made up of a number
of hypotheses, some of which may be of central importance, others of
which are subsidiary. Duhem's point is that a theory consists of a
complex network of interlocking hypotheses, some of which were
central and others of which were peripheral. So, if something which
is predicted by the theory does not correspond with experimentation,
which of the assumptions is wrong? A central hypothesis? If so, the
theory would have to be abandoned. Or one of the peripheral
assumptions? If so, the theory simply needs modification.

According to Duhem, the physicist simply is not in a position to
submit an isolated hypothesis to experimental test. An experiment in
physics can never condemn an isolated hypothesis but only indicate
that there is a problem with a group of hypotheses. The physicist
cannot subject an individual hypothesis within this group to an
experimental test, in that the experiment can only indicate that one
hypothesis within a larger group of hypotheses requires revision. The
experiment tests a group of hypotheses, and does not itself indicate
which of the hypotheses requires modification. Duhem argued that
the notion of a ‘crucial experiment’ needed to be treated with
considerable caution.

Consider a well‐known historical case study. Following the discovery
of the planet Uranus in March 1781, it was found that the observed
motion of the new planet was not what was predicted by Newtonian



mechanics. Popper thus concluded that this had to be seen as a clear
case of the falsification of Newton's gravitational theory by
observation. Others at the time, however, held that this observation
called for the modification, not the rejection, of Newton's theory. It
was assumed that no planets lay beyond Uranus. But what if there
was a planet beyond Uranus, so that the observed orbital
perturbation of Uranus might reflect the gravitational influence of
this hypothetical trans‐Uranic planet? Calculations of the location of
this possible planet by mathematicians in England and France led to
the discovery of the trans‐Uranic planet Neptune in 1846. Popper's
approach was unable to account for the well‐known and widely
accepted scientific practice of theory modification in response to
observations.

Yet this raises another question, of considerable interest in itself and
to the general field of science and religion. How does the scientific
community decide that an existing theory is inadequate, and needs
modification – or possibly rejection – in favour of an alternative? In
the next section, we shall consider the relevance of the views of the
American philosopher of science Thomas S. Kuhn for these
important questions.

Theory Change in Science: Thomas S. Kuhn
In his The Structure of Scientific Revolutions (1962), Thomas S.
Kuhn (1922–1996) argued that the prevailing view of the nature of
scientific progress was that radically new theories arise gradually
through verification or falsification. This ‘gradual progress’ model is
found in many works, including Karl Popper's Logic of Scientific
Discovery. Kuhn disagreed, arguing that the historical evidence
suggested that the transition from one scientific ‘paradigm’ to
another is not gradual, but rather takes the form of periods of
relative theoretical stability with occasional radical shifts in
understanding, which he termed ‘paradigm shifts’.

On the basis of his historical studies of the development of the
natural sciences, Kuhn argued that a given paradigm comes to be
accepted as normative on account of its past explanatory success.
Once a given paradigm has been accepted, a period of what Kuhn
terms ‘normal science’ follows. During this period, the paradigm



which resulted from this earlier success is treated as unproblematic
and is generally unchallenged. Empirical evidence that seems to be
inconsistent with this paradigm is either treated as an anomaly or
seen as something that can be accommodated within this existing
approach. This evidence may pose difficulties for the prevailing
paradigm but is not seen as requiring the paradigm to be abandoned.
The anomaly is regarded as something for which a solution is
anticipated within the context of that paradigm, even if at present the
precise nature of that solution remains unclear. Ad hoc modifications
are proposed to the existing paradigm – as in the case of Ptolemaic
astronomy, in which disparity between theory and observation could
be accounted for through the addition of additional epicycles to the
system.

But what happens if a series of anomalies build up and achieve a
cumulative force which calls the paradigm into question? Or if a
single anomaly is recognized as being of such significance that the
challenge which it poses can no longer be overlooked? Kuhn argues
that, in such situations, a crisis emerges within the paradigm.
Sections of the scientific community realize that the paradigm is at
breaking point, and that something new and more satisfying needs to
be found. A ‘scientific revolution’ takes place when the scientific
community realizes that a tipping point has been reached, and that
the old model must be abandoned in favour of something new.

Kuhn contrasts this revolutionary approach with an essentially
evolutionary model, where the latter sees a steady progression in
scientific understanding through a gradual accumulation of data and
understanding. Where other historians of science spoke of ‘scientific
progress’, Kuhn preferred the imagery of a revolution, in which a
major change in assumptions took place over a short period of time.
Kuhn argued that a complex network of issues lie behind the decision
to abandon one paradigm and accept another, and that these cannot
be explained solely on the basis of scientific considerations. Highly
subjective issues are involved. Kuhn compares a ‘paradigm shift’ to a
‘conversion’. The adoption of a new paradigm is accompanied by a
sudden and intuitive alteration of perception such as a ‘gestalt
switch’ – a popular psychological image of the late 1950s. Kuhn
remarks that ‘no ordinary sense of the term “interpretation” fits
these flashes of intuition through which a new paradigm is born.’



At this point, we should note that Kuhn's use of the term ‘paradigm’
is not entirely consistent. He uses the term in two broad senses.
Generally, the term refers to the broad group of common
assumptions which unites a particular group of scientists. Yet it can
sometimes be used in a more specific and restricted sense to refer to
a past scientific explanatory success, which seems to offer a
framework which can be treated as normative, and is hence treated
as exemplary or normative thereafter – until something finally
causes that paradigm to be abandoned.

Kuhn's emphasis on the subjective reasons for paradigm shifts has
led some of his critics to suggest that his account of scientific
development rests on little more than ‘mob psychology’. This is
probably rather unfair. Kuhn has simply noted the sociological
aspects of opinion change within scientific communities.

The transition between competing paradigms cannot be made one
step at a time, forced by logic and neutral experience …. It must
occur all at once (though not necessarily in an instant) or not at all
…. In these matters neither proof nor error is at issue. The transfer
of allegiance from paradigm to paradigm is a conversion
experience that cannot be forced.

A new theory thus allows us to observe things in a new way,
displacing an older way of interpreting and envisaging the world.
Kuhn thus highlights the ‘theory‐laden’ nature of observation, and
points out its implications for the transition from Ptolemaic to
Copernican theories of the solar system.

Before it occurred, the sun and moon were planets, the earth was
not. After it, the earth was a planet, like Mars and Jupiter; the sun
was a star; and the moon was a new sort of body, a satellite.

Kuhn's point is that the phenomena were unchanged; they were,
however, interpreted in a new way, in that the sun was now seen as a
star. Observation is thus not a neutral process, but is shaped by
assumptions, explicit or implicit, about what is being observed.
Observation is about seeing as, not just seeing. One observer might
see the sun rise and set; another might see the earth turning on its
axis, leading to the apparent motion of the sun across the heavens.
Both, however, are looking at the same natural phenomenon.



Kuhn's analysis has importance for religious belief, and two of his
central themes may be explored to illustrate his relevance. First,
Kuhn's concept of ‘paradigm shifts’ is helpful in attempting to
understand the major intellectual shifts which have taken place in
the history of religious thought. As we have noted, religious thinking
is influenced, at least to some extent, by the cultural and
philosophical presuppositions of the day. Radical shifts in these
background assumptions can thus be of major importance, as the
development of Christian theology has demonstrated. The
Reformation and the Enlightenment are epochs in Christian thought
which can be seen as representing ‘paradigm shifts’ in an
understanding of how theology should be done. Existing
understandings of background presuppositions, norms, and methods
are often radically altered – and occasionally abandoned altogether –
in the transition from one paradigm to another.

A good example of such a radical change in a theological paradigm
can be seen in the late twentieth‐century discussion of the question
of whether God suffers. Throughout the early Christian era and
Middle Ages, it was generally assumed that God could not suffer.
There are examples of writers who speak of God suffering; these,
however, are few and far between. Jesus Christ suffered on the cross;
yet this suffering was held to be something that related to Christ's
human, but not his divine, nature. God knew about human beings
experiencing suffering, and was sympathetic to their pain. Yet God
was seen as being above suffering. The reasons for this theological
consensus remain unclear. Some scholars see this as an expression of
a philosophical view of the perfection of God. Philo of Alexandria
vigorously defended the impassibility of God: ‘What greater impiety
could there be than to suppose that the Unchangeable changes?’

This consensus was shattered in the 1970s, apparently in response to
a growing belief that the levels of suffering in the twentieth century
made it apologetically impossible to treat God as being above or
beyond suffering. In A Theology of the Pain of God (1946), the
Japanese writer Kazoh Kitamori argued that God's love was rooted in
the pain of the world. In his Crucified God (1972), Jürgen Moltmann
argued that a God who cannot suffer is a deficient, not a perfect, God.
Stressing that God cannot be forced to change or undergo suffering,
Moltmann declares that God willed to suffer. The suffering of God is



the direct consequence of God's decision to suffer and willingness to
suffer. The nature of love is such that it involves the lover
participating in the sufferings of the beloved. Such was Moltmann's
influence that a tipping point was reached within western
Protestantism. A ‘new orthodoxy’ emerged, holding that God
suffered. Others, however, were resistant to the idea of a suffering
God, seeing this as both unnecessary and improper.

One final point must be made in assessing Kuhn's approach to
‘scientific revolutions’. What explanation may be offered for progress
in scientific theorizing, as opposed to change in scientific theorizing?
The term ‘progress’ clearly implies a judgement – that these changes
are for the better. So does a scientific revolution necessarily lead to a
better grasp of the truth about nature? Kuhn rejects realism as an
explanation of the successes of scientific research, and thus does not
see an increasing convergence between ‘theory’ and ‘reality’ as an
explanation of scientific progress. Kuhn argues that nothing is lost in
rejecting a realist account of scientific development. Yet how can we
meaningfully talk about scientific ‘progress’, unless there is some
means of knowing that science is proceeding in the right direction,
rather than taking a false turn which will need to be corrected in
future? It seems clear there is need for further discussion at this
point.

This chapter has considered some areas of potential engagement and
interaction between religion and the philosophy of science. So what
about traffic in the other direction? In Chapter 4 we shall move on to
consider some areas of potential engagement and interaction
between the natural sciences and the philosophy of religion.
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Chapter 4 
Science and the Philosophy of
Religion
In the previous chapter, we explored some leading themes of the
philosophy of science and considered their relevance to the
discussion of religious questions. The present chapter develops this
approach further, by examining the way in which the insights of the
natural sciences might have implications for – or at least the
potential to contribute to discussions within – the philosophy of
religion.

The field of ‘philosophy of religion’ is generally understood to refer to
the philosophical examination of the basic themes and concepts
associated with religious traditions such as Christianity, while also
including the broader philosophical task of reflecting on matters of
religious importance, such as the relation of God and evil, the nature
of religious language, the use of analogies in religion, and the
assessment of alternatives to religion, such as secular naturalism.
The philosophy of religion is a very rich subject, and for our purposes
in this chapter we shall focus on one of its most important themes –
philosophical arguments for the existence of God. In what way do the
insights of the natural sciences affect such arguments? As a reading
of the literature makes clear, recent discussions of arguments for
God's existence make extensive reference to scientific
understandings of the world.

In Chapter 5, we shall consider a second broad area which mingles
themes characteristic of the philosophy of science and the philosophy
of religion – the use of models or analogies to visualize or interpret
complex or unobservable entitles in both science and religion.

In this chapter, we shall consider some of the lines of argument
relating to the existence of God that have been developed within the
philosophy of religion, and then focus specifically on the arguments
which are particularly affected by the natural sciences. We shall
therefore begin our analysis by turning to deal with some of the



classic arguments for the existence of God, to allow the reader to gain
something of an understanding of the types of approach which are
widely discussed within this field of study.

Science, Religion, and Proofs for God's
Existence
One of the most interesting issues in science and religion concerns
the nature of ‘proofs’ of theories – whether the theory in question is
Einstein's theory of relativity, or the Christian affirmation of the
existence of God. When I first began to study science as a teenager,
back in the 1960s, I was encouraged to think that science proved its
findings with total conviction. The chemical composition of water,
for example, could be proved to be H2O. It is a commonplace for
those committed to the outdated ‘warfare’ model of the relation of
science and religion to contrast them at this point. Science and
religion are often placed at opposite ends of the scale on the question
of evidence.

Richard Dawkins, a vigorous – though not, it has to be said, a
particularly well informed – advocate of this approach, argues that
science proves its core convictions by an appeal to experimental or
observational evidence, whereas religion refuses to offer any rational
or evidential support for its beliefs. More philosophically informed
scientists, however, take a very different view. Max Planck, the father
of quantum theory, was quite clear that faith played a critical role in
the natural sciences, arguing that an unproven belief in the
fundamental unity of phenomena provides both a motivation and
justification for the scientific enterprise. It is not something that can
be proved, but which nevertheless seems to provide a working basis
for the scientific project. For Planck, the scientist thus has faith in an
unseen order of things and finds this both justified and reflected in
the success of the sciences.

Anybody who has been seriously engaged in scientific work of any
kind realizes that over the entrance to the gates of the temple of
science are written the words: ‘You must have faith.’ It is a quality
which the scientists cannot dispense with.



A similar point was made by Thomas H. Huxley, widely known as
‘Darwin's Bulldog’ on account of his tenacious defence of Darwin's
ideas. In 1885, Huxley declared that ‘science … commits suicide
when it adopts a creed.’ Science, when at its best and most authentic,
has no creed or ideology, whether religious or anti‐religious. Its
public standing would be risked if it was contaminated by religious
or anti‐religious agendas. While science may not have a creed,
Huxley insisted that it has one, and only one, article of faith.

The one act of faith in the convert to science is the confession of
the universality of order and of the absolute validity in all times
and under all circumstances, of the law of causation. This
confession is an act of faith, because, by the nature of the case, the
truth of such propositions is not susceptible of proof.

Huxley has clearly appreciated that the practice of science rests on an
unproven (and unprovable) belief. It is a belief which is arguably
reinforced through the outcomes of the scientific process – but it
remains what the psychologist William James called an unproved
‘working hypothesis’.

Earlier in this work, we considered the place of explanation in the
natural sciences and Christian theology (65–84). In the case of the
natural sciences, the question is how to make sense of an
accumulation of observations of the natural world. What ‘big picture’
makes most sense out of these observations? As we saw in Chapter 3,
this usually involves the process of ‘inference to the best
explanation’. Yet this is always understood to be a provisional
assessment, which is open to review and revision as evidence
accumulates and reflection proceeds. On the basis of the evidence
available to us today, we might accept this scientific theory; on the
basis of new evidence or revised interpretations of old evidence that
we acquire tomorrow, we might accept a quite different scientific
theory.

As Michael Polanyi, a chemist and noted philosopher of science
pointed out, natural scientists find themselves having to believe
some things that they know will later be shown to be wrong – but not
being sure which of their present beliefs would turn out to be
erroneous.



Scientific theorizing offers what is believed to be the best account of
the experimental observations currently available. Radical theory
change takes place either when it is believed that there is a better
explanation of what is currently known, or when new information
comes to light which forces us to see what is presently known in a
new light. Unless we know the future, it is impossible to take an
absolute position on the question of whether any given theory is
‘right’. We do not – and cannot – know which of today's theories will
be discarded as interesting failures by future generations. Yet this
does not prevent scientists from committing themselves to a given
theory, believing that it is right (while knowing it may prove to be
inadequate or wrong in the longer term).

This emphasis on the provisionality of scientific theories severely
undermines the outdated positivism that often accompanies the
‘warfare’ model of the relation of science and religion. Where the
positivist declares that ‘science has proved this to be true’, wiser and
more reflective scientists would prefer to state that: ‘There is a broad
consensus within the scientific community that this is correct, but
this will probably shift as and when more evidence accumulates.’
This is not in any way a criticism of the natural sciences. It is simply
a recognition of how the scientific method works. Historians of
science regularly point to a group of theories which were held to
represent scientific orthodoxy in their age and are now regarded as
clearly incorrect.

To explore the importance of this point, let us ask a question: is
Darwin's theory of evolution correct? The best answer to this
question would be that Darwin's theory, as modified by his
successors, is currently believed to be the best explanation of a vast
body of biological data. Yet as more and more data builds up, what
Thomas Kuhn called a ‘paradigm shift’ may take place, involving a
radical theory shift away from Darwinism towards some new theory,
at present unknown. Richard Dawkins, an enthusiastic advocate of
Darwinism, is quite clear about this point:

Darwin may be triumphant at the end of the twentieth century,
but we must acknowledge the possibility that new facts may come
to light which will force our successors of the twenty‐first century
to abandon Darwinism or modify it beyond recognition.



So what about religious beliefs? There are three interesting questions
that should be noted here:

1. whether belief in God can be demonstrated to be true, in a way
similar to the way in which a scientific theory can be confirmed;

2. what role the natural sciences play in a discussion of the
rationality of religious belief in general, and belief in God in
particular; and

3. what role the natural sciences play in atheist arguments against
the existence of God – such as those now generally known as
‘evolutionary debunking arguments’.

We shall consider these questions in this chapter, beginning with
Thomas Aquinas's classical arguments for the existence of God,
generally known as the ‘Five Ways’.

Traditional Philosophical Arguments for the
Existence of God
The most widely discussed philosophical arguments for the existence
of God were developed by Anselm of Canterbury and Thomas
Aquinas during the Middle Ages. Anselm's ‘ontological argument’ is
of considerable interest to philosophers of religion, but its non‐
empirical character means that it has little place in any discussion of
the natural sciences. In marked contrast, Aquinas's ‘Five Ways’ are
directly grounded in an engagement with empirical reality, and thus
connect well with scientific inquiry. We shall consider these
arguments in what follows.

In some textbooks, the ‘Five Ways’ are described as ‘proofs’ of the
existence of God. This is an overstatement. In many ways, these
traditional arguments are best seen as a demonstration of the
internal rationality of religious belief. Aquinas's approach is of
especial interest on account of the explicit connection he proposes
between the existence of God and the human capacity to make sense
of our world. More recent statements of these arguments have
generally taken three forms:



1. Arguing that it is more rational to believe that God exists than it
is to deny that God exists.

2. Arguing that it is more rational to believe that God exists than to
be agnostic on the existence of God.

3. Arguing that it is as rational to believe in God as it is to believe
in many of the things that atheist philosophers often believe in
(such as the existence of ‘other minds’ or the objectivity of moral
right and wrong).

In what follows, we shall consider the classical forms of these
arguments, and some of their more recent forms.

Thomas Aquinas's Five Ways
Thomas Aquinas (c. 1225–1274) is probably the most famous and
influential theologian of the Middle Ages. Born in Italy, he achieved
his fame through his teaching and writing at the University of Paris
and other northern universities. His fame rests chiefly on his Summa
Theologiae, which was composed towards the end of his life and
remained unfinished at the time of his death. However, he also wrote
many other significant works, particularly the Summa contra
Gentiles, which represents a major statement of the rationality of the
Christian faith, and especially the existence of God. Aquinas believed
that it was entirely proper to identify pointers towards the existence
of God, drawn from general human experience of the world.

For Aquinas's purposes in demonstrating the rationality of theistic
belief, God is treated primarily as an explanatory agent whose
existence and nature provides a retrospective explanation of various
aspects of our experience of the world and ourselves as God's
creatures – such as the ordering of the world, or our sense of
goodness or beauty in response to nature. Aquinas regards it as
unacceptable simply to affirm the brute reality of the existence of our
world and its specific characteristics. He clearly believes that it is
both reasonable and appropriate to look for an explanation of why
this world exists in the first place, and why it has the distinct
characteristics that we observe within its processes and structures in
the second. The universe needs to be explained in terms of a
relationship with something other than itself – that is, with God.



Aquinas's ‘Five Ways’ represent five lines of argument in support of
the existence of God, each of which draws on some aspect of the
world which ‘points’ to the existence of its creator. So what kind of
pointers does Aquinas identify? The basic line of thought guiding
Aquinas is that the world mirrors God, as its creator – an idea which
is given more formal expression in his doctrine of the ‘analogy of
being’. Just as an artist might sign a painting to identify it as his
handiwork, so God has stamped a divine ‘signature’ upon the
creation. What we observe in the world (for example, its signs of
ordering) can best be explained on the basis of the existence of God
as its creator. God is thus to be seen as both its first cause and its
designer, bringing the world into existence and impressing
something of the divine image and likeness upon it.

So where might we look in creation to find evidence for the existence
of God? Aquinas argues that the ordering of the world is the most
convincing evidence of God's existence and wisdom. This basic
assumption underlies each of the ‘Five Ways’, although it is of
particular importance in the case of the argument often referred to as
the ‘argument from design’ or the ‘teleological argument’. We shall
consider each of these ‘ways’ individually, before focusing on two of
them later in this chapter.

The first way begins from the observation that things in the world
are in motion or change. The world is not static, but is dynamic.
Examples of this are easy to list. Rain falls from the sky. Stones roll
down valleys. The earth revolves around the sun (a fact, incidentally,
unknown to Aquinas). The first of Aquinas's arguments is normally
referred to as the ‘argument from motion’. The Latin term motus,
often translated as ‘motion’, has a wider sense than this suggests, so
that the translation ‘change’ is more appropriate at points.

So how did nature come to be in motion? Why is it changing? Why
isn’t it static? Aquinas argues that everything which moves is moved
by something else. For every motion, there is a cause. Things don’t
just move – they are moved by something else. Now each cause of
motion must itself have a cause. And that cause must have a cause as
well. Aquinas thus argues that there are a whole series of causes of
motion lying behind the world as we know it. Now unless there is an
infinite number of these causes, Aquinas argues, there must be a



single cause right at the origin of the series. From this original cause
of motion, all other motion is ultimately derived. This is the origin of
the great chain of causality which we see reflected in the way the
world behaves. From the fact that things are in motion, Aquinas thus
argues for the existence of a single original cause of all this motion –
and this, he concludes, is God.

In more recent times, this argument has been restated in more
explicitly cosmological terms. The most commonly encountered
statement of the argument takes the following form:

1. Everything within the universe depends on something else for
its existence.

2. What is true of its individual parts is also true of the universe
itself.

3. The universe thus depends on something else for its existence
for as long as it has existed or will exist.

4. The universe thus depends on God for its existence.

The argument basically assumes that the existence of the universe is
something that requires explanation. It will be clear that this type of
argument relates directly to modern cosmological research,
particularly the ‘big bang’ theory of the origins of the cosmos.

The second way begins from the idea of efficient causation. Aquinas
notes that we observe an order of efficient causes within what we see
around us. However, we do not observe, and cannot expect to
observe, anything that is the efficient cause of itself. Since it is not
possible that there should be an infinite series of efficient causes, it is
reasonable to suppose that there is some prime efficient cause
(prima causa efficiens), which is what everyone calls ‘God’.

The third way concerns the existence of contingent beings. In other
words, the world contains beings (such as human beings) which are
not there as a matter of necessity. Aquinas contrasts this type of
being with a necessary being (one who is there as a matter of
necessity). Whilst God is a necessary being, Aquinas argues that
humans are contingent beings. The fact that we are here needs
explanation. Why are we here? What happened to bring us into



existence? Aquinas argues that a being comes into existence because
something which already exists causes it to exist. In other words, our
existence is caused by another being. We are the outcome of a causal
series. Tracing this series back to its origin, Aquinas declares that
this original cause of being can only be someone whose existence is
necessary – in other words, God.

The fourth way begins from human values, such as truth, goodness,
and nobility. Where do these values come from? What causes them?
Aquinas argues that there must be something which is true, good,
and noble itself, and that this brings into being our ideas of truth,
goodness, and nobility. The origin of these ideas, Aquinas suggests, is
God, who is their original cause.

The fifth and final way is the teleological argument itself, or the
‘argument from design’. This is among the most widely discussed of
the philosophical arguments for the existence of God. Thomas
Aquinas frames the argument in terms of apparent design within the
natural order. Things do not simply exist; they appear to have been
designed with some form of purpose in mind. The term ‘teleological’
(meaning ‘directed towards a goal’) is widely used to indicate this
apparently goal‐directed aspect of nature. This leads Aquinas to
conclude that there exists ‘an intelligent being by whom all natural
things are directed to their end’ – in other words, God.

Aquinas's five arguments show a similar structure. Each depends on
tracing a causal sequence back to its single origin and identifying this
with God. A number of criticisms of the ‘Five Ways’ were made by
Aquinas's critics during the Middle Ages, such as Duns Scotus and
William of Ockham. The three following criticisms are especially
important.

1. Why is the idea of an infinite regression of causes impossible?
For example, the argument from motion only really works if it
can be shown that the sequence of cause and effect stops
somewhere. There has to be, according to Aquinas, a Prime
Unmoved Mover. But he fails to demonstrate this point, holding
that an infinite regression of causes is counterintuitive.

2. Why do these arguments lead to belief in only one God? The
argument from motion, for example, could lead to belief in a



number of Prime Unmoved Movers. There seems to be no
especially pressing reason for insisting that there can only be
one such cause, except for the fundamental Christian insistence
that, as a matter of fact, there is only one such God.

3. These arguments do not demonstrate that God continues to
exist. Having caused things to happen, God might cease to exist.
The continuing existence of events does not necessarily imply
the continuing existence of their originator. Aquinas's
arguments, Ockham suggests, might lead to a belief that God
existed once upon a time –‐ but not necessarily now. Ockham
developed a somewhat complex argument to work around this
difficulty, based on the idea of God continuing to sustain the
universe.

The Kalam Argument
The argument which is now generally known as the ‘kalam’ argument
derives its name from an Arabic school of philosophy which
flourished in the early Middle Ages. The basic structure of the
argument can be set out as four propositions:

1. Everything which has a beginning must have a cause.

2. The universe began to exist.

3. Therefore the beginning of the existence of the universe must
have been caused by something.

4. The only such cause can be God.

Although some scholars regard this as a variant of the cosmological
argument, already set out above, others regard it has having certain
distinct features, meriting its treatment in its own right.

The structure of the argument is clear. If the existence of something
can be said to have begun, it follows – so it is argued – that it must
have a cause. This type of argument is easily linked to the modern
scientific idea of a ‘big bang’. Modern cosmology strongly suggests
that the universe had a beginning. If the universe began to exist at a
certain time, it must have had a cause. And what cause could there
be other than God? Although this argument was developed during



the Middle Ages, the scientific consensus of that age was that the
universe did not have a beginning – in other words, that the second
premise of the argument, as set out above, is invalid. The
cosmological paradigm shift that led to scientific acceptance of the
‘big bang’ now means that the argument's second premise chimes in
with the prevailing scientific consensus of the twenty‐first century,
thus giving a new scientific plausibility to this approach.

This form of the kalam argument has been widely debated in recent
years. One of its most significant defenders has been William Lane
Craig, who sets out its main features as follows:

Since everything that begins to exist has a cause of its existence,
and since the universe began to exist, we conclude, therefore, the
universe has a cause of its existence …. Transcending the entire
universe there exists a cause which has brought the universe into
being.

Debate over the argument has centred on three questions, one of
which is scientific and the other two of which are philosophical.

1. Can something have a beginning without being caused? In one
of his dialogues, the Scottish philosopher David Hume argued
that it is possible to conceive of something that comes into
being, without necessarily pointing to some definite cause of
that existence. Nevertheless, this suggestion raises considerable
difficulties, and it is not clear how significant this objection
really is.

2. Can we speak of the universe having a beginning? It must be
remembered that the scientific consensus of the Middle Ages,
which prevailed until the early twentieth century, was that the
universe has always been in existence. In asserting that the
universe had a beginning, medieval religious writers – whether
Christian, Jewish, or Islamic – were swimming against the
mainstream scientific consensus of their age. The situation has,
of course, changed since the radical shifts in scientific cosmology
of the late twentieth century, which are now understood to mean
that the universe has a beginning.



3. If the universe can be considered to have been ‘caused’, must
this cause be directly identified with God? A cause must be prior
to the event which it causes. To speak of a cause for the
beginning of the existence of the universe is thus to speak of
something which existed before the universe. And if this is not
God, what is it?

It will be clear that the traditional kalam argument has been given a
new lease of life by the movement away from the idea of an eternal
universe to the more recent theory of the origins of the universe in
the ‘big bang’. The philosophical issues which are raised are,
however, likely to remain the subject of lively critical discussion.

A Case Study: William Paley's Biological
Argument from Design
It is widely agreed that the most significant popular contribution to
the ‘argument from design’ is due to William Paley. His Natural
Theology; or Evidences of the Existence and Attributes of the Deity,
Collected from the Appearances of Nature (1802) had a profound
influence on popular English religious thought in the first half of the
nineteenth century, and is known to have been read by Charles
Darwin. Paley was deeply impressed by Newton's discovery of the
regularity of nature, especially in relation to the area usually known
as ‘celestial mechanics’. It was clear that the entire universe could be
thought of as a complex mechanism, operating according to regular
and understandable principles.

For some deist writers, this suggested that God was no longer
necessary. A mechanism could operate perfectly well without the
need for its creator to be present all the time. One of Paley's
significant achievements, which has not been fully recognized in the
scholarly literature, was to rehabilitate the idea of the ‘world as a
mechanism’ within a Christian perspective. Paley managed to
transform the ‘clockwork’ metaphor from an image associated with
skepticism and atheism to one associated with a clear affirmation of
the existence of God. Where scientific advance seemed to lead to
atheism in France, as the works of Laplace indicated, Paley
established a context within which scientific advance was



accommodated within the ample girth of a suitably generous natural
theology. Paley's vision for natural theology offered a significant
degree of religious and political stability at a time when many feared
both internal and external insecurity. It pointed to the fixed laws of
science having counterparts in fixed laws of society, both of which
were grounded in the divine nature.

For Paley, the Newtonian image of the world as a mechanism
immediately suggested the metaphor of a clock or watch, raising the
question of who constructed the intricate mechanism which was so
evidently displayed in the functioning of the world. One of Paley's
most significant arguments is that mechanism implies ‘contrivance’.
Writing against the backdrop of the emerging Industrial Revolution
in England, dating from about 1760 to 1840, Paley sought to exploit
the apologetic potential of the growing interest in machinery – such
as ‘watches, telescopes, stocking‐mills, and steam engines’ – within
England's literate classes.

The general lines of Paley's approach are well known. By the opening
of the nineteenth century, England was experiencing the Industrial
Revolution, in which machinery was coming to play an increasingly
important role. Paley argues that only a fool would suggest that such
complex mechanical technology came into being by purposeless
chance. Mechanism presupposes contrivance – by which Paley
means that it has been designed for a purpose and intelligently
constructed. Both the human body in particular, and the world in
general, could be seen as mechanisms which had been designed and
constructed in such a manner as to achieve harmony of both means
and ends. It must be stressed that Paley is not suggesting that there
is simply an analogy between human mechanical devices and the
natural world – in other words, that nature is like a machine. At
some points, the force of his argument rests rather on his assertion
that nature is a mechanism, and hence was intelligently designed and
expertly constructed.

Paley's argument hinges around a controlling image: the biological
world is analogous to a watch. The apologetic strategy developed by
Paley rests upon establishing this vivid analogy, which possesses
sufficient imaginative potential to carry his readers along and
subvert the evidential force of objections that might be raised against



his approach. Paley's analogy of the watch may be derivative, in that
it was used by Dutch writers in the mid‐eighteenth century; the use
he makes of it, however, shows an ingenuity and creativity that
cannot be overlooked.

The opening paragraphs of Paley's Natural Theology are widely
known, along with their controlling image of a watch found in the
midst of a bleak natural habitat.

In crossing a heath, suppose I pitched my foot against a stone, and
were asked how the stone came to be there. I might possibly
answer, that for any thing I knew to the contrary it had lain there
for ever; nor would it, perhaps, be very easy to show the absurdity
of this answer. But suppose I had found a watch upon the ground,
and it should be inquired how the watch happened to be in that
place. I should hardly think of the answer which I had before
given, that for any thing I knew the watch might have always been
there. Yet why should this answer not serve for the watch as well
as for the stone; why is it not admissible in the second case as in
the first.

What distinguishes the watch from the stone? The nub of Paley's
answer can be summed up in the single word contrivance – a system
of parts that were designed and assembled to work together for a
specific purpose, demonstrating both design and utility. Paley used
the term ‘contrivance’ to convey the idea of something that is both
designed and constructed, appealing to the popular interest in
machinery characteristic of the new age of industrialization then
emerging in England.

Paley then offers a detailed description of the watch, noting in
particular its container, coiled cylindrical spring, many interlocking
wheels, and glass face. All show evidence of design for a specific
identifiable purpose. Having carried his readers along with this
careful analysis, Paley turns to draw his critically important
conclusion about the intricacy and obvious purpose of its
mechanism:



This mechanism being observed (it requires indeed an
examination of the instrument, and perhaps some previous
knowledge of the subject, to perceive and understand it; but being
once, as we have said, observed and understood), the inference we
think is inevitable, that the watch must have had a maker: that
there must have existed, at some time and at some place or other,
an artificer or artificers who formed it for the purpose which we
find it actually to answer, who comprehended its construction and
designed its use.

Paley's extended discussion of the watch is intended to establish a
framework of interpretation, capable of being transferred to other
objects that appear to show evidence of design. Paley's detailed
analysis of the watch mechanism is intended to establish that it is a
contrivance, showing evidence of being initially designed and
subsequently constructed for a specific purpose, and thus indicating
the existence of a designer. And, for Paley, those same patterns can
be discerned within the biological world.

Many Christian apologists of the early eighteenth century appealed
to the beauty and ordering of the physical world as evidence of the
existence of God. Paley shifted focus, turning his attention to the
biological world. Astronomy might indeed point towards the
magnificence and wonder of God to believers; it could not, however,
prove God's existence in the first place.

My opinion of Astronomy has always been, that it is not the best
medium through which to prove the agency of an intelligent
Creator; but that, this being proved, it shows, beyond all other
sciences, the magnificence of his operations. The mind which is
once convinced, it raises to sublimer views of the Deity than any
other subject affords; but it is not so well adapted, as some other
subjects are, to the purpose of argument.

Paley points out that observation of the planets and stars points to
their simplicity. ‘We see nothing, but bright points, luminous circles,
or the phases of spheres reflecting the light which falls upon them.’
For Paley, however, the inference of design rests upon the evidence
of complexity. ‘We deduce design from relation, aptitude, and
correspondence of parts. Some degree therefore of complexity is
necessary to render a subject fit for this species of argument.’ Paley



found that complexity in the structures of the biological world –
above all, the human eye.

Who, Paley wondered, could possibly look at the complexities of the
human eye – which he describes in attentive detail – and fail to see
that it also has a designer? The eye, he suggests, is analogous to a
telescope.

There is precisely the same proof that the eye was made for vision,
as there is that the telescope was made for assisting it. They are
made upon the same principles; both being adjusted to the laws
by which the transmission and refraction of rays of light are
regulated. … What could a mathematical‐instrument‐maker have
done more, to show his knowledge of his principle, his application
of that knowledge, his suiting of his means to his end … to testify
counsel, choice, consideration, purpose?

Having developed this analogy, Paley emphasizes the superiority of
the eye over the telescope. The eye is more ingeniously designed than
the telescope and is better adapted to cope with a wide range of
circumstances, such as differing levels of illumination, or the range
of distances of objects to be viewed. For Paley, this demands that
both the eye and telescope should be considered to be contrivances.
And since the eye is more ingenious and functional than the
telescope, the creator of this natural contrivance is worthy of greater
admiration and praise than the creator of the telescope.

Paley's essential point is that nature bears witness to a series of
biological structures which are ‘contrived’ – that is, designed and
constructed with a clear purpose in mind. ‘Every indication of
contrivance, every manifestation of design, which existed in the
watch, exists in the works of nature.’ Indeed, Paley argues, the
difference is that nature shows an even greater degree of contrivance
than the watch. Perhaps it is fair to say that Paley is at his best when
he deals with describing immensely complex natural structures, such
as the human eye or heart, treating both as machines designed with
specific purposes in mind.

So much attention is paid to Paley's opening analogy of the watch
that the later stages of his argument are often overlooked,
particularly some raised by the skeptical philosopher David Hume in



relation to earlier forms of natural theology. Hume pointed out that
such an argument from design might lead to multiple deities, or to
no deity at all. The act of creation did not imply the continued
existence of a creator. ‘A great number of men join in building a
house or ship, in rearing a city, in founding a commonwealth: why
may not several deities combine in contriving and framing a world?’
Nor need the original designer still exist, in that the watch will
continue to exist, independent of the fate of its contriver. And what
of the moral character of the designer? Hume suggested that this
world is ‘faulty and imperfect’. It could, Hume argued, have been the
first botched attempt at creation on the part of ‘some infant deity’, or
the ‘production of old age and dotage’ of some creator God who had
lapsed into an incompetent senility.

Paley deals with these concerns through a long and cumulative
argument, the later stages of which are often overlooked by his
interpreters. First, he addresses the question of whether there is only
one creator. His argument, though complex, reduces to the assertion
that there is a consistency of purpose and design within nature which
points to there being only one mind lying behind what is observed.
The constancy and universality of the laws of nature, for example,
clearly point to a single rationality expressed within the natural
world. Furthermore, Paley suggests, to speak of design immediately
implies that the designer is a person, rather than an abstract force.
But is the designer good and wise?

Paley here uses a form of argument from perfection, which had been
developed by a number of earlier writers, including Charles Darwin's
paternal grandfather, Erasmus Darwin, noted for his work
Zoönomia; or the Laws of Organic Life (1794–1796). Paley argues
that the character of a designer would be disclosed in that which is
designed. Since natural contrivances appear to have come into being
for the overall good of creatures, it is reasonably to infer that the
creator intends good for the creation – and that God is therefore
good.

Paley's argument was influential, especially at the popular level. His
fundamental argument is that nature contains biologically complex
structures that cannot be attributed to chance. Its appeal to popular
science – especially natural history – gave a new motivation for the



close and appreciative study of the natural world. Yet Paley was
dependent upon the scientific consensus of the early eighteenth
century, which held that the world was essentially static and not
subject to radical change. Paley's essentially static notion of creation
reflects a belief that there is a designed, unchanging order to things.
Charles Darwin's Origin of Species offered a very different account of
the origin of biological complexity, attributing this to the
phenomenon of natural selection, not to divine design and
construction.

Yet Paley's approach was not entirely discredited by Darwin. Many
English theologians of the 1860s and 1870s took the view that
Darwin actually rescued Paley's approach to natural theology, by
placing it on a firmer intellectual foundation through rectifying a
faulty and ultimately fatal premise. Charles Kingsley argued that the
word ‘creation’ implied a process rather than a mere event, so that
Darwin's theory actually clarified the mechanism of creation. ‘We
knew of old that God was so wise that he could make all things; but,
behold, he is so much wiser than even that, that he can make all
things make themselves.’ Where Paley thought of a static creation,
within which God seemed to play only a figurehead role, Kingsley
argued that Darwin made it possible to see creation as a dynamic,
fundamentally teleological, process, directed by divine providence.
Deism, for Kingsley, offered only a ‘chilling dream of a dead universe
ungoverned by an absent God’; Darwinism, when rightly interpreted,
offered a vision of a living universe constantly improving under the
wise direction of its benevolent creator.

Richard Dawkins argues that natural selection – the ‘blind,
unconscious, automatic process which Darwin discovered’ – removes
any grounds for speaking meaningfully about nature being
‘designed’. Dawkins allows that it is possible to speak of the
‘appearance of design’, while insisting that this semblance arises
from a purposeless natural process. Natural selection thus subverts
any argument from design. The logic of Dawkins's argument is
slightly opaque at this point. It is not clear why accepting Darwin's
account of the mechanism of evolution requires anyone to abandon
belief in goodness or purpose. In fact, the most that Dawkins can say
on the basis of an empirical approach is that there is an appearance
of absence of purpose. As the philosopher Alvin Plantinga points out,



the claim that evolution is without purpose is a ‘metaphysical or
theological addition’ to any purely scientific account of evolution.
Plantinga argues that there are various ways in which God could
have guided the evolution of life that are compatible with Darwin's
theory of evolution.

The Ambiguity of ‘Proof’: Justification in Science
and Theology
The concept of proof plays an important role in both science and
theology, generally being understood to designate arguments or
observations that offer compelling reasons for believing that a
certain theory is to be regarded as correct. The atheist biologist
Richard Dawkins provides a good example of this approach to
evidence. In the second edition of his influential work The Selfish
Gene, Dawkins proposes an absolute dichotomy between ‘blind faith’
and ‘overwhelming, publicly available evidence’:

But what, after all, is faith? It is a state of mind that leads people
to believe something – it doesn’t matter what – in the total
absence of supporting evidence. If there were good supporting
evidence, then faith would be superfluous, for the evidence would
compel us to believe it anyway.

This view of the relation of evidence and belief in the natural
sciences, while rightly recognizing the importance of identifying and
assessing evidence which might be adduced in support of a belief,
fails to make the critically important distinction between the ‘total
absence of supporting evidence’ and the ‘absence of totally
supporting evidence’.

To appreciate the importance of this point, consider the current
debate within cosmology over whether the ‘big bang’ gave rise to a
single universe, or a series of universes (the so‐called ‘multiverse’).
Many distinguished scientists support the former approach, and just
as many equally distinguished scientists support the latter. The
matter cannot at present be settled by an appeal to the available
evidence. Both are real options for thinking and informed scientists,
who make their decisions on the basis of their judgements of how
best to interpret the evidence and believe – but cannot prove – that



their interpretation is correct. To put this more technically, they
believe their position is justified, but know it cannot be proved.

A similar issue arises in relation to quantum theory. Which model is
right? The Copenhagen approach? Or the rival approach of Louis de
Broglie and David Bohm, often known as the ‘pilot wave theory’? Or
the ‘many worlds’ interpretation offered by Hugh Everett? As these
three models are empirically equivalent, no experiment can be
performed to settle the question, which must ultimately rest on
complex and disputed judgements about conceptual elegance,
simplicity, and whether they appear to be constructed to advance a
metaphysical agenda. Yet these difficulties do not prevent individual
quantum theorists from making decisions about their preferred
choice. They may not be able to prove it is right, but they can offer
good reasons for that choice.

In its rigorous sense, ‘proof’ is only attainable in the fields of logic
and mathematics. We can thus prove that 2 + 2 = 4, or that ‘the
whole is greater than the part’ – but not that there is a multiverse, or
that the Copenhagen approach to quantum theory is right. John
Polkinghorne – a theoretical physicist turned theologian – insists
that the real issue in both science and religion is whether a belief can
be regarded as warranted or justified.

Neither science nor religion can entertain the hope of establishing
logically coercive proof of the kind that only a fool could deny. No
one can avoid some degree of intellectual precariousness, and
there is a consequent need for a degree of cautious daring in the
quest for truth. Experience and interpretation intertwine in an
inescapable circularity. Even science cannot wholly escape this
dilemma (theory interprets experiments; experiments confirm or
disconfirm theories).

Good reasons can be given for believing that a scientific theory (or
religious belief) are justified, even if these fall short of the rigorous
proof that we expect in logic or mathematics.

‘Justification’ can be understood as the process by which a belief
becomes a justified belief – for example, through enumerating the
good reasons that someone might set out in defending a belief as
likely to be true. As Laurence Bonjour puts it, ‘The basic question is



whether I have good reasons for thinking that my beliefs are true
(and, if so, what forms those reasons take).’ For some philosophers,
such as Alvin Plantinga, the key difference between a basic belief and
a properly basic belief is in the reliability of the production of that
belief. Science rightly demands that we provide justification of our
beliefs, on the basis of the best knowledge and methods at our
disposal. Yet, as Stanley Fish pointed out, those methods of inquiry
and bodies of knowledge change over time:

[A defence of objective truth] will not proceed by citing
unmediated and unchallengeable evidence, but by citing evidence
that appears to me to be conclusive given the features of the world
as I see it and the force of arguments I unproblematically affirm,
at least for now. In short, I rely on the world that has been
delivered to me by the traditions of inquiry and demonstration I
currently have faith in. That is what objectivity means, going with
the best arguments and bodies of evidence one has at the moment.

Fish's point merits close consideration: methods of investigation and
normative assumptions are embedded within social and professional
contexts, and thus change over time. The same ‘evidence’ or
observations is thus open to being interpreted in different ways in
different socio‐cultural locations.

In the previous section, we considered William Paley's 1802
arguments for the existence of God based on an appeal to biological
complexity. Paley clearly considered that he is offering a ‘proof’ of
the existence of God (or at least of a creator). However, a more
careful study of his statements makes it clear that Paley does not
mean that these observations amount to a logical proof, but rather to
a rhetorical demonstration, similar to that then encountered in an
English court of law. Yet in 1836, a series of legal reforms to the
English legal system put an end to the simplistic idea that ‘evidence’
took the form of facts speaking for themselves. The concept of
evidence was now recognized to be a theoretical, not an empirical,
notion. Evidence is not something that is observed within or read off
from nature. Evidence is shaped by assumptions, by hypotheses that
create a framework within which an observation plays a particularly
significant role. A factual observation could be supportive of a
number of possible theories. It is therefore important to identify the



theory that brings the greatest degree of ‘order and connexion to a
mass of facts’. Factual observations thus only become evidence when
placed within a proper context of interpretation.

In legal, scientific, and theological contexts, the question of how a
belief can be said to be ‘justified’ is of considerable importance,
irrespective of the diversity of viewpoints on what quantity of
evidence may be said to justify a belief, or precisely what criteria –
whether extrinsic or intrinsic – should be used to decide between
beliefs. As we noted in Chapter 3 (00‐00), the concept of ‘inference
to the best explanation’ recognizes the serious difficulties in proving
that a given belief is right, and instead aims to determine which of a
number of theoretical options is to be preferred, while
acknowledging that this does not amount to declaring that it is true.

God's Action in the World
One of the more interesting intersections of scientific and religious
thought concerns the manner in which God can be said to act in the
world. For example, does God act within the laws of nature? Or can
these be violated or transcended in order to serve some special divine
purpose? These questions remain live and important. The last two
decades have witnessed a surge of interest in the question of
whether, and to what extent, God may be said to act in the world.
Can God be understood to act entirely in and through the regular
structures and capacities of nature, or does a robust account of
divine action also require us to affirm that God acts specially in order
to redirect the course of events in the natural world, thus delivering
outcomes that would not have occurred if God had not acted in this
way?

Although this discussion is sometimes framed in terms of a generic
notion of divinity, the most significant recent engagements with the
question have reflected Judeo‐Christian conceptions of God. The
language of divine action is integral to both Old and New
Testaments. The God of Israel is regularly and definitively depicted
and described as a God who acts in history. God's identity and
character are understood to be made visible in the sphere of human
action and reflection. This concentration on God's actions in nature
and history could lead to the neglect of important themes (such as



the more subtle unobtrusive forms of divine activity in everyday
experience), as well as creating an essentially impersonal notion of
God as a spiritual force. Yet despite these important qualifications,
Israel understood and represented God as one who acted in nature
and in history. The New Testament maintains this tradition, and
focuses it on the life, death, and resurrection of Jesus of Nazareth.

In 1988, Pope John Paul II celebrated the three hundredth
anniversary of the publication of Newton's Principia by sponsoring a
series of events with the overall title ‘Scientific Perspectives on
Divine Action’. This series of events continued for nearly 20 years,
opening up some important questions about how – and whether –
God could be meaningfully said to ‘act’ in the world of nature. The
debate about special divine action takes place against a framework of
scientific discourse, framed in terms of the ‘laws of nature’, which
raise significant concerns (often based on the philosopher David
Hume) about the notion of divine ‘interference’ with the regular
structures of the world. With the benefit of hindsight, it can now be
seen that the important ‘Divine Action Project’, noted earlier, was
haunted by the fear that interventionist approaches to divine action
seemed to call into question the validity of the laws of nature.

In what follows, we shall explore three broad approaches to this
important question which have been influential in the last hundred
years, before briefly considering some more recent approaches based
on the notion of indeterminacy in quantum mechanics. We begin
with the notion that God acts through the laws of nature.

Deism: God Acts Through the Laws of Nature
Historians generally agree that the modern concept of ‘laws of
nature’, understood as mathematical descriptions of exceptionless
regularities, first emerged in Western culture during the early
modern period, particularly through the influence of Galileo, Kepler,
and Newton. Although the concept of the regularity of nature was
widely accepted during the Middle Ages, the specific phrase ‘laws of
nature’ was not used to express this rationality but was generally
used to refer to moral laws that were held to be grounded in a
divinely established order. By the time of Newton, however, the
phrase ‘laws of nature’ was becoming well established within



scientific circles, bearing the sense of certain fundamental principles,
capable of being expressed mathematically, which captured and
expressed essential structural relationships within the world of
nature.

The Newtonian emphasis on the regularity of nature, particularly
when coupled with the growing trend to think of nature as analogous
to a clockwork mechanism, created difficulties for any notion of
divine intervention within the natural world. Intervention seemed to
entail disruption of the natural order or a subversion of the laws of
nature. Isaac Newton had no difficulty with the idea that God had
established the ‘laws of nature’; he was concerned, however, by the
idea that God might break these laws, in what seemed to him to be
an act of potential anarchy. The ‘laws of nature’ were thus
interpreted as denying causal openness in the structures of nature.

This hostility towards special divine action is clearly mirrored in
Newton's religious writings. He regarded accounts of miracles in the
early church as ‘feigned’ and argued that the biblical accounts of
miracles were more concerned with the infrequency of their
occurrence, rather than their supposed divine origins. Many
theologians of the eighteenth century – such as Jonathan Edwards –
regarded Newton's scientific view of the world as undermining
traditional religious belief, not least because of its suspicions and
hesitations concerning any notion of divine action beyond the
primordial act of creation.

The Newtonian emphasis upon the mechanical regularity of the
universe was closely linked with the rise of the movement known as
‘deism’. Recent research on the nature of deism has emphasized that
this was not a well‐defined coordinated movement, but rather a
broad spectrum of individual opinions characterized by varying
degrees of skepticism concerning both the rationality and utility of
traditional religious beliefs. Deism takes too many forms to be
enfolded within a single definition or history, even though it is
helpful to think of it as a family of beliefs and attitudes.

Despite these definitional difficulties, what is generally understood
to be a ‘deist’ position can be conveniently summarized as follows.
God created the world in a rational and ordered manner, reflecting
God's own rational nature, and endowed the natural order with the



ability to develop and function without the need for God's continuing
presence or involvement. This viewpoint, which became especially
influential in the eighteenth century, tended to follow Kepler in
thinking of the world as a clock and God as a clockmaker. God
endowed the world with a certain self‐sustaining design, such that it
could subsequently function without the need for continual
intervention. It is thus no accident that William Paley chose to use
the image of a watch and watchmaker as part of his celebrated
defence of the existence of a creator God.

So how does God act in the world, according to deism? The simple
answer to this question is that God does not act in the world. Rather,
God established a framework within which the world can function.
Like a watchmaker, God endowed the universe with its inviolable
regularity (expressed in the ‘laws of nature’) and set its mechanism
in motion. Having provided the impetus to set the system in motion,
and establishing the principles which govern that motion, there is
nothing left for God to do. The world is analogous to a large‐scale
watch, which is completely autonomous and self‐sufficient. No action
by God is necessary for its continued functioning.

Inevitably, this led to the question of whether God could be
eliminated completely from the Newtonian worldview. If there was
nothing left for God to do, what conceivable need was there for any
kind of divine being? If it can be shown that there are certain self‐
sustaining principles that are active within the world, there is no
need for the traditional idea of ‘providence’ – that is, for the
sustaining and regulating hand of God to be present and active
throughout the entire existence of the world.

The Newtonian worldview thus encouraged the view that, although
God may well have created the world, there was no further need for
divine involvement. The discovery of the laws of conservation (for
example, the laws of conservation of momentum) seemed to imply
that God had endowed the creation with all the mechanisms which it
required in order to continue. This is the point made by the
astronomer Pierre‐Simon Laplace (1749–1827) in his famous
comment to the French emperor Napoleon Bonaparte about the idea
of God as a sustainer of planetary motion: ‘I have no need of that
hypothesis.’



Yet as the writings of Augustine of Hippo and Thomas Aquinas make
clear, it is perfectly possible to affirm that God acts in the world
through the laws of nature, without abandoning a belief in divine
providence. For example, consider Augustine of Hippo's affirmation
of the role of divinely created ‘determinate qualities’ within the
natural world in ensuring an ordered process of natural
development.

The normal functioning of nature is subject to its own natural
laws, according to which all living creatures have their
determinate inclinations. … The elements of non‐living material
things also have their determinate qualities and forces, by means
of which they function as they do and develop as they do. … From
these primordial principles everything that comes about emerges
in its own time and in the due course of events.

To explore this point further, we shall turn to consider the more
activist understanding of the manner in which God acts in the world,
due to Thomas Aquinas and modern writers influenced by him,
which focuses on secondary causes within the natural order.

Thomism: God Acts Through Secondary Causes
A somewhat different approach to the issue of God's action in the
world can be based on the writings of the leading medieval
theologian Thomas Aquinas. Aquinas's conception of divine action
focuses on the distinction between primary and secondary causes.
According to Aquinas, God does not work directly in the world, but
through secondary causes. Yet although we can distinguish between
primary and secondary causality – or between divine and natural
causality – and argue that these work at different levels, it is
important to appreciate that these are not absolutely independent
from one another, because divine causality is ultimately the cause of
creatural causality.

Aquinas's approach is best explained in terms of an analogy. Imagine
a gifted pianist, who possesses the ability to play the piano
beautifully. Yet the excellence of her playing is partly dependent
upon the quality of her piano. A piano that is out of tune or
mechanically defective will not allow her to give a satisfactory



performance of a Chopin nocturne, no matter how well she can play
the instrument. In this analogy, the pianist is the primary cause of
the performance, and the piano the secondary cause. Both are
required; each has a significantly different role to play. The ability of
the primary cause to achieve the desired effect is dependent upon the
secondary cause that is used for this purpose. Yet the analogy of the
pianist and piano is deficient in an important respect, in that it fails
to correlate the primary and secondary causes as having their
ultimate origins in the same agent.

Aquinas uses this appeal to secondary causes to deal with some of
the issues relating to the presence of evil in the world. Suffering and
pain are not to be ascribed to the direct action of God, but to the
fragility and frailty of the secondary causes through which God
works. God, in other words, is to be seen as the primary cause, and
various agencies within the world as the associated secondary causes.

Aquinas thus argues that God is the ‘unmoved mover’, the prime
cause of every action, without whom nothing could happen at all. Yet
he allows that God can act indirectly, through secondary causes. A
chain of causality can be discerned, leading back to God as the
originator and prime mover of all that happens in the world. Yet God
does not usually act directly in the world, but rather through the
chain of events which God initiates and guides.

For Aristotle (from whom Aquinas draws many of his ideas),
secondary causes are able to act in their own right. Natural objects
are able to act as secondary causes by virtue of their own nature. This
view was unacceptable to theistic philosophers of the Middle Ages,
whether Christian or Islamic. For example, the noted Islamic writer
al‐Ghazali (1058–1111) held that nature is completely subject to God,
and it is therefore improper to speak of independent secondary
causes. God causes things directly. If lightning sets a tree on fire, the
fire is not caused by the lightning, but by God. God is thus to be seen
as the primary cause who alone is able to move other causes. In the
view of many historians of science, this approach to divine causality
(often known as ‘occasionalism’) has not made a positive
contribution to the development of the natural sciences, as it
downplays the regularity of actions and events within nature, and
their apparent ‘law‐like’ nature.



It will thus be clear that Aquinas's approach leads to the idea of God
initiating a process which develops under divine guidance. God, so to
speak, delegates divine action to secondary causes within the natural
order. For example, God might move a human will from within so
that someone who is ill receives assistance. Here an action which
expresses God's will is carried out indirectly by God – yet, according
to Aquinas, we can still speak of this action being ‘caused’ by God in
some meaningful way. Aquinas's approach has proved fruitful, and
has been adopted and adapted by those wanting to affirm divine
involvement in the ‘big bang’ and the process of biological evolution.

A related approach was developed by the British philosophical
theologian Austin Farrer (1904–1968). This account of divine action
is often termed ‘double agency’. According to Farrer, every action
which takes place in the world includes a causal role for one or more
agents or objects in the world (the ‘secondary’ causes) and a distinct
role for God as the ‘primary’ cause of what occurs. We could
therefore speak of an ordered nexus of created causes and effects
which are ultimately dependent upon divine agency. Two different
orders of efficacy can be distinguished: a ‘horizontal’ order of created
causes and effects, and a ‘vertical’ order through which God
establishes and sustains the former.

The notion of indirect divine operation within nature by secondary
causes governed by the ‘laws of nature’ played an important role in
framing theological responses to Darwin's evolutionary theory.
Writers such as Aubrey Moore (1848–1890) picked up on Darwin's
emphasis on the ‘laws impressed on matter by the Creator’, a notion
which was given a significantly higher profile in the second edition of
the Origin of Species than in the first. For Moore, God's action was
disclosed in natural laws, which were not to be understood in terms
of the quasi‐deism of Paley's natural theology, but in terms of an
immanentist theology of nature, which Moore held to be much more
compatible with Christianity.



Science had pushed the deist's God further and further away, and
at the moment when it seemed as if He would be thrust out
altogether, Darwinism appeared, and, under the guise of a foe, did
the work of a friend. It has conferred upon philosophy and
religion an inestimable benefit, by showing us that we must
choose between two alternatives. Either God is everywhere
present in nature, or He is nowhere. He cannot delegate his power
to demigods called ‘second causes’. In nature everything must be
his work, or nothing.

Although Moore's views on secondary causality are open to criticism
(Aquinas, for example, does not treat such causes as ‘demigods’), his
analysis is clearly of interest at this point, particularly in engaging
with Paley's static view of creation.

Process Theology: God Acts Through
Persuasion
The origins of process thought are generally agreed to lie in the
writings of the Anglo‐American philosopher Alfred North Whitehead
(1861–1947), especially his important work Process and Reality
(1929). Reacting against the rather static view of the world associated
with traditional metaphysics (expressed in ideas such as ‘substance’
and ‘essence’), Whitehead conceived reality as a process. The world,
as an organic whole, is something dynamic, not static; something
which happens. Reality is made up of building blocks of ‘actual
entities’ or ‘actual occasions’, and is thus characterized by becoming,
change, and event.

All these ‘entities’ or ‘occasions’ (to use Whitehead's original terms)
possess a degree of freedom to develop in response to their
surroundings. It is perhaps at this point that the influence of
biological evolutionary theories can be discerned: like Pierre
Teilhard de Chardin (1881–1955), Whitehead is concerned to allow
for development within creation, subject to some overall direction
and guidance. This process of development is thus set against a
permanent background of order, which is seen as an organizing
principle essential to growth. Whitehead argues that God may be
identified with this background of order within the process.
Whitehead treats God as an ‘entity’, while distinguishing God from



other ‘entities’ on the grounds of imperishability. Other entities exist
for a finite period; God exists permanently. Each entity thus receives
influence from two main sources: previous entities and God.

Causation is thus not a matter of an entity being coerced to act in a
given manner: it is a matter of influence and persuasion. Entities
influence each other in a ‘dipolar’ manner – mentally and physically.
Precisely the same is true of God as for other entities. God can only
act in a persuasive manner, within the limits of the process itself.
God ‘keeps the rules’ of the process. Just as God influences other
entities, so God is also influenced by them. God, to use Whitehead's
famous phrase, is ‘a fellow‐sufferer who understands’. God is thus
affected and influenced by the world. This aspect of Whitehead's
thought has been developed in the context of the science‐religion
interaction by a number of writers, especially Ian R. Barbour.

Process thought thus redefines God's omnipotence in terms of
persuasion or influence within the overall world process. This is an
important development, as it explains the attraction of this way of
understanding God's relation to the world in relation to the problem
of evil. Where the traditional free will defence of moral evil argues
that human beings are free to disobey or ignore God, process
theology argues that the individual components of the world are
likewise free to ignore divine attempts to influence or persuade them.
They are not bound to respond to God. God is thus absolved of
responsibility for both moral and natural evil.

The traditional free will defence of God in the face of evil is
persuasive (although the extent of that persuasion is contested) in
the case of moral evil – in other words, evil resulting from human
decisions and actions. But what of natural evil? What of earthquakes,
famines, and other natural disasters? Process thought argues that
God cannot force nature to obey the divine will or purpose for it. God
can only attempt to influence the process from within, by persuasion
and attraction. Each entity enjoys a degree of freedom and creativity,
which God cannot override.

While this understanding of the persuasive nature of God's activity
has obvious merits, not least in the way in which it offers a response
to the problem of evil (as God is not in control, God cannot be
blamed for the way things have turned out), critics of process



thought have suggested that too high a price is paid. The traditional
idea of the transcendence of God appears to have been abandoned,
or radically reinterpreted in terms of the primacy and permanency of
God as an entity within the process. In other words, the divine
transcendence is understood to mean little more than that God
outlives and surpasses other entities.

Earlier, we noted the importance of Ian Barbour as a formative
influence over the field of science and religion. Barbour championed
the use of process thought to provide an intellectual basis for the
facilitation and consolidation of this intellectual dialogue. Instead of
seeing the emergence of the field of ‘science and religion’ as a
pragmatic response to the need for two powerful cultural forces to
engage in dialogue, Barbour argues that there is an intellectual
bridge between the two, which makes this dialogue necessary and
proper.

The key aspect of process theology which Barbour appropriates to
facilitate this dialogue is the rejection of the classic doctrine of God's
omnipotence: God is one agent among many, not the sovereign Lord
of all. As Barbour points out, process thought affirms ‘a God of
persuasion rather than compulsion … who influences the world
without determining it’. Process theology thus locates the origins of
suffering and evil within the world to a radical limitation upon the
power of God. God has set aside (or simply does not possess) the
ability to coerce, retaining only the ability to persuade. Persuasion is
seen as a means of exercising power in such a manner that the rights
and freedom of others are respected. God is obliged to persuade
every aspect of the process to act in the best possible manner. There
is, however, no guarantee that God's benevolent persuasion will lead
to a favourable outcome. The process is under no obligation to obey
God. As Barbour comments, process theology thus calls into question
‘the traditional expectation of an absolute victory over evil’.

God intends good for the creation, and acts in its best interests.
However, the option of coercing everything to do the divine will
cannot be exercised. As a result, God is unable to prevent certain
things happening. Wars, famines, and holocausts are not things
which God desires; they are, however, not things which God can
prevent, on account of the radical limitations placed upon the divine



power. God is thus not responsible for evil; nor can it be said, in any
way, that God desires or tacitly accepts existence of evil. The
metaphysical limits placed upon God are such as to prevent any
interference in the natural order of things.

Barbour finds this approach (especially as it is set out in the writings
of Whitehead himself) valuable in illuminating the manner in which
science and religion interact. It allows God to be seen as present and
active within nature, working within the limits and constraints of the
natural order. It would be fair to categorize Barbour as a
‘panentheist’ at this point (meaning the view that ‘God is present in
all things’, and not to be confused with ‘pantheism’, the view that all
things are divine).

Perhaps the most interesting way in which Barbour uses the
distinctive ideas of process thought relates to the theory of evolution.
Barbour argues that the evolutionary process is influenced by – but
not directed by – God. This allows him to deal with the fact that the
evolutionary process appears to have been long, complex, and
wasteful. ‘There have been too many blind alleys and extinct species
and too much waste, suffering and evil to attribute every event to
God's specific will.’ God influences the process for good, but cannot
dictate precisely what form it will take. It is here that Barbour's
influence has been particularly significant, with many contemporary
works exploring the religious implications of evolutionary suffering
appealing to the principles of process thought to make the point that
God does not directly determine the precise form of the evolutionary
process. He suffers, along with others, within that process.

Whitehead's basic ideas have also been developed by a number of
writers, most notably Charles Hartshorne, Schubert Ogden, and
John B. Cobb. Hartshorne modified Whitehead's notion of God in a
number of directions, perhaps most significantly by suggesting that
the God of process thought should be thought of more as a person
than an entity. This allows him to meet one of the more significant
criticisms of process thought: that it compromises the idea of divine
perfection. If God is perfect, how can he change? Is not change
tantamount to an admission of imperfection? Hartshorne redefines
perfection in terms of a receptivity to change which does not
compromise God's superiority. In other words, God's ability to be



influenced by other entities does not mean that God is reduced to
their level. God surpasses other entities, even though he is affected
by them.

Process thought has no difficulty in speaking of ‘God's action within
the world’, offering a framework within which this action can be
described in terms of ‘influence within the process’. Nevertheless, the
specific approach adopted causes anxiety to traditional theism,
which is critical of the notion of God associated with process
theology. For traditional theists, the God of process thought often
seems to bear little relation to the God described in the Old or New
Testaments.

Quantum Theory: God Acts Through
Indeterminacy
A fourth approach has emerged as significant more recently, largely
as a result of the ‘Scientific Perspectives on Divine Action’
programme, noted earlier. The three approaches just outlined are
widely encountered in theological and philosophical discussions of
divine agency. In recent years, however, these have been
supplemented by other approaches. Although these more recent
understandings of divine agency have yet to gain a wide degree of
acceptance, they are of sufficient interest and importance to mention
here.

One approach, based on the Copenhagen model of quantum
mechanics, holds that the idea of indeterminancy offers a way of
thinking about God's actions in the world. Events which might seem
to occur randomly are actually caused by divine agency. The appeal
of the approach is obvious. Most philosophers want to affirm that
any belief in real freedom in agents, whether human or divine,
requires an open future, rather than one which is predetermined.
The Copenhagen approach to quantum mechanics incorporates such
a notion of indeterminacy, thus suggesting that divine agency can
operate without detection or interference in the autonomy of natural
(particularly living) entities. God is thus the ‘determiner of
indeterminacies’.



This approach is adopted by Robert John Russell in his NIODA (non‐
interventionist objective divine action) proposal, developed as part of
the ‘Scientific Perspectives on Divine Action’ programme. Russell is
specifically concerned about whether God can be said to act
objectively in nature while avoiding violation of the laws of nature.
Russell argues that God's special action ‘results in specific, objective
consequences in nature, consequences which would not have
resulted without God's special action.’ Although this might seem to
appeal to a ‘God of the gaps’ framework, Russell argues that this is
not the case. God has created the world in such a way that God is
able to act in special ways without intervening in the flow of natural
processes. Physical processes are open to God's direction or influence
because God created them this way. ‘God creates the universe such
that the quantum events occur without sufficient natural causes and
acts within these natural processes and together with natural causes
to bring them about.’

Yet there are problems with this potentially attractive position. Even
if an indeterminist approach to quantum theory is favoured, critics
such as Jeffrey Koperski have argued that the theological outcome of
such a strategy is close to deism. The indeterminist Copenhagen
interpretation of quantum theory may well be dominant; yet others –
such as that developed by David Bohm – are determinist and seem to
offer no such indeterminate quantum nexus as a means of
safeguarding the idea of divine agency. Nor is there any indication
that quantum fluctuations could have the cumulative force necessary
to speaking meaningfully of God ‘acting’ in the world.

One of the issues that is significant in discussion of divine action
concerns the status of the notion of the ‘laws of nature’. Are these to
be seen as inviolable principles governing the processes within the
universe? Or simply as summaries of observations, without any sense
that these are regulative or normative? Philip Clayton and others
have argued that there are good reasons for thinking that there are
emergent systems of phenomena that are dependent on the laws of
nature, yet which also display emergent causal powers that cannot be
predicted in this manner.

Others have turned to the notion of ‘downward causation’. This
notion is often stated in slightly vague and imprecise forms. The



basic idea is that we can speak of forms of ‘top‐down’ or ‘downward
causation’ within the natural world, most notably the way in which
the human mind operates on various components of the human
body. Might the way in which the human mind controls the body be
analogous to the manner in which God governs the universe?

It is a fascinating possibility, yet one which at present remains
difficult to evaluate. The suggestion that mental causation can
elucidate the interaction between divine agency and human free will
has an obvious appeal. For example, in initiating processes that are
transmitted by neurons, the mind cannot be said to violate or
override the nature or properties of neurons. One of the more
obvious difficulties, for example, is that the relation between the
concept of ‘mind’ and the human brain still remains incompletely
understood. Might we eventually have to speak of the brain – rather
than the mind – controlling other parts of the body? This would
seriously reduce the value of this approach.

A third way of thinking about divine agency is to consider God as a
source of information. John Polkinghorne and Arthur Peacocke have
both argued the case for understanding divine action as an ‘input of
pure information’. God can be considered as a choreographer, who
allows his dancers a degree of freedom in their movements, or a
composer, who allows an orchestra to explore possible variations for
a yet unfinished symphony. The appeal of this approach lies partly in
the fact that, at least at first sight, the transference of information
does seem to not require the violation of conservation laws. Yet its
critics point out that the input of information into a system implies
the reorganization of energy or matter, thus apparently raising more
or less the same difficulties encountered by other, more traditional,
approaches.

Miracles and the Laws of Nature
As we noted earlier, the concept of ‘laws of nature’ as mathematical
descriptions of exceptionless regularities first emerged during the
early modern period, particularly through the influence of Galileo,
Kepler, and Newton. As Peter Harrison and other historians have
pointed out, leading scientists of this period, almost without
exception, had a dual commitment to a science premised upon a



mechanical universe governed by immutable laws of nature on the
one hand, and on the other to an omnipotent God who intervened in
the natural order from time to time, thus breaching these laws of
nature.

Leading scientists of this age did not see this as problematic. Robert
Boyle, for example, wrote that while God established laws of nature,
‘yet he has not bound up his own hands by them, but can invigorate,
suspend, overrule, and reverse any of them as he thinks fit.’ Newton
himself took the view that a given event might seem miraculous to
one observer and natural to another, depending upon the state of
knowledge of the observer.

Miracles are so called not because they are the works of God but
because they happen seldom and for that reason create wonder. If
they should happen constantly according to certain laws
impressed upon the nature of things, they would be no longer
wonders of miracles but would be considered in philosophy as
part of the phenomena of nature notwithstanding that the cause
of their causes might be unknown to us.

The phrase ‘laws of nature’ was not generally used before about 1650,
although it is frequently encountered after this date. This historical
point is significant, in that modern discussions of miracles, all of
which date from after 1650, are almost invariably framed in terms of
a ‘violation of the laws of nature’ – a phrase particularly associated
with David Hume's critique of miracles.

David Hume's Critique of Miracles
David Hume's influential critique of miracles depends on his
understanding of a miracle as ‘a violation of the laws of nature’ or ‘a
transgression of a law of nature by particular volition of the Deity, or
by the interposition of some invisible agent’. There is an obvious
inconsistency here within Hume's own thought. One of Hume's most
distinctive contributions to the philosophy of science is a rigorous
skepticism concerning the inductive process. How, Hume asked, can
we arrive at any conclusions that go beyond the past instances of
which we have had experience? Hume argues that inductive
reasoning is based on the principle ‘that instances, of which we have



had no experience, must resemble those, of which we have had
experience, and that the course of nature continues always uniformly
the same.’ Inductive reasoning thus assumes its own validity in
offering a justification for its practice. A universal law of nature can
only be established inductively; since the possibility of a future
observation which disconfirms this cannot be excluded, these ‘laws’
are to be seen as provisional and partial, not universal and necessary.
By Hume's own criteria, a ‘miracle’ might be a violation of the laws of
nature – or the anticipated disconfirmation of the universality of that
law.

Hume's views on the inductive processes that lead to the formulation
of ‘laws of nature’ leads him to conclude that the regularity they
express is not a feature of the ‘real world’ but is rather a construction
of an order‐imposing human mind. Hume's overstatement has not
been well received within the scientific community, which generally
holds that regularity is an intrinsic feature of the world, uncovered
(not imposed) by human investigation. For example, consider the
comments of the physicist Paul Davies, which would be widely
endorsed by natural scientists:

It is important to understand that the regularities of nature are
real. … I believe any suggestion that the laws of nature are similar
projections of the human mind is absurd. The existence of
regularities in nature is an objective mathematical fact. … In
conducting science we are uncovering real regularities and
linkages out of nature, not writing them into nature.

A religious (and especially a Christian) approach to this discussion
will focus on the ordering of the world as something which exists in
that world, independent of whether the human mind recognizes it or
not, and that this ordering can be understood to be related to the
doctrine of creation. While many natural scientists have discarded
the original theological framework which led their predecessors of
the seventeenth and eighteenth centuries to speak of ‘laws of nature’,
there is no reason why such an insight should not be reappropriated
by natural scientists sensitive to the religious aspects of their work.

There is a second point that needs to be made here. Hume's
definition of a miracle, as has often been pointed out, has the
unfortunate consequence that few, if any, would have believed in a



‘miracle’, as Hume defines it, for the first sixteen hundred years of
Christian history. Why? Because few, if any, believed in absolute
‘laws of nature’ by that name before 1650. Thomas Aquinas, writing
in the thirteenth century, described a miracle as something that
‘surpasses the capabilities of nature’, making no reference to
violating the laws of nature. (A similar view was set out by Pope
Benedict XIV in 1738: a miracle is an event whose occurrence
exceeds the power of visible and physical nature.)

The Dutch philosopher Baruch Spinoza offered an important
criticism of miracles in 1670. In his Tractatus Theologico‐Politicus,
Spinoza argued that miracles were impossible, in that the ‘laws of
nature’ are decrees of God which are expressions of the necessity and
perfection of the divine nature. ‘Nothing happens in nature which is
in contradiction with its universal laws.’ Since a miracle represents a
violation or contravention of the laws of nature, anyone suggesting
that God performed miracles would have to accept that God here
contradicted his own nature, which is clearly absurd.

Albert Einstein often indicated his respect for and debt to Spinoza,
noting that ‘followers of Spinoza see our God in the wonderful order
and lawfulness of all that exists’. Einstein suggests that belief in a
personal God was the ‘main source of the present‐day conflicts
between the spheres of religion and science.’ Why? Because the
‘doctrine of a personal God interfering in events’ was not consistent
with the ‘ordered regularity’ of natural processes. God does not break
the laws of nature. For Einstein, the concept of a personal God
entailed a God who did not respect the laws of nature – despite
having established them in the first place. Einstein appears to have
believed that to allow that God was ‘personal’ opened the way to God
being capricious or whimsical.

These historical points are important in setting a context for the
discussion of miracles within both a scientific context and a religious
context. The concept of ‘law of nature’ is here understood as a
divinely established rule that certain things shall happen, and others
shall not. Yet many philosophers of science would respond critically
to such an approach, seeing it as an over‐interpretation of the idea of
a ‘law of nature’. Natural laws are better understood as incomplete



inductive generalizations and reduce any universal natural law to a
statistical approach similar to that found in quantum theory.

Albert Einstein, noted for his rigorous pursuit of the fundamental
laws of nature, was dismayed by the growing tendency of quantum
theory to use statistical approaches. The quotation often ascribed to
Einstein – ‘God does not play dice’ – is actually an unhelpful
contraction of a more measured statement: ‘It seems hard to sneak a
look at God's cards. But that he plays dice and uses ‘telepathic’
methods (as the present quantum theory requires of him) is
something that I cannot believe for a single moment.’ Einstein's
point is that the notion of causality becomes complex in the context
of quantum theory, raising questions about what a ‘law of nature’
might be able to stipulate in this situation. Einstein believed that it
ought to be possible to formulate the insights of quantum theory as
laws of nature, rather than in terms of statistical probabilities.

Hume's definition of a miracle remains influential and is often the
starting point for contemporary discussions of the notion. For
example, in his Concept of Miracle (1970), the philosopher of
religion Richard Swinburne follows Hume in defining a miracle as ‘a
violation of a law of nature by a god’. Many contemporary writers,
including both scientists and philosophers, also resist the notion of
the ‘laws of nature’ as inductive generalizations summarizing the
observed behavior of physical events. The physicist Paul Davies, for
example, holds that the laws of nature are embedded within the
universe, leading him to ‘strongly support the Platonic idea that the
laws are “out there”, transcending the physical universe.’

Yet the debate continues. As Hume himself pointed out, inductive
generalizations are necessarily incomplete, and for that reason
cannot be regarded as ‘proven’ or ‘universal’. Furthermore, the
advance of science inevitably entails the review, and sometimes the
revision, of what previous generations regarded as being firmly
established. This point is made repeatedly by writers who are alert to
the danger of becoming locked into what one era or generation
regarded as self‐evidently true assumptions about the natural world.
Our knowledge of the laws of nature will expand over time. One of
the more influential discussions of this point is found in F. R.
Tennant's book Miracle and Its Philosophical Presuppositions



(1925), in which he made this significant assertion: ‘until we shall
have arrived at something like omniscience as to Nature's
constitution and intrinsic capacities, we cannot affirm any marvel to
be beyond them.’

Keith Ward on Miracles
Yet this discussion focuses excessively on the idea of a miracle as
something that violates – others would say expands – our
understanding of the laws of nature. What about its religious
significance, which is not framed in terms of its violation of the laws
of nature, but rather in terms of being a sign of God's presence or
activity? The British theologian Keith Ward made this point in his
book Divine Action (1990):

It is quite unsatisfactory to think of miracles as just rare, highly
improbable and physically inexplicable events. The theist has no
interest in the claim that anomalous physical events occur. The
events in which the theist is interested are acts of God; and Divine
acts do not occur arbitrarily or just as anomalous and wholly
inexplicable changes in the world.

For Ward, miracles are better understood as ‘epiphanies of the
Spirit’, which aim to disclose that nature is not to be considered as a
closed physical system. Rather, nature can be interpenetrated and
reordered by God, who created it in the first place. Ward thus locates
his discussion of miracles within a changing understanding of the
universe that he sees in contemporary science, which offers a picture
of a universe that is much ‘looser’ and more open than that disclosed
by the somewhat deterministic Newtonian mechanics. ‘The whole
“seamless robe” picture of nature as a closed causal system is much
less compelling than it once may have seemed.’

Ward also critiques Hume's inflated understanding of a ‘law of
nature’, and his apparent exclusion of God's goals in establishing the
universe in the first place.

If we think of laws as having been created by God, the laws
themselves must exist for some reason – and if God is a personal
agent, that reason could well justify some occurrences that
transcend general law‐like principles.



Ward offers an example to help us understand his point. Suppose
God intends that human beings can come to know and love God and
enjoy the divine presence. If this is indeed the case, this goal will be
reflected in the causal structures of the universe. What happens to
help bring about this relationship is thus not a ‘violation’ of the laws
of nature, but rather is their teleological fulfilment. Ward presses
home this point as follows:

Laws of nature are the general principles of intelligible regularity
that govern the physical cosmos, but there is every reason for a
theist to think that there are higher principles than laws of nature
—principles that draw finite persons into conscious relationship
with the Creator. Miracles, events that transcend the regularities
of nature, result from the application of such intelligible
principles.

Wolfhart Pannenberg on Miracles
The German theologian Wolfhart Pannenberg adopts a more
theological approach to the question of miracles, arguing that the
‘laws of nature’ have a purely provisional status, until they are placed
on a firmer theoretical foundation by theological analysis. So do
miracles represent violations of the laws of nature? Pannenberg
concedes that they can indeed be understood in this way, and that
this raises some very difficult scientific questions. ‘The concept of
miracle as a violation of natural law subverts the very concept of law.’
Yet this is a modern statement of the question, which can be
corrected by considering earlier approaches to the issue. Pannenberg
notes with particular approval the approach of Augustine of Hippo
(354–430), who emphasized that events of that type do not occur
contrary to the nature of things. They may indeed appear to be
contrary to this order, yet this is due to our limited knowledge of the
course of nature.

Pannenberg advocates the rejection of the notion of a miracle as
contra naturam – that is, as an event which contradicts or violates
the laws of nature. Augustine of Hippo's approach, as set out in his
commentary on Genesis, rests upon a recognition that we experience
or observe certain events as unusual and exceptional in contrast to
the accustomed patterns of events. ‘A miracle is just an unusual



event or action, and religious interpretation identifies it as an act of
God.’ What is really miraculous, in Pannenberg's view, are the laws
of nature themselves. Why is there such ordering in a radically
contingent world? ‘The order of nature itself by natural law is one of
the greatest miracles, in view of the basic contingency of events and
of their sequence.’

Pannenberg takes this emphasis on contingency further, making the
point that contingencies are unpredictable. Some would see the hand
of God in certain contingencies, interpreting certain events as
miracles, not because they violate the laws of nature, but because
they stand out as unusual.

Once in a while, however, contingencies occur that make people
aware of the basic contingency that permeates all reality. Such an
unusual occurrence may be experienced as a ‘miracle’, and
religious persons will take it as an act of God, a ‘sign’ of the
continuing activity of the Creator in creation and perhaps of new
things to come.

For this reason, Pannenberg argues, the Augustinian approach to the
miraculous is to be advocated. It does not require any opposition to
the order of nature described in terms of natural law. ‘It only
requires us to admit that we do not know everything about how the
processes of nature work.’

Natural Atheology? Evolutionary Debunking
Arguments against God
Finally, we turn to the emergence of a series of arguments linked to
particular interpretations of Darwin's views on natural selection or
the ‘Extended Evolutionary Synthesis’, which hold that an
evolutionary understanding of the origins of human rational
capacities call into question the rationality of belief in God. The
fundamental theme underlying what have come to be known as
‘evolutionary debunking arguments’ is that the origins and
characteristics of religion can be explained on evolutionary grounds
without the need to invoke the existence of God.



There are some significant difficulties with such a generic approach
to religion, perhaps most notably that there is no agreed empirical
definition of ‘religion’. It may be natural for us to think of religion in
essentialist terms, seeing it as a universal category, embracing
individual examples of this universal – such as Buddhism,
Christianity, and Hinduism – so that summative generalizations can
be made about the ‘essence of religion’. Yet historically, views about
the nature, function, and identity of religion have varied from one
historical location to another, as they do today. The category of
‘religion’ is probably best seen as a useful social construction that has
little, if any, basis in scientific investigation. The term is socially
important – for example, in relation to ensuring the basic right of
‘religious freedom’ (which clearly requires some agreement on what
counts as a religion). Simplistic definitions of religion in terms of a
specific belief in gods or spiritual beings – underlying Daniel
Dennett's bold yet inaccurate declaration that ‘a religion without God
or gods is like a vertebrate without a backbone’ – are rendered
problematic by Buddhism, which obstinately refuses to conform to
such definitions.

Yet most evolutionary debunking arguments focus on the social
utility of religion as a factor which increases its potential for survival,
making the question of definition less important. Beliefs which
encourage the emergence of pro‐social attitudes are likely to lead to
an increased possibility of survival for communities which adopt
them. This, of course, raises the question of the distinction between
religion and ethics, in that while an ethical system can be derived
from ‘religious’ beliefs, it can equally arise for pragmatic reasons.

Many have argued for the adaptive character of religion, in that
religion is seen to encourage social cohesion and discipline, giving a
group a greater capacity to survive and reproduce. It has long been
recognized that one of the primary functions of religion is the
promotion of this type of group solidarity, which is often
strengthened through rituals, expressing both the fundamentals of
group identity and the dangers which attend it. This enhanced social
bonding within a group is not to be seen as an end in itself; by
increasing solidarity, religion facilitates cooperation within the
group, thus enhancing its survival prospects.



But is the capacity of religion to enhance group survival prospects a
consequence of its truth, or its utility? Might an evolutionary account
of the origins of religion show that its ideas evolved, not in response
to tracking truth, but to enhancing the group's capacity to flourish
and reproduce? This line of inquiry lies behind the emergence of
‘evolutionary debunking arguments’, some of which argue that the
evolutionary process leads to a reductive explanation of religious
beliefs as accidental and unreliable.

One set of evolutionary debunking arguments is based on the origins
of religion, holding that the phenomenon of religion can be explained
on evolutionary grounds without the need to appeal to the existence
of a god or other transcendent agency or entity. The philosopher
Robert Nola, for example, argues that religion emerges naturally,
and is thus explained by natural factors – hence implicitly subverting
any assumption that religion is justified in appealing to any
supernatural agency or entity. Others, however, argue that this
represents an instance of the ‘genetic fallacy’, in which a theory of the
social origins of a system or community is held to be a definitive
explanation, excluding others. Different levels of explanation are
possible. An evolutionary explanation of how music developed, for
example, does not exhaust the question of its present value to
individuals or its social utility. Nor do evolutionary perspectives
adequately explain justified beliefs. This evolutionary debunking
argument clearly assumed that explaining the origins of religion
amounts to showing that religious beliefs are false.

An evolutionary account of the origins of religion does not exclude
other causes or explanations of religion – or any comparable
community of belief. Nola appears to believe that theological and
evolutionary accounts of religion are incompatible, perhaps
reflecting an unwise dependence on the ‘conflict’ metaphor of their
relationship. In reality, multiple explanations of the origins of
religion can be provided, operating at different levels, and each being
inadequate to account for the specifics of religion as a phenomenon
in general, or the specific features of any religious community. As the
Oxford philosopher Janet Radcliffe‐Richards remarked in her
criticism of the evolutionary debunking of altruism, ‘explaining how
altruism comes to exist no more shows that it is not real altruism
than explaining how a cake was made shows it is not a real cake.’



A second approach argues that the origins of religious belief lie in the
unreliability of human rational faculties. Evolution does not select
according to any capacity to seek and find the truth, but rather on
account of a capacity to survive and reproduce. ‘Natural selection
does not care about truth; it cares only about reproductive success.’
While it could be argued that it makes sense to suggest that evolution
has designed us to appraise the world accurately and to form true
beliefs, the question of whether at least some misbeliefs might be
adaptive remains open.

This line of thought leads to a second set of evolutionary debunking
arguments, which hold that religion is the outcome of a flawed
capacity for reasoning, reflecting the fact that evolution does not
select for the truth of human beliefs. Religion is thus held to be the
outcome of flawed human rational faculties, which leads us to hold
certain misbeliefs which turn out to be adaptive on account of their
pro‐social outcomes. John Wilkins and Paul Griffiths, for example,
argue that empirical beliefs have a clear evolutionary advantage – for
example, in helping us identify possible survival strategies. It is
therefore possible to argue that human rational faculties work well in
one domain (the empirical) but not so well in others (such as the
religious or the moral).

Yet it is far from clear where this takes us. Arguing that human
rational faculties have an evolutionary origin does not entail that
they lead to false beliefs. It is well known that different areas of
engagement and interaction – such as the sciences, ethics, and
theology – use different rational strategies and norms, adapted to
their research task and goals. Wilkins and Griffiths are right to raise
questions about the rationality of our judgements, arising from our
evolutionary past; yet in the end they depend on those same rational
faculties in evaluating the reliability of their judgements, introducing
an uncomfortable degree of circularity and self‐referentiality into the
discussion.

Natural Theology: Is God the ‘Best Explanation’
of our Universe?



In the previous section, we considered some arguments which
suggest that the phenomenon of religion or a specific belief in God
might be ‘explained away’ by the natural sciences. Although these
arguments are weaker than many believe, they raise an entirely
legitimate question: in what way might God be seen as the ‘best
explanation’ of our universe? Is there some intellectual pathway
which connects observation of our world with a transcendent reality,
such as God? This question is often explored with reference to the
notion of ‘natural theology’, which has long been recognized as an
important theme within the field of science and religion.

In its most general sense, natural theology suggests that there is a
link between the natural world and the transcendent. It is a deeply
human intuition, shared by both artists and scientists. G. K.
Chesterton was one of many to point out how the human
imagination reaches beyond the limits of reason, grasping for a half‐
glimpsed reality that seems to lie beyond the threshold of our
experience. ‘Every true artist’, Chesterton asserted, feels ‘that he is
touching transcendental truths; that his images are shadows of
things seen through the veil.’ Another way of expressing this is found
in the writings of the philosopher José Ortega y Gasset, who
concedes that there is no ‘arc’ of evidence that securely and
unequivocally links the empirical world and transcendent reality. Yet
Ortega asks us to imagine a Roman arch, linking two pillars. Part of
the arch has collapsed, but we can still see the trace of its original
arc, and make the now imaginative, but once real, connection
between the two pillars.

Although the term ‘natural theology’ (Latin: theologia naturalis) was
known to early Christian writers, the term was generally not used by
medieval writers such as Thomas Aquinas. As the Oxford scholar C.
C. J. Webb rightly noted in the early twentieth century, historical
scholarship indicated that the term ‘natural theology’ was rarely used
during the patristic and medieval periods, and only came into wider
use in the sixteenth century, mainly on account of the influence of
the fifteenth century Catalan scholar Raimundo de Sebonde (c.
1385–1436).

Sebonde's Liber Creaturarum (The Book of the Creatures) was
thought to have been written in the final two years of his life. A



posthumous sixteenth‐century editorial decision led to the addition
of the subtitle seu theologia naturalis (‘or natural theology’) to the
second Latin edition of this work – and hence to the adoption of the
term ‘natural theology’ to describe the broad form of theological
engagement with nature that Sebonde commended. Yet the Latin
term theologia naturalis can be understood as both ‘a natural
theology’ and ‘a theology of nature’. It can be understood both as the
process of arguing from nature to God, and of viewing nature from
the standpoint of faith. Sebonde tends to adopt the second of these
two approaches.

Sebonde's work was widely imitated, with multiple publications
appearing from French and Spanish publishers in the sixteenth
century developing its method and approach, shaping expectations
of what a ‘natural theology’ looked like, in theory and practice. The
form of ‘natural theology’ found in Sebonde's work, however, bears
little relation to modern understandings of the concept, which
emerged two centuries later. Natural theology is not understood as
an apologetic enterprise, but is more seen an affective engagement
with the natural order, seen from the perspective of faith. Sebonde's
treatise, while including some later catechetical sections dealing with
dogmatic theology, is really a work of spirituality rather than
theology.

Although philosophers of religion tend to define natural theology as
the ‘branch of philosophy which investigates what human reason
unaided by revelation can tell us concerning God’, an examination of
the historical development of natural theology indicates that this is
only one of several forms it has taken during this process. This
specific understanding of natural theology emerges mainly within
late seventeenth century England and is shaped by the cultural and
intellectual context of that period, particularly the growing sense of a
rift between scientific and religious ways of thinking. The term
‘physico‐theology’ is sometimes used to refer to this specific
approach to natural theology.

‘Physico‐theology’ emerged as an intellectual tool which both
encouraged scientific research within the persistently religious
culture of England during the eighteenth century, while also and
affirming the value and rationality of religion within an increasingly



scientific culture. Its emphasis on the rational transparency of nature
and the ease with which this mapped onto a religious map of
meaning seemed to bypass the great theological controversies of the
age, while encouraging the emergence of the natural sciences. In its
heyday in the early eighteenth century, ‘physico‐theology’ (from the
Greek: physikos, ‘natural’) was seen as disclosing and proclaiming
the fundamental harmony of the universe, grounded in the ‘laws of
nature’ established by a benevolent creator.

One of the best‐known statements of this vision of a harmonious
universe is found in Joseph Addison's famous ‘Ode’ of 1712 – an
extended commentary on Psalm 19.1 which declares that the
regularities of the natural world display the wisdom and rationality
of its Creator. For Addison, the regularities of the sun, moon, and
planets were a publicly accessibly manifestation of divine presence
within the universe:

Th’unwearied Sun, from day to day,

Does his Creator's power display,

And publishes to every land

The work of an Almighty Hand.

Human reason was able to discern this regularity and express it
mathematically. For Addison and his contemporaries, the rationality
and elegance of this vision of cosmic harmony was a reassurance of
God's handiwork in creation.

In Reason's ear they all rejoice,

And utter forth a glorious voice,

For ever singing, as they shine,

The Hand that made us is Divine.

There is now a widespread recognition of the diversity of possible
approaches to natural theology, including two quite different
directions of intellectual movement: from nature to God, and from
God to nature. In what follows, we shall briefly note four approaches



to natural theology, two of which represent the first line of approach,
and two the second.

1. Natural theology refers to a form of reasoning, independent of
revelation, which reflects on the theistic entailments of the
beauty or complexity of the natural world. As we noted earlier,
this specific understanding of natural theology is widely referred
to as ‘physico‐theology’ and emerged as a significant intellectual
presence in eighteenth‐century England. The trajectory of
thought here is from observation of the natural world to
inference of the existence of God, without presupposing or
establishing a relationship of dependence upon revealed ideas.
Such an approach may rest on the order or beauty of the natural
world, both of which are considered to have apologetic
implications.

2. Natural theology designates a theology that comes ‘naturally’ to
the human mind – that is to say, without the aid of divine
revelation. It can be considered as a demonstration of the
intrinsic rationality of the Christian faith using natural forms of
reasoning. Anselm's so‐called ‘ontological’ argument for the
existence of God is a good example of such an approach. Anselm
makes no appeal to revelation in justifying the rationality of
faith in the Proslogion, and does not engage with the natural
world, focusing instead on human reasoning patterns, and
pointing to their implications.

Both the two approaches to natural theology just outlined take their
starting points within the world of nature and point towards a
generic divinity, which then requires correlation with a more specific
understanding of divinity, such as the Christian concept of God.

So what about approaches to natural theology that originate from
within a community of faith and are informed by its distinctive
beliefs? We shall consider two approaches of this form.

3. Natural theology is to be understood primarily as a ‘theology of
nature’ – that is, as a specifically Christian way of seeing or
understanding the natural world, reflecting the core
assumptions of the Christian faith, to be contrasted with or



opposed to secular or naturalist accounts of nature. The
movement of thought here is from within the Christian tradition
towards nature, rather than from nature towards faith (as in the
second approach, noted above). This approach presupposes
divine revelation and reflects the specific understanding of
nature which results when nature is viewed from this
perspective. It originates from within the Christian tradition and
enacts a specifically Christian mode of seeing the natural order.

4. Natural theology is the intellectual outcome of the natural
tendency of the human mind to desire or be inclined towards
God. This approach traditionally makes an appeal to the ‘natural
desire to see God’, developed by Thomas Aquinas and others,
although it can be formulated in a number of ways – such as
Bernard Lonergan's assertion of an innate tendency of the
human intellect to understand existence. On this approach, it is
natural for the human mind to seek for God; natural theology is
the outcome of this quest, grounded in some intellectual or
imaginative ‘homing instinct’ within humanity.

Other approaches can, of course, be discerned and developed. The
point to be appreciated is that ‘natural theology’ designates a
multifaceted intellectual enterprise, resistant to definition but rich in
applications, which explores possible connections between the world
of nature and a transcendent reality – such as the Christian concept
of God. Those connections are multiple and complex. Traditionally,
these have focused on reflection on God as an explanation for the
beauty and regularity of nature, using inductive, abductive, and
deductive modes of argumentation. Yet other approaches must be
noted, particularly the classical Renaissance metaphor of ‘God's Two
Books’, the origins of which can be tracked back to the early medieval
period. This strongly visual metaphor invites us to see God as the
author or creator of two distinct yet related ‘books’ – the ‘Book of
Nature’ and the ‘Book of Scripture’ – and thus to imagine nature as a
readable text which requires interpretation in a manner comparable
to the Christian interpretation of the Bible.

The strengths and limits of such an approach can be seen in the
writings of the physicist and theologian John Polkinghorne. His
starting point is that while theology and the natural sciences diverge



in their research methods, they share a vision of a deepened
understanding of our world. ‘Theology and science differ greatly in
the nature of the subject of their concern. Yet each is attempting to
understand aspects of the way the world is.’ Aware of the limits and
shortcomings of ‘physico‐theology’, Polkinghorne argued for a ‘new
natural theology’ which is both revived and revised. This approach to
natural theology sees it as supplementing the explanations of the
natural sciences, rather than considering itself as a rival or
competitor to scientific explanation. ‘The God of physico‐theology
consequently was the God of the gaps, a pseudo‐deity purporting to
supplement scientific explanation where it was currently lacking, and
so always liable to be declared redundant when further scientific
advance provided its own explanation.’

Polkinghorne's ‘new’ natural theology makes no claims to prove the
existence of God, but argues that its approach offers insight into a
broader engagement with the natural world, in that it offers a more
satisfying account of nature than its atheist or naturalist alternatives.
While science itself does not appear to need any theological
supplementation within its own distinctive domain, it nevertheless
raises questions which it cannot answer on the basis of its own
working methods. ‘There are metaquestions, which arise from our
scientific experience and understanding but which point us beyond
what science by itself can presume to speak about.’ These
‘metaquestions’ are addressed by the new natural theology.

A good example of such metaquestions are these:

Why is science, in its modern developed form, possible in the
first place?

Why is the physical universe so rationally transparent to us, so
that we can discern its pattern and structure, even in the
quantum world, which bears little relation to our everyday
experience?

Why is it that some of the most beautiful patterns proposed by
pure mathematicians are actually found to occur in the structure
of the physical world?



Natural theology offers an explanatory framework which
supplements – not displaces – that of the natural sciences, allowing a
fuller and deeper grasp of their potential and limits.

Polkinghorne suggests that another example of a metaquestion arises
from the observation of the fine‐tuning of the universe, often
expressed in terms of the ‘anthropic principle’. Why is the universe
apparently ‘just right’ for life? This new natural theology offers the
insight that our universe can be seen as a ‘creation which has been
endowed by its Creator with the exact conditions necessary for its
fruitful history.’

Polkinghorne thus rejects the idea of natural theology as a
freestanding means of demonstrating the existence of God. His
argument is that natural theology rightly belongs within ‘the fold of
general theological inquiry’, and that it aims to offer enhanced
insight into the way the world is by complementing or
supplementing the sciences, rather than seeking to displace them.

There are several uses to which a natural theology may be put. One,
as we have seen, is to affirm the intellectual legitimacy of a dialogue
between science and religion – perhaps seeing each as offering
different yet potentially complementary insights into a complex
world. Yet natural theology can also serve an additional function – to
raise questions about the legitimacy of ‘scientism’, particularly
through highlighting the impoverished vision of nature which arises
from taking the view that science alone determines our
understanding of, and attitudes towards, the natural world.

This anxiety about the limits of the natural sciences in our quest for
meaning is echoed in ‘Lamia’, the 1820 poem of John Keats, which
raises concerns about the potentially impoverishing effect of
reducing the beautiful and awesome phenomena of nature – such as
a rainbow – to the abstract logic of scientific theory. Such a
reductionist strategy is aesthetically impoverishing, emptying nature
of its beauty and mystery, and reducing it to something cold and
clinical.



Do not all charms fly

At the mere touch of cold philosophy?

There was an awful rainbow once in heaven:

We know her woof, her texture; she is given

In the dull catalogue of common things.

Philosophy will clip an Angel's wings …

The key to Keats’ concern lies in his reference to ‘clipping’ an angel's
wings. For Keats, the natural world is – and is meant to be – a
gateway to the realm of the transcendent. Human reason can grasp
something of the real world; its insights are supplemented by the
capacity of the human imagination to reflect on what lies beyond the
reach of the empirical method. Keats, like many other Romantic
poets, prized the human imagination, seeing this as a faculty which
allowed insights into the transcendent and sublime. Reason, in
contrast, kept humanity firmly anchored to the ground, and
threatened to prevent it from discovering its deeper spiritual
dimensions.

For Keats, a rainbow is meant to lift the human heart and
imagination upwards, intimating the existence of a world beyond the
bounds of experience. For scientistic writers, such as Richard
Dawkins, the rainbow remains firmly located within the world of
human experience, possessing no transcendent dimension or
capacity. The fact that it can be explained in purely natural terms is
assumed to prevent it from having any significance as an sign of
something which lies beyond it. The ‘angel’ that was, for Keats,
meant to lift our thoughts heavenwards has had its wings clipped; it
can no longer do anything save mirror the world of earthly events
and appearances, in that any link with a possible transcendent world
has been ruptured.

For theists, this imaginatively deficient and rationally truncated
understanding of the natural world can be challenged and corrected
through a natural theology. Such a natural theology is able to enrich
a scientific narrative by preventing it from collapsing into what Keats
censured as a ‘dull catalogue of common things’. A natural theology
provides a framework for an informed imaginative engagement with



nature, allowing it to be appreciated for its beauty, not simply treated
as an object of rational dissection. One of scientism's most disturbing
features is its excessive rationalism, which prevents any serious
engagement with the deeper levels of the natural world, including its
affective impact upon us.

A Metaquestion: Creation and the Uniformity of
Nature
John Polkinghorne developed the idea of a ‘metaquestion’ in
considering the relation of science and religion. ‘There are
metaquestions, which arise from our scientific experience and
understanding but which point us beyond what science by itself can
presume to speak about.’ An excellent example of such a
metaquestion concerns the uniformity of nature, which the natural
sciences are required to assume, but which they cannot prove.

In his 1912 work The Problems of Philosophy, the British
philosopher Bertrand Russell raised some difficult questions
concerning the scientific method, noting that the scientific enterprise
apparently depended on certain unjustifiable assumptions. The
essential difficulty noted by Russell is that the scientific method is
obliged to assume the uniformity of nature in order to proceed yet
cannot itself substantiate this implicit assumption. ‘The belief in the
uniformity of nature is the belief that everything that has happened
or will happen is an instance of some general law to which there are
no exceptions.’ But what are the grounds of this belief, which is
arguably foundational to the scientific method?

Science may uncover regularities and uniformities; nevertheless, past
patterns of regularity cannot be regarded as leading to any degree of
certainty. ‘The man who has fed the chicken every day throughout its
life wrings its neck instead, showing that more refined views as to the
uniformity of nature would have been useful to the chicken.’ The
issue here concerns the limits of inductive reasoning – an issue
raised by David Hume yet developed more rigorously here by
Russell.



Thus our inductive principle is at any rate not capable of being
disproved by an appeal to experience. The inductive principle,
however, is equally incapable of being proved by an appeal
experience. … Thus all knowledge which, on a basis of experience
tells us something about what is not experienced, is based upon a
belief which experience can neither confirm nor confute, yet
which, at least in its more concrete applications, appears to be as
firmly rooted in us as many of the facts of experience.

Russell thus argues that empirical investigation cannot provide a
justification of induction (or associated concepts such as the
uniformity of nature) in that any such inductive or empirical
justification of induction would simply beg the question. As Russell
put this point in a later work, ‘the principle itself cannot, without
circularity, be inferred from observed uniformities, since it is
required to justify any such inference.’

The philosophical relevance of the doctrine of creation to the natural
sciences was explored in the Oxford philosopher Michael Foster's
classic yet neglected article published in 1934, entitled ‘The Christian
Doctrine of Creation and the Rise of Modern Science’. In this paper,
Foster set out the way in which a belief that the natural order was
created had major consequences for scientific inquiry. While Foster
focused his attention particularly on the developments of the
seventeenth and eighteenth centuries, it will be clear that his analysis
continues to have relevance for subsequent developments.

Foster argues that the ‘metaphysical implications of Christian
dogma’, especially in relation to the notion of creation, provided an
intellectual foundation for a scientific analysis of nature. The
methods of the natural sciences reflect a series of assumptions about
nature which rested on Christian beliefs concerning God and
creation. As part of his analysis, Foster offers the observation that
the displacement of pagan ideas of creation (especially those resting
on the idea of a ‘demiurge’) by Christian ideas was an essential
historical precondition for the emergence of the natural sciences.

Foster suggested that a Christian doctrine of creation made possible
a specific outlook to nature which encouraged the rise of the natural
sciences. The doctrine of creation ex nihilo allowed the scientist to



approach nature with the expectation that the divine rationality
would be reflected in its structures and workings:

Hence are derived two assumptions which will easily be
recognized to be fundamental assumptions of modern scientific
method: the first the assumption that the scientist has to look
nowhere beyond the world of material nature itself in order to
find the proper objects of his science; the second (which is really a
corollary of the first) that the intelligible laws which he discovers
there admit of no exception. Both are consequences of the
doctrine that the material world is the work, not of a Demiurge,
but of an omnipotent creator. … A divine Creator who is not
limited by a recalcitrant material can embody his ideas in nature
with the same perfection in which they are present to his intellect.

Foster contrasts this Christian notion of God with those he found in
his reading of classic Greek philosophy and suggested that only the
former could offer an intellectual basis for the methods of the natural
sciences. Foster attempted to distinguish the Christian and Greek
views of nature and identify their importance for the natural
scientist. He located the most fundamental distinction between the
Greek and Christian conceptions of nature as lying in the concept of
creation. To assert that the world is created is to make a series of
significant statements concerning nature:

Nature, on the Greek view, includes everything. It includes men
and gods (men and gods are fellow‐citizens of the universe, says
Cicero, reproducing a Stoic view); men and gods spring from a
common origin, said Hesiod … Science of nature is a
contemplative study; it proceeds from sensuous contemplation of
the appearances of divinity to intellectual contemplation of the
divine in itself. … On the Christian conception, on the other hand,
nature is made by God, but is not God. There is an abrupt break
between nature and God. Divine worship is to be paid to God
alone, who is wholly other than nature. Nature is not divine.

Although Foster's approach requires some qualifications, it
highlights the significance of Polkinghorne's point that science is
dependent on certain critical assumptions that it cannot itself



provide, yet which are provided with intellectual stability through a
theological framework.
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Chapter 5 
Models and Analogies in Science and
Religion
How do we visualize complex systems? How do we form mental
images of unobserved entities as we try to understand them and then
work out ways of exploring them further? One of the most intriguing
aspects of the interface between science and religion is the use of
‘models’ or ‘analogies’ as visual aids to depict complex entities –
whether the entity in question is an atomic nucleus or God. The
philosopher of science Ernan McMullin thus points to scientific
models as a way of representing and organizing observations of the
world, while pointing towards the hidden structures of the world that
underlie these observations.

Scientists construct theories which explain the observed features
of the physical world by postulating models of the hidden
structure of the entities being studied. This structure is taken to
account causally for the observable phenomena, and the
theoretical model provides an approximation of the phenomena
from which the explanatory power of the model derives.

A similar point is made by the philosopher of science Peter Godfrey‐
Smith, who points out that the scientific use of models often involves
developing deliberate simplifications which are designed to make
problems more tractable.

A model is an imagined or hypothetical structure that we describe
and investigate in the hope of using it to understand some more
complex, real‐world ‘target’ system or domain. Understanding is
achieved via a resemblance relation, that is, some relevant
similarity, between the model and the real‐world target system.

Godfrey‐Smith's point is that models are not meant to be exact
representations of a complex entity or system; they resemble it at
points, and are thus able to stimulate the formulation of research



questions and methods designed to allow a deeper understanding of
the more complex reality – and hence the development of more
reliable models. Yet these models do not need to be physical
analogies – such as the famous ‘solar system’ model of the atom,
developed by Ernest Rutherford in the early twentieth century – as
some scientific models take the form of mathematical
representations.

In this chapter, we shall explore the different ways in which these
‘visual aids’ are developed and deployed in science and religion. Are
they simply helpful ways of visualizing the invisible and inaccessible?
We need to be able to imagine such things as electrons, protons, and
atomic nuclei – and God. Or do they also generate a research
programme, thus opening up new lines of inquiry, exploration, and
understanding?

Models serve an important psychological function, in that they allow
human beings to discern rational sense within what often appears to
be a formless and disordered world. In 1897, the psychologist
William James highlighted the perceived human need to find a way
of overcoming the messiness and conceptual fluidity of the world by
the use of models and theories, in order to bring its (assumed)
rationality into sharper focus.

All the magnificent achievements of mathematical and physical
science – our doctrines of evolution, of uniformity of law, and the
rest – proceed from our indomitable desire to cast the world into a
more rational shape in our minds than the shape into which it is
thrown there by the crude order of our experience. The world has
shown itself, to a great extent, plastic to this demand of ours for
rationality.

Yet James hints that this perception of order, reinforced through the
selective use of models, may originate as much in our desire to find
such rational structures as in what the universe itself discloses.

The representation of reality in science and religion is often framed
in terms of models, metaphors, and analogies. So do these three
categories of representation represent different points on an
essentially continuous spectrum of intellectual possibilities, or are
they distinct approaches to the process of imaginative



representation? Might scientists or theologians be misled in their
thinking, by confusing the categories of metaphor and analogy –
assuming that there is a genuine difference between them in the first
place? Several scholars have attempted to clarify the distinct features
of models, metaphors, and analogies, and how these might affect
their use in science and religion. The philosopher of science Daniela
Bailer‐Jones, for example, points out how these three categories are
employed across disciplines, making it difficult to establish their
precise nature and function. Bailer‐Jones suggests that a model can
be thought of as ‘an interpretative description of a phenomenon that
facilitates access to that phenomenon’. This highlights the heuristic
function of a model, and helps us understand that, by focusing only
on certain aspects of the phenomenon, it yields at best partial access
to the phenomenon.

Bailer‐Jones considers a metaphor to be ‘a linguistic expression in
which at least one part of the expression is transferred from one
domain of application (source domain), where it is common, to
another (target domain) in which it is unusual, or was probably
unusual at an earlier time when it might have been new’. This
emphasizes the creative and imaginative aspects of a metaphor, and
also allows us to understand how metaphors can lose their
innovative force over time. In the case of an analogy, Bailer‐Jones
points to the importance of a resemblance between relations across
two different domains, helping to make the transition from an
unfamiliar or new phenomenon to a familiar or more readily grasped
concept.

In this chapter, we shall consider the use of models, metaphors, and
analogies in science and religion. It must be made clear from the
outset that there is no general agreement on what the terms model,
metaphor, and analogy mean, and how they are to be distinguished
from each other. To explore this issue, we shall consider how models,
metaphors, and analogies are developed and used in both science
and theology, before turning to explore how Ian Barbour applied
them to the specific case of science and religion.

The Use of Models in the Natural Sciences



Models are generally understood as ways of thinking about, or
representing, complex systems, which both aid visualization of the
system and also provide a provisional way of understanding the
system which is based on something that is already familiar to us.
This allows us to draw tentative inferences and to form testable
hypotheses about the more complex system on the basis of the
simpler or more familiar model.

As will be evident from the brief analysis presented above, the
philosopher of science Daniela Bailer‐Jones developed a coherent
understanding of models, metaphors, and analogies, although there
are clear zones of overlap between these categories. Yet her views
might not be shared by scientists and theologians, given the
significant degree of definitional ‘fuzziness’. In a series of interviews
with research‐active scientists in the United Kingdom, Bailer‐Jones
invited them to set out what they understood scientific models to be,
and how they considered them to function in scientific research
programmes. These interviews point to a considerable variety of
usage of the concept of model.

In general terms, Bailer‐Jones found that scientists tend to think of
models as ‘simplifications’ of the system that is being modelled. For
the biogeochemist Nancy Dise, this is a central element of her
understanding of a scientific model:

Generally I would consider a model a simplification of the system,
incorporating the most – what you consider to be the most –
important elements of that system. So you are describing the
system, but you are not describing it in all of its detail.

Bailer‐Jones's interviews with working scientists led her to draw five
general conclusions about how scientists understood the role of
models in their research, as follows:

1. Modelling is widely thought to be central to doing science. This
is a comparatively recent shift away from concern with theories.

2. There is considerable diversity in how models are understood,
with several definitions and descriptions of scientific models
being adopted.



3. Models are commonly characterized by simplifications and
omissions with the aim to ‘capture the essence’ of what is being
modelled.

4. Models are thought to provide insight and they do not do this by
purely matching data.

5. While models have a range of features already specified, they are
also expected to be subject to empirical testing.

As Bailer‐Jones's interviews make clear, natural scientists regularly
develop and use models to depict at least certain aspects of complex
systems. A model is understood to be a simplified way which has
been developed by researchers with the specific purpose of
representing a complex system, which allows its users to gain an
increased understanding of at least some of its many aspects. These
models are invented, deliberately constructed to enable their users to
visualize and interpret, if only in part, a complex system, and make
predictions about its behaviour.

One of the most familiar of these models is the ‘solar system’ model
of the atom, which was developed in December 1910 by the
Cambridge physicist Ernest Rutherford. In view of the importance of
this model, we shall consider the circumstances that led Rutherford
to develop it. The initial discovery that motivated Rutherford to
develop his ‘solar system’ model of the atom was made by his
collaborators Hans Geiger and Ernest Marsden in 1909. To
understand this experiment, we need to set it in its proper context.

Rutherford's breakthrough arose through his studies of radioactivity
– the process in which unstable atomic nuclei spontaneously
decompose to form more stable nuclei by the release of energy and
subatomic particles. One of Rutherford's most important discoveries
took place in 1899, when he showed that radioactive elements – such
as radium – emitted what he referred to as alpha rays, beta rays, and
gamma rays. It was later realized that the so‐called ‘alpha rays’ were
really positively charged helium nuclei, ‘beta rays’ were negatively
charged electrons, and ‘gamma rays’ were high energy
electromagnetic radiation.

In 1904, following the discovery of the electron, the British physicist
J. J. Thomson proposed what has come to be known as the ‘plum



pudding’ model of the atom. Thomson suggested that atoms were
analogous to the familiar English delicacy of a ‘plum pudding’
(American readers might like to substitute a blueberry muffin at this
point), in which the negatively charged electrons (the plums or
blueberries) were dispersed throughout a positive spherical matrix
(the pudding or muffin as a whole). Thomson's model successfully
accommodated the two empirical findings about atoms that were
known at this time: that electrons are negatively charged particles
and that atoms have no overall electric charge. The concept of a
dense central ‘atomic nucleus’ was not known to Thomson. For
Thomson, the atom consisted of a round solid area, which was
positively charged. Electrons were embedded within this solid area.
The overall negative charge of the electrons was precisely balanced
by the overall positive charge of the solid area, so that the atom itself
possessed no overall charge.

In a series of experiments between 1908 and 1913, Rutherford and
his junior colleagues Hans Geiger and Ernest Marsden looked at how
positively charged alpha particles (the term ‘rays’ had been dropped
by this stage) were scattered when they impacted gold atoms. A beam
of alpha particles was projected at strips of gold leaf that were only a
few atoms thick, and the extent of their deflection from their original
line of motion measured. On the basis of Thomson's model of the
atom, it was predicted that the stream of alpha particles would be
consistently deflected from their original trajectories by a few
degrees. Both alpha particles and the atomic nucleus were positively
charged. When an alpha particle came close to the nucleus, it would
experience electrostatic repulsion, and so would be deflected.

Geiger and Marsden, however, found that most alpha particles
passed through the gold foil with hardly any deflection, whereas a
small number (about 1 in 8000) were deflected by very large angles.
Rutherford was astonished by this result and realized that a new way
of thinking about the structure of the atom was needed.



It was quite the most incredible event that has ever happened to
me in my life. It was almost as incredible as if you fired a 15‐inch
shell at a piece of tissue paper and it came back and hit you. … I
saw that it was impossible to get anything of that order of
magnitude unless you took a system in which the greater part of
the mass of the atom was concentrated in a minute nucleus. It was
then that I had the idea of an atom with a minute massive centre,
carrying a charge.

Rutherford realized that this completely unexpected result meant
that the atom's mass was not uniformly dispersed throughout the
atom, but was highly concentrated in an extremely small positively
charged region (the nucleus), which was surrounded by electrons.
The atom did not consist of a uniformly dense substance, but had a
super‐dense core surrounded by empty space. A way of visualizing
the atom was required, which would help experiments to be devised
to further clarify the structure and properties of the atom.

Rutherford's new model of the atom portrayed the nucleus as its
centre of mass, with electrons dispersed in space around it –
analogous in some ways to the sun as the centre of the solar system.
Imagining an atom as a miniature solar system helped to visualize
the structure of the atom, as this was revealed by the deflection of
alpha particles. The atom consists of a central body (the nucleus), in
which practically the entire mass of the atom is concentrated.
Electrons orbit this nucleus, in much the same way as the planets
orbit the sun. Whereas the orbits of the planets were determined by
the gravitational attraction of the sun, Rutherford argued that the
orbits of the electrons were determined by the electrostatic attraction
between the negatively charged electrons and the positively charged
nucleus. The model was visually simple and easy to understand and
offered a theoretical framework which explained at least some of the
known behaviour of atoms at this time.

Once a model has been constructed and tested, it can be developed in
such a way that it includes some more complicated features of the
system which were initially ignored in constructing the model. To
help us reflect on this issue, we shall consider one of the simplest and
most familiar scientific models – the ‘kinetic model’ of gases.



The Kinetic Model of Gases
The behaviour of gases was studied in some detail from the
seventeenth century onwards, particularly by the English physicist
Robert Boyle and the French physicist and inventor Jacques Charles
(whose inventions included the hydrogen balloon in 1783). A series
of experiments examined the way in which gases behaved when their
pressure, volume, and temperature were changed. In general terms,
the volume of a gas is inversely proportional to its pressure and
directly proportional to its temperature, expressed in kelvin.

Detailed experiments by Boyle and Charles showed that the
behaviour of gases could be described in terms of a series of laws,
which applied to all gases at low pressures, irrespective of their
chemical identity. The two most famous such laws are known as
‘Boyle's law’ and ‘Charles' law’, and they can be formulated as
follows:

where p is the pressure of the gas, V its volume, and T its
temperature, expressed in terms of the temperature scale devised by
Lord Kelvin according to which 0° centigrade is 273.15 kelvin. (This
scale thus identifies the temperature of ‘absolute zero’ as −273.15
°C.) The ‘perfect gas equation’, which combines these two laws and
other observations, can be formulated as:

where R is the gas constant (8.31451 J K−1 mole−1) and n the number
of moles of gas present. This equation holds universally, irrespective
of the identity of the gas in question.

So how can this behaviour be explained? The ‘kinetic model’ of gases
offers a way of visualizing an ideal gas, allowing its behaviour to be
predicted and understood. The term ‘kinetic’ comes from the Greek
term kinesis (‘movement’) and refers to the key feature of this model



of a gas – namely, that gas molecules move around and are not static.
The ‘kinetic model’ is grounded on three basic assumptions:

1. A gas consists of molecules in ceaseless random motion, which
do not interact in any way (for example, by being attracted to
each other by their mass, or repelled from each other by an
electrostatic charge).

2. The size of the molecules is negligible, in that their diameter is
assumed to be insignificant in comparison with the mean
distance travelled by the molecule between collisions.

3. On striking the walls of their container, gas molecules make
perfectly elastic collisions, in which the translational kinetic
energy of the molecule remains unchanged. In other words, it is
assumed that the gas molecules do not slow down as a result of
colliding with the walls of the container.

In effect, the model suggests that we think of gas molecules as pool
or billiard balls, moving around within a container, and constantly
colliding with its walls. It is quite easy to use this model to predict
how pressure, volume, and temperature are related. For example, the
pressure on the container can be calculated in terms of the rate of
change of momentum of gas molecules. The gas laws noted above
can be derived theoretically on the basis of this model of gases,
suggesting that the kinetic theory is a good basic model for these
systems.

The model is very simple, and thus does not take account of some
more complex features of the behaviour of gases. For example, it
assumes that the volume occupied by gas molecules is negligible, so
that the portion of the overall gas volume occupied by those
molecules can be disregarded in calculations. While this is true at
low pressures, it becomes a more serious complication at higher
pressure. The model also ignores inter‐molecular collisions and
forces (which are insignificant at low pressure) and focuses on the
way those molecules impact on the walls of the container. The terms
‘perfect gas’ or ‘ideal gas’ are used to make it clear that this
theoretical neatness is not actually observed in real gases!



This model can be made more sophisticated, to allow for the more
complicated aspects of the system to be modelled. As noted, the
model does not take account of the fact that gas molecules have a
definite size. This fact can be ignored at low pressures; at high
pressures, however, the volume occupied by the gas molecules begins
to become significant. This can be incorporated into the
mathematical modelling of the system as follows. Earlier, we saw
how the behaviour of gases could be predicted using the following
formula:

This formula assumes that the gas molecules are of negligible size. A
small adjustment to the formula allows it to take account of the finite
size of the molecules. If b is the actual volume occupied by the gas
molecules, then the behaviour of that gas is given by the formula:

This pattern is a basic feature of the development and application of
scientific models. The basic features of the pattern that emerges can
be set out as follows:

1. The behaviour of a system is investigated, and certain patterns
are noted – for example, that compressing a gas leads to an
increase in its temperature.

2. A model is developed, which aims to explain the most important
observations of the way that the system behaves.

3. The model is found to have weaknesses at a number of points,
often on account of its simplicity.

4. The model can then be made more complex, in order to take
account of these weaknesses.

Models are clearly useful ways of visualizing or understanding
complex systems. However, they can be misunderstood. Two
misunderstandings can arise through the use of models in the
natural sciences. First, some assume that models are identical with
the systems with which they are associated. Rutherford's model of



the atom helps us understand some of the features of atoms – such
as the concentration of mass in a very small space – if we think of
them as miniature solar systems, with electrons orbiting a central
nucleus like planets orbiting the sun. Yet this is simply a helpful
visual representation of an atom, which assists explanation and
interpretation. It is to be taken seriously (in that it clearly bears
some relation to the system that is being modelled); it is not,
however, to be taken literally.

The second error that can be made is to assume that every aspect of
the model is necessarily present in the system being modelled. The
model and system that is being modelled will resemble each other in
some ways, but not in others. To help us understand this second
point, we shall consider an excellent example of this problem – the
assumption that, since sound seemed to be a useful analogy for light,
and sound required a medium through which it would travel, this
was also true of light.

Complementarity: Light as Wave and Particle
Eighteenth‐century physicists disagreed about the nature of light.
Some considered it to be beams of tiny particles; others considered
light to be a form of wave motion. In his Optics (1704), Newton took
the view that a beam of light consisted of a series of rapidly moving
small particles or ‘corpuscules’ (from the Latin term corpuscula,
‘small bodies’). The reflection of light by a mirror was analogous to
throwing balls at a wall, and observing them bounce back. The Dutch
physicist Christiaan Huygens disagreed, arguing that light was made
up of waves, and that some aspects of its behaviour were best
accounted for on the basis of this model.

Newton's particle theory of light came to dominate physics during
the eighteenth century. It led to two important predictions. The first
of these predictions was made by the English natural scientist John
Mitchell in a paper presented to the Royal Society in 1783. Since light
consisted of a beam of particles which would be attracted by the
gravitational pull of a star, Mitchell argued that some stars might be
so massive that their gravitational forces would prevent beams of
light from ever leaving their surfaces. Like Newton's famous apple,
these particles of light would simply fall to the ground. Mitchell thus



proposed the existence of ‘dark stars’, which could not be seen
because light was unable to break free from the force of their gravity.
Mitchell's calculations suggested that this would happen if the star
was 500 times the mass of our sun. Today, these dark stars are
known as ‘black holes’.

Second, if light consisted of a beam of particles, Newton's theory of
gravitation predicted that these particles would travel in a straight
line, unless they were deflected by gravity. In 1804, the German
mathematician Johann Georg von Soldner published a paper
calculating the amount by which a beam of light would be deflected
by the gravitational field of a star – such as the sun. Von Soldner
concluded that the predicted effect was far too small to be observed
by the instruments of his time, so nobody followed through on this.

Yet during the nineteenth century, a growing body of experimental
evidence suggested that light was better understood as a wave
motion. In 1801, the English physicist Thomas Young devised a
‘double slit’ experiment that suggested that light behaves like ripples
or waves on a pond of water. By the middle of the nineteenth
century, this way of thinking about light had gained the ascendancy.
Light, like sound, was understood as a form of wave motion.

Many physicists now pressed home the analogy between light and
sound, and drew conclusions from this which are now regarded as
unsafe and overextended. Sound requires a medium – such as air or
metal – through which to travel. If a source of sound – such as a
ringing bell – is placed in a glass vessel, and the air is pumped out,
the intensity of the sound will gradually decrease and finally vanish.
Sound has to travel through something, and cannot travel in a
vacuum. Many physicists concluded that, since sound needed a
medium to travel through, and light was analogous to sound, then
light had to travel through something as well. But what? The term
‘luminiferous ether’ (‘luminiferous’ means ‘light‐bearing’) was used
to refer to this invisible substance that was believed to fill empty
space, and hence allow light to travel through space.

Yet this aspect of the analogy turned out to be incorrect. Light does
not need to travel through any medium. There is no ‘ether’. The
Michelson–Morley experiment of 1887 was designed to detect ‘ether
drift’ – that is, the motion of the ether with respect to the earth as the



earth moved through space. It failed, although it took some time for
the implication of the negative result to be fully accepted and
understood within the scientific community. Either the ether was
totally at rest with regard to the movement of the earth, or it did not
exist. In the end, it had to be accepted that there was no
experimental support for the existence of ‘luminiferous ether’. At
least in this respect, there was a fundamental distinction between
light and sound.

Everything changed in 1905, when Albert Einstein offered a brilliant
theoretical account for the photoelectric effect, which suggested that
light had to be considered as behaving as particles under certain
conditions. Einstein was careful to present this idea instrumentally –
in other words, that it was a helpful way of thinking about light. Yet it
rapidly morphed into a realist account of light as a stream of what
later came to be known as ‘photons’.

The ‘photoelectric effect’ was first observed in 1887 by the German
physicist Heinrich Hertz, and investigated more thoroughly later by
Hertz's colleague Philipp Lenard. In an article of 1902, Lenard
showed that if a beam of light was shone on certain metals, it was
able to eject electrons from the surface of some metals. Lenard's
experiments found that the rate of emission of electrons from the
surface of the metal was directly proportional to the intensity of light
falling on it. The brighter the light, the more electrons were
dislodged from the metal surface. Yet Lenard also found that the
brightness or intensity of the beam of light falling on the metal
surface seemed to have no effect on the energy of these emitted
electrons. The electrons emitted through exposure to a very bright
light turned out to have the same energy as those emitted through
exposure to a very dim light. Furthermore, photoelectrons were only
emitted if the frequency of the light exceeded a threshold frequency,
which varied from one metal to another.

These observations made no sense within existing understandings of
the nature of light. Einstein argued that the photoelectric effect was
best understood in terms of a collision between an incoming particle‐
like bundle of energy (that is, light) and an electron close to the
surface of the metal. The electron could only be ejected from the
metal if the incoming packets of light (or particle‐like bundles of



energy, now known as ‘photons’) possessed sufficient energy to
dislodge this electron. The critical factor which determines whether
an electron is ejected is not the intensity of the light, but its
frequency. Furthermore, if the energy of the incoming bundle of light
is less than a certain quantity (the ‘work function’ of the metal in
question) no electrons will be emitted, no matter how intense the
bombardment with light. It was a brilliant piece of analysis, and led
to Einstein being awarded the Nobel Prize in Physics in 1921 ‘for his
services to Theoretical Physics, and especially for his discovery of the
law of the photoelectric effect.’

Einstein's suggestion met with intense opposition before the First
World War, not least because it appeared to involve the
abandonment of the prevailing classical understanding of the total
exclusivity of waves and particles: something could be one, or the
other – but not both. Gradually, Einstein's view gained acceptance,
so that light is now thought of in terms of ‘photons’, which exhibit
the properties of both waves and particles. The behaviour of light is
sometimes best explained as a particle, and sometimes as a wave. So
how was the behaviour of light to be expressed in terms of its
ontology – in other words, the nature of light?

By the 1920s, it was clear that the behaviour of light was such that it
required to be explained on the basis of a wave model in some
respects and a particle model in others. The work of Louis de Broglie
suggested that even matter had to be regarded as behaving as a wave
in some respect. These theories led the Danish theoretical physicist
Niels Bohr to develop his concept of ‘complementarity’. For Bohr, the
classical models of ‘waves’ and ‘particles’ were both required to
explain the behaviour of light and matter. This does not mean that
electrons ‘are’ particles or that they ‘are’ waves; it means that,
whatever they ultimately are, their behaviour may be described on
the basis of wave or particle models, and that a complete description
of that behaviour requires two mutually exclusive ways of
representing them to be used.

This is not an intellectually shallow and lazy expedient of affirming
two mutually exclusive options instead of attempting to determine
which is the superior. As has been stressed, it was – for Bohr – the
inevitable outcome of a series of critical theories and experiments



which demonstrated the impossibility of representing the situation
in any other manner. In other words, Bohr held that the
experimental data at his disposal forced him to the conclusion that a
complex situation (the behaviour of light and matter) had to be
represented by using two apparently contradictory and incompatible
models. This principle of holding together two apparently
irreconcilable models of a complex phenomenon in order to account
for its behaviour is known as the ‘principle of complementarity’.

Analogical Reasoning: Galileo and the Mountains
of the Moon
Galileo Galilei is widely – and rightly – regarded as one of the most
significant scientific researchers of the early modern period and is
particularly associated with major astronomical discoveries through
the use of the newly invented telescope. Galileo was the first to
observe the four major moons of the planet Jupiter during the winter
of 1609–1610, the dense starry structure of the Milky Way, and the
mountains of the moon.

Yet these familiar statements need further exploration. Did Galileo
really observe mountains on the moon? After all, his telescope only
permitted him to study the surface of the moon in two dimensions.
What Galileo actually observed through his telescope was changing
patterns of light and darkness on the surface of the moon, which he
subsequently interpreted as evidence for the existence of mountains,
analogous to those found on earth. He interpreted his observations
of the changing patterns of light and darkness on the face of the
moon as the result of the changing position of the sun as the moon
orbited the earth, so that the shadows cast by the lunar mountains
varied in extent and intensity over the period of moon's orbit around
the earth.

In a careful study of the logical structure of Galileo's conclusion that
he was observing mountains on the surface of the moon, and not
simply shifting patterns of light and darkness, the historian and
philosopher of science Marta Spranzi identified the core elements of
the analogical argument that led him to these conclusions.



1. We are familiar with the terrestrial phenomenon of mountains
and plains being illuminated by the sun in different ways,
leading to different patterns of light and shade.

2. Suppose that we were able to stand at some distance from the
earth – for example, on the surface of the moon. What would we
see as we watched these changing patterns on the face of the
earth? What would they look like if we were to draw them in two
dimensions? Galileo is known to have done this, using his
knowledge of the use of perspective in art. Although this image
depicts an imagined reality, Galileo was clear that the
Renaissance theory of perspective was sufficiently reliable to
allow this to be done with confidence.

3. Now suppose that we were to draw the different images of the
shadows and patches of light that we observe on the moon using
a telescope at different times during its orbit around the earth.
Again, Galileo is known to have done this.

4. Now imagine that these two drawings – an actual depiction of
the surface of the moon seen through a telescope and an
imagined depiction of terrestrial mountains seen from a
distance – were to be compared. Would they not be significantly
similar, if not identical?

5. By analogical reasoning, we can therefore conclude that the
drawings we made of the moon indicate that we are really
observing the presence of mountains and of valleys on the lunar
surface.

Galileo sets out this argument in detail in his Starry Messenger
(1610), noting how the patterns seen on the surface of the moon
appear to be ridges, illuminated in different ways by the light of the
sun.



A great number of small darkish spots, entirely separated from the
dark part, are distributed everywhere over almost the entire
region [of the Moon] already bathed by the light of the Sun. … All
these small spots just mentioned always agree in this, that they
have a dark part on the side toward the Sun while on the side
opposite the Sun they are crowned with brighter borders like
shining ridges.

This pattern, Galileo argues, is already familiar to use from
terrestrial mountains.

We have an almost entirely similar sight on Earth, around sunrise,
when the valleys are not yet bathed in light but the surrounding
mountains facing the Sun are already seen shining with light. …
Just as the shadows of the earthly valleys are diminished as the
Sun climbs higher, so those lunar spots lose their darkness as the
luminous part grows. … Now on Earth before sunrise, aren’t the
peaks of the highest mountains illuminated by the Sun's rays
while shadows still cover the plain?

Galileo referred to the level areas of the lunar surface as ‘seas’. Again,
his process of arguing is analogical. The nearest things on earth to
these lunar features are the oceans. However, Galileo made the limits
of this analogy clear: there was no reason to suppose that these lunar
‘seas’ contained water. Analogies work within limits; it is important
to identify and respect these.

This argument from analogy is integral to the scientific method.
Puzzling patterns in the natural world can be explained, at least in
part, by proposing an analogy with a familiar set of observations.
This process underlies Darwin's proposal for a process of ‘natural
selection’ within the biological realm, in some way paralleling the
process of ‘artificial selection’ that was widely used in British
agriculture in the 1850s. In view of its importance, we shall explore
this in greater detail in the following section.

Using Scientific Models Critically: Darwin's
Principle of Natural Selection



In his Origin of Species (1859), Charles Darwin proposed ‘natural
selection’ as the underlying process which explained the
phenomenon of biological evolution. Darwin's genius lay not in
showing that biological evolution occurred, but in suggesting a
mechanism that lay behind it. The way in which Darwin developed
the notion of ‘natural selection’ is of particular interest, as it
illustrates clearly some of the issues which arise through the use of
analogies or metaphors in developing scientific theories. Darwin saw
his task as being that of making sense of the bewildering diversity of
plants and animals, both living and extinct, which had generally been
a source of mystery to those who had gone before him.

The first chapter of Origin of Species examined ‘artificial selection’ –
the way in which professional stockbreeders and market gardeners
created new forms of domestic livestock and plants. Darwin then
argued that this process of ‘artificial selection’, which would have
been familiar to his readers, was analogous to a process of ‘natural
selection’ that Darwin believed was taking place within nature itself
over extended periods of time. (The term ‘natural selection’ first
appears in Darwin's writings after March 1840, when he read a
standard manual of cattle management entitled Cattle: Their Breeds,
Management and Diseases, which explained the methods and
results of artificial selection.)

Darwin introduced the term ‘natural selection’ as a metaphorical and
non‐literal means of referring to a process which he believed to be
the most convincing means of explaining the patterns of diversity he
observed within nature.

All my notions about how species changed derive from long‐
continued study of the works of agriculturalists and
horticulturalists; and I believe I see my way pretty clearly on the
means used by nature to change her species and adapt them to
the wondrous and exquisitely beautiful contingencies to which
every living being is exposed.

This passage is significant for two reasons. First, it makes it clear
that Darwin clearly saw an analogy between the familiar process of
‘artificial selection’ and the inferred or proposed – but unobserved
and intrinsically unobservable – process of natural selection.
Second, it also implies the notion of a conscious process of selection.



At points, Darwin speaks explicitly of nature changing her species
and adapting them. The analogy is apparently being allowed to imply
that the active selection of the animal or plant breeder is somehow
paralleled within nature itself. This is certainly suggested by his
frequent references to ‘nature’ as an agent who actively ‘selects’ good
variants.

But is this analogy being pressed too far? Can one speak of nature
‘selecting’ anything, when ‘selection’ would seem to imply purpose,
choice, and intelligence? Darwin's colleague Alfred Russell Wallace
was one of many who was alarmed at Darwin's apparent suggestion
of an active process of selection on the part of a personified nature,
which was thus understood to have the powers of rational analysis
and an intended goal.

The analogy of ‘natural selection’ developed by Darwin transfers the
notions of intention, active selection, and ultimate purpose from the
model (the established procedures of artificial selection) to what the
model is meant to explain or illuminate (the natural order). At both
the verbal and conceptual level, the anthropomorphic concept of
‘purpose’ is retained, despite Darwin's apparent intention to
eliminate any notion of purpose or deliberate design. Darwin himself
came to realize the dangers of his somewhat anthropomorphic
manner of speaking about ‘nature’, and added a preface to the third
edition of Origin of Species (1861) in which he stressed that the idea
of ‘natural selection’ did not imply that nature chose what it wished
to produce.

Darwin's use of the analogy of ‘natural selection’ helpfully illustrates
both the positive and negative aspects of an argument from analogy.
Positively, the analogy allows a complex situation to be illuminated
or partly understood by an appeal to a known and understood event,
process, or action. Yet negatively, it can lead to the transference of
inappropriate aspects of the model to what the model is intended to
explain. Darwin clearly did not intend his readers to understand that
nature acted purposefully and rationally in ‘selecting’ variants. Yet
that, as Darwin discovered, was precisely what the analogy suggested
to many of his readers.

A vivid analogy can easily be misunderstood. The evidence suggests
that at least some of Darwin's readers failed to realize that ‘natural



selection’ was a metaphor and saw it as a literal truth, implying that
nature actively chose its preferred outcomes. We know how Darwin
wanted his readers to interpret the metaphor of ‘natural selection’.
As we noted earlier, Darwin added an explanatory preface to the
third and subsequent editions of Origin of Species, clarifying – and
hence restricting – the meaning of ‘natural selection’. His words
merit close study at this point.

Several writers have misapprehended or objected to the term
Natural Selection. … Others have objected that the term selection
implies conscious choice in the animals which become modified;
and it has even been urged that, as plants have no volition, natural
selection is not applicable to them! In the literal sense of the word,
no doubt, natural selection is a false term; but who ever objected
to chemists speaking of the elective affinities of the various
elements? and yet an acid cannot strictly be said to elect the base
with which it in preference combines. It has been said that I speak
of natural selection as an active power or Deity; but who objects to
an author speaking of the attraction of gravity as ruling the
movement of the planets? Everyone knows what is meant and is
implied by such metaphorical expressions; and they are almost
necessary for brevity. So again it is difficult to avoid personifying
the word Nature; but I mean by Nature, only the aggregate action
and product of many natural laws, and by laws the sequence of
events as ascertained by us.

This passage is of considerable importance, on account of its explicit
affirmation of the analogical or metaphorical nature of the term
‘natural selection’. It is a ‘false term’ – that is, a term which cannot
be pressed to its literal limits of meaning. Darwin makes it clear that,
while the metaphor seems to endorse and embrace the ideas of
‘active choice’ and any personification of the selecting agent (which
might be argued to be essential to the notion of ‘selection’), he did
not intend these to be affirmed by the use of the term ‘natural
selection’.

So what happens if we are presented with an analogy for something
that we cannot directly see – such as God or salvation – and have to
figure out how to interpret it on our own? Darwin was able to
interpret his own analogy for the benefit of his readers. Yet in the



case of religious analogies, to which we now turn, there is no
authoritative interpreter who can tell us precisely how the analogy of
God as ‘shepherd’ or salvation as ‘adoption’ is to be interpreted. As
will become clear, this helps us understand why religious models,
metaphors, and analogies are so powerful in their appeal to the
imagination yet are resistant to yielding closed interpretations.

The Use of Models and Metaphors in Christian
Theology
Christianity, like most religions, uses analogical or metaphorical
language to speak about God and related themes – such as the nature
of salvation. Why? Because these realities exceed the capacity of the
human mind to comprehend them. For this reason, these realities
need to be adapted to human abilities – a process often known as
‘accommodation’. The Christian Bible and the long tradition of
reflection on this text make extensive use of analogies and models,
clearly intended to convey insights about God in simple and
accessible ways. This has two significant outcomes, both of which are
important for any understanding of the religious use of models or
analogies. First, these analogies are seen to be reliable yet incomplete
ways of thinking about God or the transcendent. Second, there is far
more to God or the transcendent than these analogies are able to
convey. The human mind is unable to comprehend God fully, and
can only partly grasp the reality of God, in a way that is informed and
guided by the appropriate use of models, analogies, and metaphors.

This immediately opens up the question of ‘mystery’ – here
understood not as something that is puzzling, but rather something
that is so vast or complex that the human mind struggles to take it in.
When faced with such a situation, we tend to reduce the mystery to
what we can cope with, in effect reducing God to the level of our
conceptualities, rather than expanding our conceptualities so that
they may render the nature of God more effectively. The Swiss
theologian Emil Brunner was alert to the human tendency to reduce
God to what we found to be intellectually manageable. For example,
he argued that the doctrine of the Trinity was to be seen as a ‘security
doctrine’, designed to prevent us from diluting or distorting the
majesty and glory of God through our well‐meaning attempts to



make God intelligible. We shall return to this point later in this
chapter.

Yet the use of analogies and metaphors in theology also highlights
the importance of the human imagination in religious reflection.
Images of any kind invite engagement, opening up rather than
closing down reflection. Many Enlightenment writers who endorsed
this Age of Reason's quest for concise objective answers to questions
resisted the use of metaphors, anxious about their conceptual
fluidity. The seventeenth‐century political philosopher Thomas
Hobbes, for example, spoke of metaphors as ‘senseless and
ambiguous words’, so that ‘reasoning upon them is wandering
amongst innumerable absurdities’. What Hobbes saw as a vice,
others saw as a virtue – a capacity to allow the imaginative
exploration of an image, identifying its multiple possible meanings,
and exploring how these might be evaluated and applied.

So are analogies simply useful illustrations, having no ontological
connection with what they are used to explain? Or is there something
deeper going on, so that analogies or metaphors are meant to have
some connection with what they signify? The specifically Christian
use of metaphors is, many theologians argue, rooted in a doctrine of
creation which confers on certain aspects of the natural and social
world a capacity to signify God as their creator. In what follows, we
shall explore this idea, which is often termed the ‘analogy of being’
(analogia entis). Its most familiar statement is found in the writings
of the thirteenth‐century theologian Thomas Aquinas.

Thomas Aquinas on the Analogia Entis (‘Analogy
of Being’) 
How can we describe God using human terms? Many would argue
that this limits God to the realm of the human or the natural and fails
to take account of God's transcendence of the natural order. If I were
to say ‘God is good’, I run the risk of describing or even defining God
in terms of human conceptions of goodness, which are often flawed
and self‐serving. For this reason, Thomas Aquinas argued that terms
that were applied to God cannot mean exactly the same as if they
were applied to things in the world of human experience. For this
reason, Aquinas argues that the words we use to refer to God must be



analogical, used in different but related senses to those encountered
in everyday life.

Aquinas thus affirmed the analogical nature of theological language.
When I say that ‘God is good’, I am not defining God by human
standards of goodness, as if there is a direct correspondence between
divine and human goodness. Rather, I am saying that there is an
analogical relationship – a similarity, but not an identity – between
these notions. This allows us to avoid two inadequate ways of
speaking about God – univocity, in which we think that our words
mean exactly the same thing when they are used to refer to either
God or creatures; and equivocity, in which we think our words are so
indeterminate that we cannot speak meaningfully of God at all.

Yet perhaps Aquinas's most significant contribution to the discussion
of analogies between God and the world of creation is found in his
later writings, such as the Summa contra Gentiles and the Summa
Theologiae. Aquinas here links the analogous nature of God and the
created order with a doctrine of causal similitude, emphasizing the
active transmission of properties from God to creatures. Creation is
an act of causation, which leads to the created order bearing a
likeness to its creator.

God is thus an analogical cause. In other words, God's creation of the
world involves the creation of a realm that is analogous to the
creator, and this inbuilt analogical correspondence between God and
the natural order underlies our legitimate use of analogical language.
The German Catholic philosopher Erich Przywara described the
‘analogy of being’ as ‘Catholicism's metaphysical a priori’, and
extended Aquinas's approach to include wider issues than theological
language. Our concern in this section, however, is with Aquinas's
account of the idea, not the more developed form associated with
Przywara.

Aquinas's approach gives theological legitimacy to the use of
analogies drawn from the world of creation to help us think about
God. The utility of this approach is not a fortunate accident; it is
grounded in a distinct characteristic of the world of nature – namely,
that it is God's creation, and thus bears God's imprint in some way
and to some extent.



This theological insight, however, does not solve the question of how
theological analogies such as ‘God as a shepherd’ are to be
interpreted. It lays the foundation for this process but does not itself
determine its outcomes. There are two main interpretative tasks that
need to be undertaken:

1. The interpretation of individual analogies, particularly in the
light of the cultural context within which they were originally
used – for example, the analogy of ‘adoption’, used in the
Pauline letters as an image of salvation, which is grounded in
Roman family law.

2. The correlation and interconnection of groups of analogies to
understand how they relate to each other, and what greater
picture results from their combination. This often involves
resolving tensions between these analogies.

Ian T. Ramsey on the Model of the Divine
Economy
Earlier in this chapter, we noted how in 1910 Ernest Rutherford set
out his influential model of the atom as a miniature solar system.
Rutherford had observed patterns of deflection of alpha particles
fired at thin gold foil that were not consistent with the model of an
atom which was then generally accepted – J. J. Thomson's ‘plum
pudding’ model of 1904. The basic elements of Rutherford's
emerging understanding of the atom fell into place as a result of that
experiment – such as the atom's mass being concentrated in a
‘minute massive centre’, with electrons orbiting this central nucleus,
and the remainder of the atom consisting of empty space. Yet
Rutherford knew that he needed to develop a visual representation of
this new understanding.

He therefore took a model developed for a completely different
purpose – the Copernican model of the solar system – and adapted
it. Copernicus's model of the solar system offered Rutherford an
existing conceptual pattern, a scientifically familiar visual image,
with three core elements: a massive object at its centre, vast areas of
space, and smaller bodies orbiting this central mass. There were
difficulties – for example, did electrons really orbit the nucleus? But



it was good enough for Rutherford's purpose. His new theoretical
model of the atom could be represented visually using a familiar
analogy.

So is this process of constructing models also found in Christian
theology? At first sight, the answer might appear to be ‘no’. Most
theological models are drawn from the Christian Bible. Yet there are
examples of theological models which are borrowed from other
contexts, often to correlate biblical insights using a familiar image or
concept drawn from a theologian's cultural context. In what follows,
we shall consider the Oxford philosophical theologian Ian T.
Ramsey's reflections on the idea of the ‘divine economy’ – a model of
divine activity that found wide acceptance in the Greek‐speaking
Christian churches of the first five centuries.

During the 1960s, Ramsey wrote a number of works on the problem
of religious language and the relationship between science and
religion, often focusing on issues that arose from the dominance of
logical positivism, which called the legitimacy of religious language
into question. Ramsey devoted two works to these topics: Religious
Language (1957) and Models and Mystery (1964). Religion, he
argues, is like any other discipline – it develops its own distinctive
language in response to its area of discourse and it uses models to
help grasp aspects of a complex reality.

Various disciplines, despite their necessary and characteristic
differences, nevertheless have a common feature of great
significance, a feature which is often overlooked and frequently
misunderstood: the use they make of models. It is by the use of
models that each discipline provides its understanding of a
mystery which confronts them all.

Ramsey's defence of the legitimacy of theological language is
important in its own right; our concern here, however, is with the
way in which he resolves the issue of how to correlate multiple
models of God.

Ramsey's final reflections on this topic were published posthumously
in Models for Divine Activity (1973). After noting how the Bible
makes extensive use of ‘models’ of God – such as the Holy Spirit –
Ramsey explores how early Christian theologians took a purely



secular concept and developed it as a model of divine activity. The
Greek term oikonomia – perhaps best translated as an ‘ordered
administration’ – was widely used in secular culture to refer to the
organization and administration of societies. Theologians quickly
realized that this provided a framework for developing an
interconnected account of God's action in the world, particularly in
relation to salvation. The phase ‘economy of salvation’ began to be
used to refer to the ordered patterns of divine activity – including
creation, the act of redemption in Christ, and the subsequent
ministry of the Christian church. The model of the ‘divine economy’
was not itself biblical but was rather a secular framework that
enabled early Christian theologians to display the coherence of the
biblical pattern of divine action in creation and redemption. Yet with
the passing of the cultural context of this model in late classical
antiquity, the model lost its plausibility, and seems to have dropped
out of use in Christian theological discourse.

Note that Ramsey was not suggesting that early Christian
theologians invented certain beliefs about God with reference to
secular ideas. His point is much more subtle and interesting. Ramsey
argues that early Christian theologians had well‐developed
understandings of God's action in creation, the nature of God's
redemption of the world in Christ, and a growing understanding of
the role of the church in sustaining the life of faith. What they needed
– and what they found in the secular model of oikonomia – was a
conceptual framework that allowed them to hold these all together,
as three distinct yet interconnected elements of a greater whole. This
integrative capacity of models or analogies is important in both
science and theology. The basic elements were already known; what
was new was the framework which allowed them to be seen as part of
an integral whole.

Arthur Peacocke on the Theological Application
of Models and Analogies
Arthur Robert Peacocke went up to Exeter College, Oxford
University, in 1942 to study chemistry. At that stage, the Oxford
University chemistry course lasted four years. After the initial three
years of teaching, the final year consisted of a substantial research



project. Peacocke was supervised by the Nobel laureate Sir Cyril
Hinshelwood (1897–1967) in the Physical Chemistry Laboratory for
his final year of undergraduate work, and remained with him for his
subsequent doctoral research. In 1973, he accepted the position of
Dean of Clare College, Cambridge, which allowed him to develop his
interest in the interface of science and religion. He served as director
of the Ian Ramsey Centre at Oxford, which has a special interest in
fostering study of issues at the interface of science and religion, from
1985–1999.

In common with many of those working at the interface of science
and religion, Peacocke argues the case for a form of ‘critical realism’,
in which models play an important role as intermediaries in the
process of knowledge production. Science and theology alike use
imagery in an attempt to offer a reliable and responsible picture of
the world as it really is.

I think that both science and theology aim to depict reality; that
they both do so in metaphorical language with the use of models;
and that their metaphors and models are revisable within the
context of the continuous communities which have generated
them. This philosophy of science (‘critical realism’) has the virtue
of being the implicit, though often not articulated, working
philosophy of working scientists who aim to depict reality but
know only too well their fallibility in doing so.

Having argued that some form of critical realism is integral to the
scientific method, Peacocke argues that theology also aims to depict
reality using models or analogies. The images used to visualize
reality may, however, be culturally conditioned and thus may require
revision or modification to secure continuing use. Yet the realization
of the provisionality of our representations of reality does not force
us to abandon any idea of a real world, which is somehow
represented in this way.



Theology, the intellectual formulation of religious experience and
beliefs, also employs models which may be similarly described. I
urge that a critical realism is also the most appropriate and
adequate philosophy concerning religious language and
theological propositions. Theological concepts and models should
be regarded as partial, adequate and revisable but necessary and,
indeed, the only ways of referring to the reality that is named as
‘God’ and God's dealings with humanity.

While recognizing the diversity of types of scientific realism,
Peacocke argued for a ‘common core’ of claims – most notably, that
scientific change is progressive and accumulative, and that the aim of
science is to depict reality. Peacocke makes a similar case for critical
realism in theology. As in science, theological concepts and models
are partial, inadequate, and revisable. Yet, unlike those in science,
they include a strong, affective function, engaging the emotions as
much as the mind. For Peacocke, both science and religion operate
on the basis of a ‘critical realism’ which recognizes that models are
‘partial, adequate, revisable and necessary’ means of depicting
reality. Each of these terms merits a little further exploration.

Partial. Theological models can only allow access to part of the
greater reality which they depict. Peacocke thus recognizes that
there are limits on what can be known of reality, whether
scientific or religious, on account of the mode of representation
which has to be used in the process of depiction.

Adequate. Peacocke here draws attention to the fact that these
models are good enough to allow us to know about the reality
which is depicted. The fact that such knowledge does not derive
directly from reality is not to be seen as implying that it is
somehow substandard or second‐rate.

Revisable. Peacocke here argues that models need to be revised
continually, and are to be seen as provisional rather than
definitive. Perhaps this is one of the more controversial aspects
of his analysis, in that many more traditional religious thinkers
would hold that the religious models are ‘given’. John
Polkinghorne, for example, concedes the need for revision at
points, but holds that what requires revision is the



interpretation which we place upon these models, not the
models themselves.

Necessary. A distinction is generally made between ‘naïve
realism’ and ‘critical realism’, with the former holding that it is
possible to know reality directly and the latter that it is
necessary to know it indirectly, through models. This is
fundamentally an issue about how the human mind makes sense
of things. Peacocke holds that it is proper to allow the human
mind an active and constructive role in the representation of
reality. Far from being a passive observer of things, the human
mind actively constructs its representations of the external
world. This aspect of critical realism is not seen as controversial
and is shared by other thinkers within the science and religion
constituency, including Ian Barbour and John Polkinghorne.

Sallie McFague on Metaphors in Theology
One of the most influential discussions of the role of metaphor in a
constructive and critical Christian theology is due to Sallie McFague,
who served as Carpenter Professor of Theology at Vanderbilt Divinity
School before becoming Distinguished Theologian in Residence at
Vancouver School of Theology. For McFague, we have to come to
terms with the inevitability of metaphorical approaches to theology,
living in a ‘tensive’ relationship with theological metaphors that
cannot be directly identified with what they point towards, and
engaging the critical imagination rather than the discursive reason.

In an important study of 1975, McFague made clear her
dissatisfaction with the naïve rationalism of the Enlightenment,
which valued the acquisition of ‘clear and distinct ideas’ but failed to
appreciate the difficulties in securing this, given the limits placed on
the human situation:



The days of supposing we are free of finite limitations, of
supposing that we have some direct access to ‘Truth,’ that there
might be words that correspond to ‘what is,’ that ‘clear and
distinct ideas’ can be many or very interesting – such a time is
over (if it ever existed except in the most rationalistic circles). …
What we have and all that we have is the grid or screen provided
by this metaphor and by that metaphor. The metaphor is the
thing, or at least the only access that we highly relative and limited
beings have to it.

McFague argues that an appreciation of the central and inevitable
role of the concept of ‘metaphor’ in theology moves us decisively
away from the theological precision favoured by Enlightenment
writers, inviting us to embrace an ‘open‐ended, tentative, indirect’
encounter with reality which could never be captured or fully
expressed in terms of well‐defined ideas. Theology is thus called to
‘understand the centrality of models in religion and the particular
models in the Christian tradition’, to criticize ‘literalized, exclusive
models’, and to ‘chart the relationships among metaphors, models,
and concepts’. Interestingly, for McFague, ‘scientific models refer to
the quantitative dimension of the world while theological models
refer to the qualitative dimension’.

Having explored some aspects of the function and use of models and
metaphors in religion, we now need to consider a case study in more
detail, so that the points in question can be more fully appreciated.
We therefore turn to two aspects of Christian theology to explore this
more fully. We will look at the doctrine of creation and what are
often known as ‘theories of the atonement’ – understandings of the
meaning and significance of the death of Christ.

Using Religious Models Critically: Creation
The idea that the world is created is of fundamental importance to
many religions, especially Christianity and Judaism. The theme of
‘God as creator’ is of major importance within the Old Testament and
is thought to have become particularly significant to Israel's self‐
understanding during the period of the Babylonian Exile. Of
particular interest for our purposes is the Old Testament theme of
‘creation as ordering’, and the manner in which the critically



important theme of ‘order’ is established on and justified with
reference to cosmological foundations.

The Old Testament often depicts creation in terms of God's victory
over forces of chaos, understood either as an imposition of order on a
formless chaos or conflict with a series of chaotic forces, often
depicted as a dragon or other monster. While there are parallels
between the Old Testament account of God engaging with the forces
of chaos and Ugaritic and Canaanite mythology, there are significant
divergences at points of importance, such the Old Testament's
insistence that creation is not be to understood in terms of different
gods warring against each other for mastery of a (future) universe,
but in terms of God's mastery of chaos and ordering of the world.

The theologians of the early church affirmed that the natural order
possessed a goodness, rationality, and stable order which resulted
directly from its creation by God. The truth, goodness, and beauty of
God (to use the ‘Platonic triad’ of categories which so influenced
many writers of this period) could be discerned within the natural
order, in consequence of that order having been established by God.
In the third century, Origen argued that it was God's creation of the
world which structured the natural order in such a manner that it
could be comprehended by the human mind, by conferring upon that
order an intrinsic rationality and order which derived from and
reflected the divine nature itself.

This insight is of central importance to the interaction of Christian
theology and the natural sciences, highlighting the importance of the
Christian doctrine of creation in grounding both the rationality of the
cosmos, and the capacity of the human mind to discern this
rationality. For example, Athanasius of Alexandria and Augustine of
Hippo both hold that a rational God created a coherent and rational
(logikos) universe, whose structures reflect the character of its
creator and are capable of being grasped by the human mind, and
their significance appreciated, if only dimly and partially. This
framework of belief affirms that the being of the universe ultimately
derives from the being of God, and that humanity, in bearing the
image of God, has a created capacity to engage, interpret, and
understand the universe. Many scholars believe that this framework
for engaging nature may help explain why Christian theology was so



intellectually hospitable towards the emerging natural sciences at the
time of the Renaissance.

The idea of creation is thus important theologically, as well as in
relation to the field of science and religion. But how is creation to be
understood? What models can be used to help us visualize this
concept and so open up a deeper understanding of its significance?
In what follows, we shall consider three models that have been used
at various points within the Christian tradition, and look at issues
that arise from them which indicate the need for a critical approach
to these models.

1. Artistic Expression. Many Christian writers, from various
periods in the history of the church, speak of creation as the
‘handiwork of God’, comparing it to a work of art which is both
beautiful in itself, as well as expressing the personality of its
creator. This model of creation as the ‘artistic expression’ of God
as creator is found in the writings of the eighteenth‐century
North American theologian Jonathan Edwards, as well as
Dorothy L. Sayers's influential work The Mind of the Maker
(1941). This model of creation fits in well with contemporary
culture and provides an important way of visualizing God's self‐
expression within the created order.

2. Construction. Many biblical passages portray God as a master
builder, deliberately constructing the world (for example, Psalm
127:1). The imagery is powerful, conveying the ideas of purpose,
planning, and a deliberate intention to create. The image is
important, in that it draws attention to both the creator and the
creation. In addition to bringing out the skill of the creator, it
also allows the beauty and ordering of the resulting creation to
be appreciated, both for what it is in itself, and for its testimony
to the creativity and care of its creator.

3. Emanation. Many early Christian writers sympathetic to the
various forms of Platonism that were popular at this time saw
the image of ‘emanation’ as a helpful and appropriate way of
visualizing creation. The image that dominates this approach is
that of light or heat radiating from the sun or from a human
source such as a fire. This image of creation (hinted at in the



Nicene Creed's phrase ‘light from light’) suggests that the
creation of the world can be regarded as an overflowing of the
creative energy of God. Just as light derives from the sun and
reflects its nature, so the created order derives from God and
expresses the divine nature. This model thus affirms a natural
or organic connection between God and the creation.

Each of these models is to be understood as an analogy, not an
identity. There are clear continuities and discontinuities between the
model and what is being modelled. Each model offers a partial
account of some aspects of the concept of God's creation of the
world, while failing to illuminate other aspects, and occasionally
introducing ideas that run counter to some core Christian insights.
Two such insights are of particular importance: first, that God is to
be considered as a personal agent; and second, that creation is about
bringing things into existence ex nihilo (‘from nothing’), rather than
representing a re‐ordering or rearrangement of existing matter.

This second point needs further discussion. The prologue to John's
gospel (John 1:1–14) speaks of everything being created by God from
nothing through Christ. Yet this idea ran counter to the Hellenistic
idea, clearly expressed in Plato's dialogue Timaeus, that the world
was made out of pre‐existent matter, which was fashioned into the
present form of the world. This idea was picked up by Gnostic
writers, especially in the second century. However, as early Christian
writers became increasingly aware of the shortcomings of
Gnosticism, they adopted more sophisticated readings of the Old
Testament creation narratives and taught that creation was about
bringing things into existence from nothing.

Each of the three models noted above has points of value, while at
the same time requiring critical interpretation. It is necessary to
exclude certain readings of the model in order for the model in
question to be genuinely illuminating. The idea of creation as
emanation, for example, unhelpfully suggests a constant process of
natural production, rather than a purposeful divine decision to
create. The image of the sun radiating light implies an involuntary
emanation – something which just happens naturally. The Christian
tradition has consistently emphasized that the act of creation rests
upon a prior decision on the part of God to create, which this model



cannot adequately express. In effect, this model of creation – like all
such models – needs to be approached through a theological filter.

The same issue arises when thinking of creation as construction or
artistic expression. Here, creation could be understood as giving
shape and form to something which is already there – an idea which
stands in tension with the Christian doctrine of creation ex nihilo.
The image of God as a builder would seem to imply the assembly of
the world from material which already exists. The model of artistic
expression can be associated with the idea of creation from pre‐
existent matter, as in the case of a sculptor with a statue carved from
an already existing block of stone. Nevertheless, this model expresses
the insight that the character of the creator is, in some manner,
expressed in the natural world, just as that of an artist is
communicated or embodied in her work. This weakness can,
however, be addressed. One of the many merits of Dorothy L. Sayer's
Mind of the Maker is that it can accommodate the idea of creation
from nothing, as with the analogy of author who writes a novel or the
composer who creates a melody and harmony.

Using Religious Models Critically: Theories of the
Atonement
The need to adopt a critical approach to theological models is also
evident in the case of interpretations of the significance of the death
of Christ – an area of theology traditionally known as ‘theories of the
atonement’ or ‘the work of Christ’. The New Testament deploys a rich
range of visual images to enable a full understanding of the
consequences of the work of Christ – such as justification, salvation,
reconciliation, and adoption.

The Christian message of salvation was contextualized in language
that was accessible to ordinary people. Imagery, metaphors, and
comparisons that those early Christians could understand and
relate to became important tools in the hands of the evangelists
for explaining to these new converts what had happened to them.

Yet the issue of the extent to which these analogies can be pressed
remains important, in that any given soteriological analogy does not
indicate the limits of its scope, or its proper mode of interpretation.



To illustrate this point, we may consider one such image: the notion
that Christ gave his life as a ‘ransom’ for sinners (Mark 10:45; 1
Timothy 2:6).

So what does this analogy mean? How is it to be interpreted? The
everyday use of the word ‘ransom’ suggests four ideas.

1. Being held captive. A ransom is some form of payment which
achieves freedom for a person who is held in captivity or
bondage.

2. A payment. A ransom is a sum of money which is paid to the
captors in order to achieve an individual's liberation.

3. Someone to whom the ransom is paid. A ransom is usually paid
to an individual's captor, or an intermediary.

4. Liberation – the state of being set free from bondage or
imprisonment as the result of the payment of the ransom.

These four ideas all appear to be implied by speaking of Christ's
death as a ‘ransom’ for sinners. But are we meant to interpret this
analogy in this way? Might the analogy be pressed too far at certain
points?

There is no doubt that the New Testament proclaims that we have
been liberated from captivity through the death and resurrection of
Christ. We have been set free from captivity to sin and the fear of
death (Romans 8:21; Hebrews 2:15). It is also clear that the New
Testament understands the death of Christ as the price which had to
be paid to achieve our liberation (1 Corinthians 6:20; 7:23). Our
liberation is a costly and a precious matter. In three of these four
respects, the scriptural use of ‘ransom’ broadly corresponds to the
everyday use of the word. But what of the idea that Christ's death was
a ransom that was paid to someone? Who was paid in this manner?

The New Testament is silent over any suggestion that Christ's death
was the price paid to anyone in order to achieve our liberation. Some
of the writers of the first four centuries, however, assumed that they
could press this analogy to its limits. Origen, perhaps the most
speculative of early patristic writers, argued that since Christ's death
was a ransom, it must have been paid to someone. But to whom? It



could not have been paid to God, in that God was not holding sinners
to ransom. Origen concluded that it had to be paid to the devil.

Later writers – such as Rufinus of Aquileia and Gregory the Great –
developed this idea still further. The devil had acquired rights over
fallen humanity, which God was obliged to respect. The only means
by which humanity could be released from this satanic domination
and oppression was through the devil exceeding the limits of his
authority, and thus being obliged to forfeit his rights. So how could
this be achieved? Gregory suggests that it could come about if a
sinless person were to enter the world, yet in the form of a normal
sinful person. The devil would not notice until it was too late: in
claiming authority over this sinless person, the devil would have
overstepped the limits of his authority, and thus be obliged to forfeit
his rights to humanity. Rufinus suggests the image of a baited hook:
Christ's humanity is the bait and his divinity the hook. The aspect of
this approach to the meaning of the cross that caused the most
disquiet subsequently was the apparent implication that God was
guilty of deceiving the devil.

Following the penetrating theological criticism of this idea by Anselm
of Canterbury in the eleventh century, this theory was generally
abandoned by academic theologians, although it retained
considerable popular appeal. This unsatisfactory theory clearly
resulted from an analogy being pressed far beyond its intended
limits. But how do we know whether a theological analogy has been
pressed too far? How can the limits of such analogies be tested? Such
questions have been debated throughout Christian history. An
important twentieth‐century discussion of this point may be found in
the writings of the philosopher Ian T. Ramsey, who we noted earlier
in this chapter. In his Christian Discourse: Some Logical
Explorations (1965), Ramsey set out the idea that models or
analogies are not independent and freestanding but interact with
and qualify each other.

Ramsey argues that Scripture does not give us one single analogy (or
‘model’) for God or for salvation but rather uses a range of analogies.
Each of these casts light on certain aspects of our understanding of
God or the nature of salvation – but not all. However, these analogies
also interact with each other. They modify each other. They help us



understand the limits of other analogies. No analogy or parable is
exhaustive in itself; taken together, however, the range of analogies
and parables builds up to give a comprehensive and consistent
understanding of God and salvation.

Models and Mystery: The Limits of
Representation of Reality
How do we represent a complex reality, such as the strange and
perplexing world around us? There is a deep human longing to be
able to visualize things, in a process which draws more on the
imagination than reason. When we attempt to ‘picture’ something
that lies beyond our capacity to see fully, we naturally try to scale it
down to something manageable. This underlies the scientific use of
models as heuristic devices to help us grasp the core features of
complicated systems.

In this chapter, we have explored how models and analogies can help
us visualize at least some aspects of a complex reality. We have noted
some of their limits, particularly those which arise from confusing a
model with what is being modelled. Yet a further concern remains:
what if models and analogies are fundamentally incapable of
rendering the complexity of our universe? We have already alluded
to the concept of ‘mystery’ in this chapter; this theme clearly needs
further discussion.

Any discussion of the human attempt to investigate and represent
reality needs to take account of the limited capacity of human beings
to grasp complex entities. The theoretical physicist Werner
Heisenberg – best known for formulating the uncertainty principle –
argued that while a good scientific theory would do justice to ‘every
accessible domain of the world’, there remain certain ‘phenomena
that defy formulation in language’. Scientific thinking ‘always hovers
over a bottomless depth’, being confronted by the limits placed on
human understanding.

Every time when there is an understanding of a new reality, their
sphere of validity appears to be pushed yet one more step into an
impenetrable darkness that lies behind the ideas language is able
to express.



Richard Dawkins has also clearly appreciated the importance of this
point, and the need to recognize the validity of the category of
mystery in science.

Modern physics teaches us that there is more to truth than meets
the eye; or than meets the all too limited human mind, evolved as
it was to cope with medium‐sized objects moving at medium
speeds through medium distances in Africa. In the face of these
profound and sublime mysteries, the low‐grade intellectual
poodling of pseudo‐philosophical poseurs seems unworthy of
adult attention.

Some scientists use the word ‘mystery’ to mean something that is
presently not understood, but which will become resolved and
intelligible through scientific advance. For example, Charles Darwin
commented that the question of the historical origin of species was
the ‘mystery of mysteries’, borrowing a phrase from the astronomer
Sir John Herschel. For Darwin, a mystery could be solved by
discovering a higher‐order theory that allows what presently seems
incomprehensible or incoherent to be seen in a new way. Darwin's
answer to Herschel's riddle was to find a theory which made
intelligible what otherwise might seem mysterious – the theory of
descent with modification by natural selection. Certain ‘mysteries’
thus cease to be mysterious once they are explained by discovering
an intellectual framework within which they are rendered intelligible
or predictable.

Other scientists, however, regard a mystery as something which lies
beyond the scope of reductive explanation. Albert Einstein, for
example, constantly stressed the limits of the human grasp of the
rationality of the universe, and the importance of maintaining a
sense of mystery and wonder in the face of its vastness. Although he
was not a mystic in any meaningful sense of the term, Einstein was
clear that a sense of ‘the mysterious’ was the source of all true art and
science, just as an ‘experience of mysteriousness’ lay at the heart of
religion. ‘What I see in nature is a magnificent structure that we can
only grasp imperfectly.’

Another issue needs to be noted at this point. A common assumption
underlying contemporary evolutionary biology is that human
cognitive capacities evolved primarily for the purposes of survival,



not for the pursuit and acquisition of truth. Yet human cognitive
capacities far exceed those required for mere survival – as evident,
for example, in the remarkable successes of mathematics. Yet
Dawkins's point remains. The ‘all too limited human mind’ is well
adapted for simple scenarios. But what about those which are too
vast and too complex to be grasped by this limited human mind? Can
the use of models and analogies help us grasp something that
ultimately lies beyond our full comprehension?

For Christian theologians such as Maximus the Confessor, the term
‘mystery’ fundamentally refers to the conceptual immensity or
ontological vastness of God. A mystery is resistant to interpretative
closure or intellectual reduction, ultimately transcending any
attempt at a limiting definition – precisely because this limits what
must be allowed to remain open. The English theologian Charles
Gore also highlighted the importance of this point, noting the limits
of language to comprehend the mystery of the divine:

Human language never can express adequately divine realities. A
constant tendency to apologize for human speech, a great element
of agnosticism, an awful sense of unfathomed depths beyond the
little that is made known, is always present to the mind of
theologians who know what they are about, in conceiving or
expressing God.

Augustine of Hippo's famous declaration si comprehendis non est
Deus (‘if you can understand it, it is not God’) makes the important
point that anything that humanity can grasp fully and completely
cannot be God, precisely because it would be so limited and
impoverished if it can be fully grasped by the human mind.

The potential importance of the issue for religion can be seen in
Rudolf Otto's Idea of the Holy (1917), which developed the concept of
the numinous as a means of expressing what he considered to be
foundational to religious experience and existence. For Otto, the
numinous can be understood as an experience of a mysterious terror
and awe (mysterium tremendum et fascinans) in the presence of
that which is ‘totally other’ and thus not capable of being expressed
directly using human language or analogies. Otto's conception of an
irrational or numinous aspect of religion that lies beyond conceptual
description and is only accessible through experience has proved



significant in the study of religion; it is, however, of particular
importance to any serious attempt to reflect on the religious category
of mystery. Otto does not use the term ‘irrational’ to mean ‘rationally
deficient’; indeed, his use of complementary terms such as ‘non‐
rational’ or ‘trans‐rational’ makes it clear that the mystery at the
heart of religion is something that overwhelms and saturates human
rational capacities.

The French theologian and philosopher Gabriel Marcel (1889–1973)
distinguished between the scientific and religious uses of the term
‘mystery’ using the categories of ‘problems’ and ‘mysteries’. For
Marcel, the natural sciences deal with the world of problems. A
problem is something which can be viewed objectively, and for which
we can find a possible solution. A mystery, however, is something
which we cannot view objectively, precisely because we cannot
separate ourselves from it. While problems can be resolved through
universal or generalized solutions, mysteries cannot. Life, according
to Marcel, is thus not a problem to be solved but a mystery to be
lived. The existence of suffering, for example, is thus to be seen as a
mystery that can never be fully grasped, rather than as an intellectual
problem that can be mastered and subdued.

A similar point was made by the great German physicist Max Planck,
widely regarded as the founder of quantum mechanics. Like Einstein,
Planck held that there were limits to the capacity of science to fully
understand our universe. ‘Science cannot solve the ultimate mystery
of nature. And that is because, in the last analysis, we ourselves are
part of nature and therefore part of the mystery that we are trying to
solve.’

Marcel's ideas were developed in a more explicitly theological
manner by the English philosophical theologian Austin Farrer, who
defined the realm of the problematic as the field in which there are
right answers. The realm of mystery, however, involves engagement
with reality at such a level that it cannot be investigated in terms of
‘determinate and soluble problems’. The theologian, Farrer argues, is
not faced with the limited and manageable relation which arises
between a conceptual instrument and physical objects. We are rather
confronted with the ‘object itself, in all its fullness’, consisting not of
‘a cluster of problems’, each of which can be solved scientifically or



rationally, but of a ‘single though manifold mystery’. It is tempting to
try to reduce a mystery to a set of problems on the basis of the
mistaken belief that the mystery is the mere sum of the individual
(soluble) problems.

The analysis presented by Marcel and Farrer illuminates the
theological task, in that each generation is called upon to wrestle
with a mystery, knowing that it possesses a certain inexhaustibility
which cannot be grasped or fully comprehended by any one writer or
era. The Catholic theologian Thomas Weinandy makes this point as
follows: ‘Because God, who can never be fully comprehended, lies at
the heart of all theological enquiry, theology by its nature is not a
problem‐solving enterprise, but rather a mystery‐discerning
enterprise.’ The problematical is the domain of science and rational
inquiry. Once a problem is solved there is no more interest in it.

A mystery, however, challenges, refreshes, and reinvigorates the
theological task, not least through the expectation that fresh light has
yet to break forth from mysteries which have been wrestled with by
previous generations. The process of wrestling with a mystery thus
remains open, not closed. What one generation inherits from
another is not so much definitive answers as a shared commitment
to the process of wrestling.

One theological response to the category of mystery is to develop
models which attempt to represent or allow visualization of certain
aspects of a greater reality, while conceding that this reality as a
whole remains resistant to reduction in this way. Theologians can
thus speak of different ‘models’ of the Trinity. While there is a clear
difference between theological modelling and modelling in the
natural sciences, some analytical models of God seek to comprehend
their target ‘scientifically’ – in other words, fully and completely.

A good example of a theological model of the Trinity is that
developed by Jeffrey Brower and Michael Rea, based on the
Aristotelian notion of ‘numerical sameness without identity’. This
model suggests that we can understand a key aspect of the doctrine
of the Trinity – namely, the relationship between the three divine
persons and the one divine nature – as analogous to the relationship
between a bronze statue and the bronze metal from which it is
constructed. The statue and the bronze count as exactly one object



(they are numerically the same). Yet the statue is not strictly
identical to the bronze, since they do not share exactly the same
properties or persistence conditions. It is, for example, possible to
melt down the statue without destroying the bronze. In the same
way, we can think of the divine essence as playing the role of matter
in a form–matter compound, so that the persons of the Trinity can
be understood as numerically distinct beings constituted by three
numerically distinct forms.

Yet theologians have expressed concerns about attempts to model
God, noting how this tends to reduce God as something existing
within the world, and failing to do justice to God's transcendence.
The philosopher of religion William Wood notes these concerns,
highlighting the importance of ‘apophatic’ considerations – in other
words, recognizing the limits of our attempts to speak of God.
Human beings, because of their finitude and sinfulness, cannot
comprehend God's essence or being. God is ‘unknowable’ in the
sense of lying beyond human categories and sense‐making methods.

In recent decades, contemporary academic theologians have
reasserted the absolute transcendence and unknowability of God,
which goes hand‐in‐hand with a newfound respect for apophatic
theology. The more we insist that God is unknowable, the more
problematic the practice of modeling God becomes. The existing
literature on theological modeling has not really come to terms
with this renewal of apophatic thought.

Wood's point is important, as it raises the question of whether the
scientific practice of developing models as heuristic devices aiming at
intelligibility can be applied legitimately within theology. As the
philosopher of science Peter Godfrey‐Smith notes, the natural
sciences often develop models that represent a ‘deliberate
simplification, or other imaginative modification of reality, in order
to make some relationships visible or problems tractable.’ Many
classical theologians would suggest that making God ‘tractable’ is
likely to entail distortion and diminishment.

Ian Barbour on Models in Science and Religion



Ian Barbour has had a significant impact on the field of science and
religion, mainly through his ground‐breaking works Issues in Science
and Religion (1966) and the later Myths, Models, and Paradigms
(1974). Barbour has given considerable attention to the development
of an intellectual basis for the facilitation and consolidation of a
positive and constructive interaction between science and religion.
Far from being a pragmatic response to the need for two powerful
cultural forces to engage in dialogue, Barbour argues that there is an
intellectual bridge between the two, which makes the dialogue
necessary and proper.

Barbour argues that there are important continuities (though not
identities) in terms of epistemology (the kinds of knowledge we
have), methodology (how this knowledge is obtained and justified),
and language (how this knowledge is expressed). Taken together,
these commonalities provide a bridge between science and religion
which is capable of sustaining significant intellectual traffic between
them. Although some consider Barbour's achievement in bridging
these disciplines to lie primarily in his notion of ‘critical realism’,
others suggest that it lies in his use of the categories of models,
metaphors, and analogies – in other words, in the way in which we
visualize our world.

Barbour's discussion of the category of model shows both an
awareness of the concept's potential for illumination and the
generation of research programmes, while at the same time noting
important differences between the ways in which models are
understood in science and religion. Scientific models, he suggests,
are ‘neither literal pictures of reality’ nor ‘useful fictions’, but partial
and provisional ways of imagining what is not observable; they are
symbolic representations of aspects of the world which are not
directly accessible to us. They serve a heuristic function, in that they
are ‘mental constructs devised to account for observed phenomena in
the natural world’. Barbour emphasizes that such models are
constructed by scientific communities as interpretative tools; they
are not a priori concepts which derive their plausibility from beyond
scientific practice.

Janet Martin Soskice argues that it is important to distinguish
‘model’ from ‘metaphor’, and criticizes Barbour for conflating these



two, in effect regarding their difference as only a matter of degree.
For Soskice, ‘an object or state of affairs is said to be a model when it
is viewed in terms of some other object or state of affairs. A model
need not be a metaphor, for a model need not be linguistic at all.’

Religious models, according to Barbour, are also neither literal
pictures of reality nor useful fictions; they have an additional
function, however, of serving as organizing images to interpret
patterns of human experience, especially those associated with a
variety of religious emotions – such as awe and reverence.

Models in religion are also analogical. They are organizing images
used to order and interpret patterns of experience in human life.
Like scientific models, they are neither literal pictures of reality
nor useful fictions. One of the main functions of religious models
is the interpretation of distinctive types of experience: awe and
reverence, moral obligation, reorientation and reconciliation,
interpersonal relationships, key historical events, and order and
creativity in the world.

Yet these models are often given to the religious community of
interpretation through tradition, raising the question of whether they
can be revised or replaced – or whether their renewal and ongoing
use is dependent on their constant reinterpretation. As we saw
earlier in this chapter, such a position is taken by Arthur Peacocke.

Barber pointed out three similarities between the scientific and
religious use of models.

1. In both science and religion, models are analogical in their
origins, can be extended to cope with new situations, and are
comprehensible as individual units.

2. Models, whether scientific or religious, are not to be taken as
literal depictions of reality, but are ‘symbolic representations,
for particular purposes, of aspects of reality which are not
directly accessible to us.’

3. Models function as organizing images, allowing us to structure
and interpret patterns of events in our personal lives and in the
world. In the sciences, the models relate to observational data;



in the religions, to the experience of individuals and
communities.

Barbour also noted three areas of divergence between the use of
models in scientific and religious contexts. At this point, a degree of
generalization about the nature of religion may perhaps lead to some
incautious conclusions, although there is no doubt that, at least in
some cases, the points which Barbour makes are valid.

1. Religious models serve non‐cognitive functions which have no
parallel in science.

2. Religious models evoke more total personal involvement than
their scientific counterparts.

3. Religious models seem to have greater imaginative appeal than
the formal beliefs and doctrines which are derived from them,
whereas scientific models are subservient to theories.

A further point of importance in this comparison concerns the way in
which analogies or models are chosen. In the sciences, analogies or
models are chosen and validated partly on the basis of certain
criteria of fidelity – such as whether they offer a good empirical fit
with the target of representation, for example, by sharing as many of
its significant features as possible. These two themes – selection and
validation – are of considerable importance, not least in that they
highlight a significant difference between the natural sciences and
religion. Analogies are generated within the scientific community; if
they prove to be unsatisfactory, they will be discarded, and replaced
by new ones.

These key themes of formulation and validation have no direct
parallel in classical Christian thought. Christianity has traditionally
held that the controlling analogies or generative models in question
are ‘given’, not chosen; the two tasks which confront the theologian
are those of establishing the limits of the analogy and correlating it
with other such given analogies. Not all theologians would support
this traditional view; some would argue that we are at liberty to
develop new models which avoid certain features of traditional
models which are deemed to be unsatisfactory.
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Chapter 6 
Science and Religion: Some Major
Contemporary Debates
In earlier chapters, we considered some general themes relating to
science and religion. The present chapter takes a different approach,
considering nine contemporary debates within this broad field. Each
is interesting in its own right, but also illuminates some specific
aspects of the field of science and religion.

The first debate concerns whether science is able to establish moral
values. This is an important question which often features in wider
cultural debates about whether human moral values depend upon
some transcendent grounding – such as those traditionally
associated with religion.

Moral Philosophy: Can the Natural Sciences
establish Moral Values?
The relation of the natural sciences and ethics has often been
examined. At present, there is a broad consensus within the
literature that the sciences may inform ethical decision‐making, but
not serve as the basis of ethics. The views of Albert Einstein on this
matter have found wide acceptance. Einstein argued that the natural
sciences cannot create moral goals, even though they may provide
means by which they could be achieved. ‘Science cannot create ends
and, even less, instill them in human beings; science, at most, can
supply the means by which to attain certain ends.’ Moral objectives
or values do not arise as a result of scientific inquiry, although
science might help implement their application – for example, in the
field of medicine.

Einstein was clear that ‘those convictions which are necessary and
determinant for our conduct and judgements’ lie beyond the scope of
the natural sciences.



The scientific method can teach us nothing beyond how facts are
related to, and conditioned by, each other. … The knowledge of
what is does not open the door directly to what should be. One can
have the clearest and most complete knowledge of what is, and yet
not be able to deduce from that what should be the goal of our
human aspirations.

Einstein is clear that both the identity of this goal, and the
motivation to reach it, ‘must come from another source’.

The eighteenth‐century philosopher David Hume is widely credited
with establishing the disjunction between ‘is’ and ‘ought’. In his
Treatise of Human Nature, Hume considers the question of ‘Moral
Distinctions Not derived from Reason’. There is, he pointed out, a
significant difference between positive statements about what is and
prescriptive or normative statements about what ought to be. Hume
did not say that this could not be done; he rightly noted that it was
not a straightforward process.

For Hume, there seemed to be no logically valid arguments from
non‐moral observation to moral prescription. The force of Hume's
point is somewhat reduced by the fact that at various points in his
writings, he himself draws particular moral conclusions towards
which he is personally sympathetic by inference from causal, factual
premises. Nevertheless, his point remains significant: it is difficult to
move from descriptive statements to prescriptive ones.

Hume's argument has, as might be expected, been subjected to
extensive scrutiny, and is often the starting point for discussions
about the relation between science and morality. How might
scientific analysis of our world – which is about description and
interpretation of that world – be connected with statements about
how we ought to act within that world. To explore this question, we
shall consider two broad areas of discussion: first, whether Darwin's
theory of natural selection can act as the basis for human moral
values; and second, whether the notion of ‘wellbeing’ can serve as the
foundation for ethics.

Evolution and Ethics: The Debate about
Darwinism and Morality



Thomas H. Huxley was one of the most noted supporters of Darwin's
theory of natural selection in England during the Victorian period.
Although his 1860 Oxford debate with Samuel Wilberforce has been
seriously misrepresented in works of popular science, there is no
doubt of his firm intellectual grasp of Darwin's theory of natural
selection, nor his reasons for believing that it was scientifically
reliable. But what was its relevance for moral philosophy?

In his 1893 Romanes Lecture at Oxford University, entitled
‘Evolution and Ethics’, Huxley made it clear that he considered ethics
and Darwinian evolutionary theory to be radically incompatible.
Although Hume's concerns about the relation of ‘is’ and ‘ought’ can
be discerned in Huxley's analysis, his core point is that human beings
are fundamentally animals that have triumphed in the ‘struggle for
existence’ on account of their ‘ruthless and ferocious
destructiveness’. Yet this capacity for violence and destruction, once
a virtue, becomes a vice with the emergence of social culture. As a
result, the moral characteristics which allowed human beings to
triumph in the ‘struggle for existence’ are no longer seen to be
‘reconcilable with sound ethical principles’.

Ethics, for Huxley, is thus a principled resistance to precisely those
animal qualities that secured human domination of the living world,
and the Darwinian processes that underlie them. We must learn to
conquer and subdue the natural animal instincts that linger within
us. Our hereditary history continues to shape our present – and it
must be resisted, even though it cannot be eradicated. ‘The practice
of that which is ethically best – what we call goodness or virtue –
involves a course of conduct which, in all respects, is opposed to that
which leads to success in the cosmic struggle for existence.’ While
evolution may explain the origins of ethics, it cannot function as the
basis of ethics.

Evolution may teach us how the good and the evil tendencies of
man may have come about; but, in itself, it is incompetent to
furnish any better reason why what we call good is preferable to
what we call evil than we had before.

This leads Huxley to draw the conclusion that, were civilization and
culture to collapse, humanity would revert to its former violent ways.
Huxley invited his Oxford audience to imagine a piece of land in its



natural state, and then compare this with what it would look like if
someone were to transform that landscape into a garden. Yet the
garden requires to be maintained. If its gardeners were to cease
cultivating the garden, it would return to its natural state. For
Huxley, the collapse of human culture would lead to the reversion of
humanity to its natural animal state.

Others, however, disagreed with Huxley's estimation – including his
grandson, the noted biologist Julian Huxley. In 1943 – fifty years
after his grandfather's Oxford lecture – Julian Huxley argued that an
understanding of the evolutionary process allows us to understand
how ‘ought’ emerges from ‘is’. Evolution was moving towards a
definite goal, and the emergence of ethics was part of that goal.
Edward O. Wilson's book Sociobiology (1975) agreed with Julian
Huxley that ethics arises from the evolutionary process, but rejected
the idea that evolution is directed or consciously moving toward
some goal. Although Wilson could see no biological foundation for
Julian Huxley's concerns, he was quite clear of the importance of
biology in accounting for the origins of moral values. ‘Scientists and
humanists should consider together the possibility that the time has
come for ethics to be removed temporarily from the hands of the
philosophers and biologicized.’ The origins of human moral
intuitions were to be accounted for in terms of the evolutionary
history of humanity.

Wilson did not propose his own ‘biologicized’ ethic, but probed some
of the questions that he considered to require further exploration in
the wider field of ethics. For example, are our moral instincts
inherited from the past, reflecting long‐gone historical contexts?
When viewed from a strictly scientific perspective, Wilson's approach
raised important questions. Is the human capacity for normative
guidance to be seen as a biological adaptation, which may have
conferred a selective advantage in the past – though not necessarily
in the present – by enhancing social cohesion and cooperation within
groups? And, if so, does this invalidate or confirm such norms of
behaviour and feelings? Richard Alexander offers a helpful reflection
on the problems we face in trying to reflect on the complex relation
between evolution and ethics.



Evolutionary analysis can tell us much about our history and
existing systems of laws and norms, and also about how to achieve
any goals deemed desirable; but it has essentially nothing to say
about what goals are desirable, or the directions in which laws and
norms should be modified in the future.

Neuroscience and Ethics: Sam Harris on the
Moral Landscape
In recent years, many works have appeared offering scientific
accounts of why morality is important, or why human beings
consider certain moral values to be significant. A good example is
Jonathan Haidt, The Righteous Mind: Why Good People Are
Divided by Politics and Religion (2013), which offers some
important insights drawn from psychology, sociology, and
anthropology. Yet it is important to note that Haidt's analysis is not
concerned with the scientific determination of moral values. His
concern is to help his readers negotiate the issues that arise from
moral intuitions and debates. Haidt himself does not take a stand on
what is to be judged to be good or bad but is concerned with
exploring what individuals and societies actually consider to be good
or bad, whether or not they are right in doing so.

Yet some have argued that science is able to determine and define
objective moral values. In 2011, Sam Harris published The Moral
Landscape, a short work arguing for the objectivity of moral values,
which he held to be securely grounded in the natural sciences,
particularly neuroscience. Harris was critical of E. O. Wilson's
reflections on the relation of evolution and ethics, arguing that, while
evolution did not design us ‘to lead deeply fulfilling lives’, human
ethical reflection must clearly take this goal into account. Harris's
approach to ethics goes much further than Albert Einstein, who both
acknowledged and welcomed an informing scientific perspective on
moral questions. For Harris, science can and should determine our
values – a theme explicitly stated in the work's subtitle ‘How Science
Can Determine Human Values’.

Harris's advocacy of an objective scientific morality has three core
elements, all focusing on the objective determination of the ‘well‐
being of conscious creatures’:



1. Morality concerns improving the ‘well‐being of conscious
creatures’ and the identification of ‘principles of behavior that
allow people to flourish’.

2. Facts about what promotes and harms the ‘well‐being of
conscious creatures’ are accessible to science.

3. Therefore science can determine what is objectively ‘moral’, in
that it can determine whether something increases or decreases
the ‘well‐being of conscious creatures’.

However, critical readers of Harris are likely to conclude that he
merely asserts the untested and inherently untestable hypothesis
that morality is to be deemed equivalent to maintaining or enhancing
the ‘well‐being of conscious creatures’. This core presupposition does
not appear to be derived from any form of empirical investigation,
however provisional. It is an unevidenced, metaphysical assumption,
not a scientific conclusion. So what scientific reasons might be given
for preferring Harris's definitions of moral terms in preference to the
rival versions offered by social contract theorists, virtue ethicists, or
any other of the many schools of moral theory currently on offer?

One of the most significant criticisms of Harris is due to the
American biologist and philosopher Massimo Pigliucci, who argues
for the need to distinguish between value judgements and matters of
fact. Pigliucci pointed out that Harris appears to be making a
fundamental categorical mistake: ‘What he calls values are instead
empirical facts about how to achieve human wellbeing.’ For example,
Harris criticizes the corporal punishment of children. Pigliucci
shares this view, but points out how Harris makes himself vulnerable
on this issue:

What if a scientific study showed that indeed, hitting children
does have a measurable effect on improving those desirable traits?
Harris would then have to concede that corporal punishment is
moral, but somehow I doubt he would. And I certainly wouldn’t,
because my moral intuition (yes, that’s what I’m going to call it,
deal with it) tells me that purposefully inflicting pain on children
is wrong, regardless of whatever the empirical evidence says.



George Ellis develops this point further, pointing out the influence of
cultural factors in determining whether it is the wellbeing of
individuals or communities that is of greater importance. Might
Harris's view reflect the core assumptions of a WEIRD (Western,
Educated, Industrialized, Rich, and Democratic) culture, which is
taken for granted by those living in such cultures, but not elsewhere.
Many Asian cultures, for example, consider that the welfare of a
group trumps the welfare of individuals. Is Harris simply assuming
as self‐evidently true some views that have secured traction in
sections of Western culture, yet are not accepted anywhere else?

In the end, Harris's emphasis on the ‘maximization of well‐being’
leads him to adopt the ethical position usually known as
‘utilitarianism’ (although Harris does not himself describe his
position in this way). Yet this approach to morality fails to explain
why the maximization of the ‘well‐being of conscious creatures’ is of
moral significance. The philosopher Whitley Kaufman points out a
problem with Harris's strategy:

It makes the term ‘well‐being’ so utterly vacuous that we no longer
have any moral theory at all, for now we need a theory to tell us
what constitutes well‐being, and how such values as justice and
happiness are to be traded off against each other.

Kaufman further highlights the fact that Harris's defence of his
ethical method is actually philosophical, not scientific. Although
Harris continually appeals to ‘science’, he is in fact presenting a
contentious and rather implausible moral philosophy.

One of the oddities of this book is that the single concrete finding
that Harris claims to have made in the book, that utilitarianism is
the correct moral theory (the rest is mere promissory notes about
a future science of ethics), is not in any reasonable sense a
‘scientific’ finding.

For Kaufman, there is no meaningful sense in which the ‘scientific
method’ applies to these moral issues. Harris, he argues, does not
bring any special expertise to the debate as a neuroscientist, or draw
on any dramatic and compelling new findings from the realm of
science in defending his position.



Harris's argument for the moral authority of science ultimately rests
on unacknowledged core philosophical principles. Many would
suggest his approach represents a form of scientism, which seeks to
extend the scope of science through a rhetorical trivialization of the
moral authority of its obvious cultural alternatives – philosophy and
religion. Moral philosophy and theology have a long history of
reflection on the classic themes of ethics, and their application to
everyday life. As Pigliucci points out, the suggestion of an analogy
between physical health and well‐being (or flourishing) is not new,
and is an important aspect of neo‐Aristotelian philosophical
reflection.

Harris's views on the capacity of science to determine moral values
naturally leads us to reflect further on questions relating to the scope
of science, particularly in relation to religion. In what follows, we
shall consider the highly contested issue of whether reality is limited
to what can be uncovered or disclosed by the scientific method.

Philosophy of Science: Is Reality Limited to What
the Sciences Can Disclose?
We use many tools to understand our world and our place within it,
and to explore the question of how we should live authentically and
meaningfully. Science, ethics, poetry, and religion all feed into this
discussion. The natural sciences have achieved considerable success
in explaining aspects of the structure and behaviour of the universe.
So how do the natural sciences relate to other sources of knowledge?

There are two central questions here. The first is to identify the
distinct methods that are characteristic of the natural sciences and
consider how these relate to other forms of inquiry – such as
philosophy or theology. The second is to ask whether either the
scientific method itself, or the outcomes of its application, have some
privileged or even exclusive authority in determining what is true
knowledge. Some refer to such an approach as a ‘strong
methodological naturalism’, which holds that ‘the only valid source
of knowledge of the natural world is the natural sciences’. Others,
such as Massimo Pigliucci, use the term ‘scientism’ to designate the
‘totalizing attitude that regards science as the ultimate standard and



arbiter of all interesting questions; or alternatively that seeks to
expand the very definition and scope of science to encompass all
aspects of human knowledge and understanding.’

A good example of this approach can be seen in the writings of the
Harvard geneticist Richard Lewontin, who argues that a materialist
ontology – which he considers to be fundamental to the scientific
method – entails commitment to scientism. Despite all its failings
and contradictions, science is the only reliable way of understanding
our world.

When science speaks to members of the general public the
problem is to get them to reject irrational and supernatural
explanations of the world, the demons that exist only in their
imaginations, and to accept a social intellectual apparatus,
Science, as the only begetter of truth. … We take the side of
science in spite of the patent absurdity of some of its constructs, in
spite of its failure to fulfill many of its extravagant promises of
health and life, in spite of the tolerance of the scientific
community for unsubstantiated just‐so stories, because we have a
prior commitment, a commitment to materialism.

Yet Lewontin seems unwilling to face up to the fact that what he
defends here is not science, but a specific metaphysical position
which lies beyond the scope of science to confirm. Lewontin merely
equates science with a philosophical naturalism or materialism,
apparently failing to realize that there is a substantial metaphysical
gulf between methodological naturalism and a philosophical
naturalism. Why, it may reasonably be asked, does a scientist have to
sign up to ‘materialism’?

The American philosopher Alex Rosenberg is an excellent example of
a self‐defined ‘scientistic’ writer who insists that reality is limited to
what the sciences – specifically physics – can disclose. In his
Atheist's Guide to Reality, Rosenberg argues that the only reality is
that which can be disclosed by the application of the scientific
method.



Science provides all the significant truths about reality, and
knowing such truths is what real understanding is all about. …
Being scientistic just means treating science as our exclusive guide
to reality, to nature – both our own nature and everything else's.

Rosenberg concedes that scientism finds itself trapped in a viciously
circular argument from which no experiment can extricate it, in that
it has to assume its own authority in order to confirm it. Having
adopted an epistemology which limits reality to what science can
disclose, scientism makes the ontological claim that reality is limited
to what science can disclose. For this reason, Rosenberg argues we
cannot validly hold to moral values, in that these cannot be
established securely by the scientific method. ‘We have to be nihilists
about the purpose of things in general, about the purpose of
biological life in particular, and the purpose of life in general.’ There
is, he declares, no fundamental difference between right and wrong,
good and bad. So is he right to argue in this way?

The natural sciences are widely held to be characterized by
‘methodological naturalism’ – an attempt to identify the processes
and patterns that can be discerned within the natural world, and to
formulate theories which appear capable of accounting for these
regularities. This is fundamentally an attempt to offer a coherent
understanding of nature itself, which allows us to position events and
observations within a wider and deeper explanatory context. This
research method will vary from one scientific discipline to another,
in that its formulation and application will depend on the precise
object of study, and the limits that this imposes upon its
investigation. Ontology, so to speak, determines epistemology; the
nature of the object under investigation determines how it is known,
and the extent to which it can be known.

The natural sciences are thus a way of understanding the natural
world on the basis of the natural forces and processes which may be
observed within it, or inferred to exist from what is observed.
Newton's concept of gravity is a good example of an unobserved force
whose existence was indicated by observations of the natural world.
Methodological naturalism is the method of investigation that is
characteristic of the natural sciences; this does not, however, exclude



other research methods or approaches to reality. They may be right –
but they are not scientific.

Science has established a set of tested and reliable rules and methods
by which it investigates reality, and ‘methodological materialism’ is
one of them. Yet this is about developing reliable and workable rules
for exploring reality, not limiting reality to what can be explored in
this way. It does not mean that science is committed to some kind of
philosophical materialism. While it is true that some materialists
argue that the explanatory successes of science seems to endorse an
underlying ontological materialism, this is simply one of several ways
of interpreting this approach, and there are others with widespread
support within the scientific community. Eugenie Scott, then director
of the National Center for Science Education, made this point neatly
back in 1993: ‘Science neither denies nor opposes the supernatural,
but ignores the supernatural for methodological reasons.’ Science is
a non‐theistic, not an anti‐theistic, way of engaging reality.

It is important to note that the scientific commitment to a
methodological naturalism means that the sciences are unable to
comment meaningfully on theological questions. The consensual
working method of the natural sciences proceeds as if the natural
world is to be investigated and explained using purely natural
categories. This means that scientific answers are determined by this
methodology; in that theistic or ‘supernatural’ entities or theories are
excluded as a matter of principle by this method, science cannot
comment on theological matters. They are not amenable to
investigation by scientific methods.

Some writers have suggested that an expanded vision of the natural
sciences might include theistic assumptions. The philosopher Alvin
Plantinga, for example, argued that Christians should include such
Christian ideas as special divine action within their scientific
reflection. Others have resisted this development, pointing out that
these are non‐scientific assumptions which can nevertheless be
woven into a greater vision of reality than the natural sciences are
able to offer unaided. As Ernan McMullin points out:
‘Methodological naturalism does not restrict our study of nature; it
just lays down which sort of study qualifies as scientific.’ Other



research methods beyond the natural sciences may supplement their
insights.

Where Plantinga proposes enfolding theism within an expanded
vision of science – which many, it must be said, would not recognize
as science! – McMullin proposes weaving scientific insights with
theological insights outside a specifically scientific context or
method. For McMullin, using methodological naturalism as a
research tool in the natural sciences does not commit the Christian
to metaphysical naturalism which excludes God from its account of
reality. Science is one of a number of ways of explaining and
exploring our world; it can be complemented by other methods and
approaches.

Some scientists and philosophers, however, argue that science alone
can answer all of life's important questions, and thus claim an
exclusive authority for the natural sciences in answering them. The
philosopher Ian Kidd has argued that three basic ‘impulses’ or ‘urges’
can be seen behind the rise of scientism:

1. An imperialist urge – a compulsion to extend the concepts,
methods, and practices of scientific enquiry into areas in which
their competency is at best uncalibrated, and almost certainly
problematic.

2. A salvific urge – an insistence that science, or what some people
take to be science, can satisfy our ethical, spiritual, and
existential concerns and needs.

3. An absolutist urge – a compulsion to assign to science the
exclusive task of providing complete, absolute, and ‘totalizing’
accounts of life, the universe, and everything.

Such forms of scientism are, however, open to some significant
criticisms. We have already noted how scientism finds itself trapped
in a viciously circular argument from which no experiment can
extricate it, in that it has to assume its own authority in order to
confirm it. Yet scientism is really a somewhat aggressive naturalist
philosophy which has been grafted onto the natural sciences. Inflated
forms of scientism, which treat science as the ‘ultimate standard and
arbiter of all interesting questions’ are actually making second‐order



philosophical claims about science that cannot be verified
empirically; a refutation of this point must therefore rest on
philosophical, not scientific, arguments. As the American
philosopher Edward C. Feser argues, the price of getting out of this
vicious circle seems to be forfeiting such spurious claims to
intellectual privilege.

To break out of this circle requires ‘getting outside’ of science
altogether and discovering from that extra‐scientific vantage point
that science conveys an accurate picture of reality – and, if
scientism is to be justified, that only science does so. But then the
very existence of that extra‐scientific vantage point would falsify
the claim that science alone gives us a rational means of
investigating objective reality.

These claims on the part of scientism are unsurprisingly seen as
being arrogant by non‐scientists. Consider, for example, the views of
the Oxford philosopher Timothy Williamson, who points out that
Rosenberg's approach has difficulty accounting for the success of
mathematics – a point to which we shall return later. ‘Naturalism
privileges the scientific method over all others, and mathematics is
one of the most spectacular success stories in the history of human
knowledge.’ Yet mathematics does not use experimental or empirical
methods but proves its results by pure reasoning. It does not fit into
Rosenberg's severely impoverished account of how we investigate
reality. Mathematical proof is just as effective a route to knowledge
as experimental or observational methods.

Perhaps more significantly, Williamson challenges the validity of ‘the
extreme naturalist claim that all truths are discoverable by hard
science’. Why should we believe that this is true? What is its
evidential basis? Williamson's point is difficult to refute.

If it is true that all truths are discoverable by hard science, then it
is discoverable by hard science that all truths are discoverable by
hard science. But it is not discoverable by hard science that all
truths are discoverable by hard science. ‘Are all truths
discoverable by hard science?’ is not a question of hard science.
Therefore the extreme naturalist claim is not true.



For the philosopher Mary Midgley, ‘scientism's mistake does not lie
in over‐praising one form of [knowledge], but in cutting that form off
from the rest of thought, in treating it as a victor who has put all the
rest out of business.’ Yet the real problem is that the rich variety of
human discourses and experience prove resistant to even the most
persistent demands that they should be reduced to any single
vocabulary, whether this is scientific or something else. Midgley
insists that most of the important questions in human life demanded
a number of different conceptual tool‐boxes that needed to be used
together. If a single perspective on reality is allowed to become
normative, the outcome is inevitably a ‘bizarrely restrictive view of
meaning’. Midgley's approach recognizes the need for ‘multiple
maps’ of a complex reality. No single approach is adequate; different
angles of approach and research methodologies are required in order
for the human mind to secure a maximal grasp of the universe.

The analysis presented in this section suggests that the natural
sciences are best seen as disclosing important – though limited –
insights into our universe, which are capable of supplementation or
enrichment from other sources, such as moral philosophy or religion.

Philosophy of Religion: Theodicy in a Darwinian
World
The question of why suffering or pain exists in the world has been
the subject of much discussion. As Richard Dawkins and others have
pointed out, from a biological point of view, suffering and death are
inevitable elements of the evolutionary process. That's just the way
things are. Others, however, see suffering as potentially raising
difficulties for their ways of thinking about the world. The continued
existence of suffering causes problems for at least two narratives that
the sociologist Christian Smith identifies as playing an important
role in Western culture. Those committed to a ‘progress narrative’
find themselves troubled by the apparent inability of human beings
to eliminate suffering – a problem made worse by the development
of technology deliberately designed to cause pain and death – such
as napalm and designer pathogens. Those committed to a ‘Christian
narrative’ experience at least some degree of intellectual discomfort.



If God is good or perfect, surely the creation ought to be better than
this?

Darwin's theory of natural selection raised many questions for
religious thought, including the critically important matter of the
status of humanity within the natural order as a whole. Yet Darwin
himself was acutely aware of the problem of the wastefulness of the
evolutionary process, and the suffering that it presupposed. His
letter to Asa Gray of May 1860 makes this point with considerable
force:

But I own that I cannot see, as plainly as others do, and as I
should wish to do, evidence of design and beneficence on all sides
of us. There seems to me too much misery in the world. I cannot
persuade myself that a beneficent and omnipotent God would
have designedly created the [Ichneumon wasp] with the express
intention of their feeding within the living bodies of caterpillars,
or that a cat should play with mice.

Darwin's model of evolution envisages the emergence of the animal
kingdom as taking place over a vastly extended period of time,
involving suffering and apparent wastage that go far beyond the
concerns of traditional approaches to theodicy. As the Oxford
theologian Bethany Sollereder points out in a series of recent
important interventions, human beings were not in any way involved
in such suffering, in that the gratuitous suffering we observe in the
natural world precedes human existence by hundreds of millions of
years. Darwin's theory of evolution can be seen to intensify an
existing problem, by highlighting the extent of suffering over the
period of evolutionary history. The issue of theodicy – the offering of
an explanation or justification of the existence of pain and suffering
in a world created by God – thus became increasingly important.

It is important to avoid framing such discussions in terms of ‘natural
evil’. The judgement that any natural process is ‘evil’ is unsustainable
from an evolutionary point of view. Such a moral evaluation is not
based on natural criteria, but on the imposition of a human moral
framework. We may consider that the shifting of a tectonic plate is
‘evil’, in the light of our perception of its implications. Yet the shifting
of tectonic plates is just natural. The additional judgement that it is,
or leads to, evil cannot be defended from a scientific perspective. It is



only because we observe nature through a particular moral lens that
we can speak of natural suffering being ‘evil’.

It is, however, perfectly proper to ask why suffering and pain seem to
be an inbuilt aspect of the natural world and reflect on their religious
significance. William Paley was aware of the existence of suffering
and pain in nature, and believed that their existence could be
satisfactorily accommodated within the notion of the divine
‘contrivance’ of the world. Pain within the natural world might be
held to represent ‘a defect in the contrivance: but it is not the object
of it’. Creation is thus held to reflect God's benevolent purposes, even
where these are imperfectly executed.

One of the most important recent discussions of the problem of
suffering in evolutionary perspectives is due to the British theologian
Christopher Southgate. In his Groaning of Creation (2008),
Southgate sets out to offer a theologically rigorous engagement with
the problem of suffering in evolution. Rightly recognizing the severe
limitations of non‐Trinitarian approaches to the question, such as
process thought, Southgate develops an approach based on the
Pauline motif of the ‘groaning of creation’ (Romans 8). Southgate's
concern to remain faithful to core themes of the Christian tradition
also leads him to reject the approach of Pierre Teilhard de Chardin,
who held that God used ‘evolutionary centration’ to bring about a
convergence upon a glorious, God‐centred final culmination of
evolution. For Southgate, the biblical theme of ‘the mighty
redeeming act of God inaugurated in the Cross of Christ’ seems to
offer a much more theologically secure foundation for such
reflections.

The problem of evolutionary suffering is thus seen through a
theological lens shaped by most of the leading themes of a
Trinitarian view of reality – such as the notion of creation ex nihilo
and the final consummation, yet specifically excluding the notion of
an historical fall, as traditionally interpreted. Southgate's Trinitarian
theology of creation extends to include the notion that God's self‐
emptying love is expressed in incarnational kenosis. His approach
weaves together the following five themes:



1. Pain, suffering, death, and extinction are inevitable outcomes for
a creation that is evolving according to Darwinian principles.

2. An evolving creation is the only means by which God could give
rise to all the beauty, diversity, sentience, and sophistication we
observe around us in the biosphere.

3. God suffers along with every sentient being in creation. The
cross of Christ is interpreted as a historic moment of
manifestation and embodiment of divine compassion, in which
God assumes ultimate responsibility for the suffering and pain
of the ‘groaning’ created order.

4. The cross and resurrection inaugurate the transformation of the
creation, which culminates in the final ending of the groaning of
creation in the eschatological renewal.

5. God regards no creature as a mere evolutionary expedient or
intermediary but provides an eschatological fulfilment for each
creature. The non‐human creation will be represented in
heaven.

Southgate's approach is rich in insights. One example is the dialectic
between disvalue and value within the evolutionary process, which
pits the disvalue of the suffering of individual animals on the one
hand against the value of the survival of their species that this
suffering helps to make possible on the other. It is a point made
earlier by the environmental ethicist Holmes Rolston, who argues
that processes which are intrinsic to the evolutionary process can
indeed give rise to pain and suffering, but can also be instrumental in
enhancing values, by giving rise to new forms of existence. Rolston
expresses this general point using an often‐quoted aphorism: ‘The
cougar's fang sharpens the deer's sight, the deer's fleet‐footedness
shapes a more supple lioness.’

Similar points are made by the Oxford theologian Bethany
Sollereder, who notes that God's intention is not evil or suffering, but
rather to make possible new and better forms of existence within the
evolutionary process. Picking up on Darwin's concerns about the
Ichneumon wasp, she offers an alternative theological reading of this
observation.



God did not design the parasitic Ichneumon wasp to lay eggs
within a living host, but God's love created an open field of
possibilities in which the Ichneumon would have the freedom to
develop that survival technique as it pursued its desires.

In general, three distinct themes have emerged as characteristic of
recent Christian reflections on the apologetic concerns arising from
evolutionary suffering, whether woven together into a coherent
tapestry, or asserted individually as significant in their own right.

1. God suffers within the created order, experiencing the pain of
creation. This theme became significant in Christian theology
during the 1970s, partly as a result of the influence of Jürgen
Moltmann's Crucified God (1974). The theme of God's suffering
within the evolutionary process, hitherto confined to the realm
of process thought, now became an option for mainline
theology. God can be said to suffer in, with, and under the
creative yet costly processes of the world as they unfold over vast
periods of time. Sollereder captures this point as follows: ‘God is
vulnerable to creation in love, which means that God co‐suffers
with the creation, and thus participates in and accompanies the
pain of the non‐human world.’

2. In order for the world to generate the rich diversity of life that
we currently know, including human beings, there has to be
pain, suffering, and death. For Bethany Sollereder, evolution is
‘God's process for creating, and it is full of suffering, extinction,
untimely death, and disvalue.’ There is no other way to
biological diversity other than through processes of development
and competition, in which some species die out, to be replaced
by others. If God is the ultimate source of novelty in evolution,
God must also be the cause of instability and disorder,
conditions essential to life. As limited human observers of this
evolutionary process, we are not in a position to suggest that
that the pain, suffering, and ‘disvalues’ associated with the
evolutionary process are not justified in terms of the values that
it creates.

3. The universe must be seen in an eschatological perspective,
looking towards its final consummation and transformation.



The importance of eschatology in relation to the problem of
suffering and evil has long been recognized. We are, many
argue, enabled to cope with suffering through the hope of its
final transformation in the New Jerusalem. It has proved
natural to apply such a framework to the question of suffering in
the evolutionary process. This is a major theme in Southgate's
approach, which holds that the animal world will be part of the
outcome of cosmic renewal that is traditionally referred to as
‘heaven’. We can look at the world through a three‐lensed
triptych which views the darkness in light of the glory of
creation, the glory of the cross, and the glory of eschatological
redemption.

The three glories form … a triptych with an eschatological
perspective, the creation as it will be in its transformed state.
Gloria mundi, what the not‐yet‐completely redeemed world
discloses of its creator, must be appropriated and understood in
the context of Gloria crucis, of all we see of God in the Passion of
Christ – and this in turn opens up and is informed by what one
might term Gloria in excelsis, the eschatological song of the new
creation, in which creaturely flourishing will be attained without
creaturely struggle.

Theology: Transhumanism, the ‘Image of God’,
and Human Identity
Classic forms of humanism, expressed in works such as Giovanni
Pico della Mirandola's Oration on the Dignity of Man, emphasized
the beauty and elegance of human nature, taking delight in the
complexity of the human body and the range of human
achievements. More recently, however, schools of thought have
emerged which see human nature as a ‘work‐in‐progress, a half‐
baked beginning that we can learn to remould in desirable ways’. The
term ‘transhumanism’ was coined by Julian Huxley in 1957 to
designate the view that science could enable humans to transcend
their present limits and thus to fulfil their ultimate potential. The
related term ‘Posthuman’ has come to be used to refer to what
humans might become if transhumanist objectives were achieved.



The ‘transhumanist’ movement advocates fundamentally improving
the human condition through technology, thus eliminating ageing
and enhancing human intellectual, physical, and psychological
capacities. Technological enhancement, it is argued, will enable
human beings to transcend their biological limits. An example of this
kind of technological enhancement is the future development of
artificial red blood cells, capable of transporting oxygen and carbon
dioxide more efficiently in human blood. These artificial cells would
not be limited by the materials and pressures that arise naturally,
thus enabling a performance far beyond the range of natural red
blood cells.

Some will see this intervention in human as ‘playing at being God’.
However, it is fair to point out that human beings already depend
extensively on scientific interventions – such as drugs and surgery –
to promote the quality and extend the range of life. The real question
is whether transhumanism represents an extension of existing
practices or a new approach altogether, one which is moving us into
unfamiliar and disturbing ethical and social territory.

Transhumanists often assume that technological augmentation of
natural human cognitive capacities will lead to moral excellence, in
effect regarding selfishness and our innate tendencies towards
destructive patterns of thought and action as arising from our
present cognitive limits that can be remedied by boosting our
cognitive capacities. It's an interesting suggestion.

Yet some would argue that this development is ambivalent and might
lead to deeper problems emerging. Nick Bostrom, one of the most
significant and influential transhumanist philosophers, rightly
queries any simplistic equation of technological advances with the
notion of progress itself.

It may be tempting to refer to the expansion of technological
capacities as ‘progress’. But this term has evaluative connotations
– of things getting better – and it is far from a conceptual truth
that expansion of technological capabilities makes things go
better.

Bostrom here alludes to concerns raised in the 1960s by Victor
Ferkiss. What if these enhancements led to a technological dystopia?



Like most accounts of the shape of the future dating from the 1950s
and 1960s, Ferkiss's projections of the human future seem a little
naïve today; yet his real interest lies not in predicting the future
direction of technology, but whether human beings have the moral
character and capacity for wisdom to cope with these new
developments in their abilities.

What if the new man combines the animal irrationality of
primitive man with the calculated greed and power‐lust of
industrial man, while possessing the God‐like powers granted him
by technology? This would be the ultimate horror.

Some Christian writers such as the Lutheran theologian Ted Peters
are concerned that secular transhumanists do not take the sinfulness
of human nature seriously enough, and are insufficiently alert to the
fragility of the human vision of morality.

The rise and development of transhumanism raises some
fundamental questions about human nature, some of which are
clearly religious in nature. In the case of Christianity, human identity
and distinctiveness is partly framed in terms of humanity bearing the
‘image of God’ (Genesis 1:26–27). This notion is not elaborated
elsewhere in the biblical texts, which means that there is some
debate about what this concept actually means and what its
implications might be. For our purposes in this section, the question
is whether allowing or imposing a radical change in human nature
compromises human identity as creatures made in the image of God?

A central question here is whether the theological notion of being
created in the ‘image of God’ implies fixity of human identity, or
whether it creates the possibility of human transformation through
the exercise of the faculties that are understood to be part of the
created human endowment. Few, however, have suggested that
physical, cultural, or mental alterations to the human person amount
to the violation of something sacred. To explore this further, we shall
consider four main understandings of the notion of the ‘image of
God’ which have emerged during the development of Christian
theology.

1. The sovereignty of God. The Old Testament scholar Gerhard
von Rad argued that there was a specific ancient Near‐Eastern



understanding of the Hebrew word for image – selem – in terms
of the public representation of the authority of a ruler – for
example, in being used to refer to images or statues that
symbolized a king's rule over a region (see, for example, the
golden statue of Nebuchadnezzar, described in Daniel 3:1–7).
The ‘image of God’ might thus serve as a reminder of the
authority of God over humanity. To be created in the ‘image of
God’ could therefore be understood as being accountable to
God.

2. Human correspondence to God. The idea of the ‘image of God’
can be taken to refer to some kind of correspondence between
human reason and the rationality of God as creator. On this
understanding of things, there is an intrinsic resonance between
the structures of the world and human reasoning. This approach
is set out with particular clarity in Augustine's major theological
writing On the Trinity:

The image of the creator is to be found in the rational or
intellectual soul of humanity … [The human soul] has been
created according to the image of God in order that it may use
reason and intellect in order to apprehend and behold God.

For Augustine, we have been created with the intellectual
resources which can set us on the way to finding God by
reflecting on the creation. Although Augustine focused on the
rational aspects of the ‘image of God’, other writers – such as
Reinhold Niebuhr – understood it to enfold the human ability
to self‐transcend.

3. Image and relationality. A third approach holds that the ‘image
of God’ is about the capacity to relate to God. To be created in
the ‘image of God’ is to possess the potential to enter into a
relationship with God. The term ‘image’ here expresses the idea
that God has created humanity with a specific goal – namely, to
relate to God. This theme has played a major role in Christian
spirituality. We are meant to exist in a relationship with our
creator and redeemer.

4. Image and story‐telling. One of the most characteristic features
of human beings is that they tell stories in order to preserve



memories, safeguard personal and communal identity, and
make sense of the world around them. J. R. R. Tolkien (1892–
1973) argued that there was a theological basis for this capacity:
we are created with some narrative template within us, which
means that the image of God is imprinted and reflected in the
stories that we create. The human instinct to tell stories of
meaning is grounded in a Christian doctrine of creation and
offers a theological explanation for our love of narration.
Perhaps more importantly, this approach emphasizes the
importance of human creativity – an idea which Tolkien
expressed in terms of humans being ‘co‐creators’ with God in the
construction of real and imagined worlds.

So how does this broad concept of bearing the ‘image of God’ play
into reflections on the relation of human technological enhancement
and religious approaches to human identity? In what follows, we
shall consider the approaches of two Lutheran theologians with
particular interests in the field of science and religion: Philip Hefner,
Professor Emeritus of Systematic Theology at the Lutheran School of
Theology at Chicago and former Director of the Zygon Center for
Religion and Science, and Ted Peters, Professor of Systematic
Theology at Pacific Lutheran Theological Seminary (Berkeley,
California).

In his influential work The Human Factor (1993), Philip Hefner sets
out the basis of a Christian anthropology rooted in the idea of the
human being as a ‘created co‐creator’. For Hefner, a viable
contemporary theory of the human person must be grounded in the
notion of a God who creates humans as co‐creators. God did not
merely bestow on human beings, but called and empowered them to
choose and create their own freedom. The process of natural
selection contained within itself from the outset the potential for the
future freedom of creation, and the arrival of humanity represents
the point at which creation can be said to have chosen to be free.

Ted Peters develops this concept further, particularly through his
‘proleptic’ view of theology. Peters argues that nature is to be seen
God's creatio continua. Creation is both an event and a process so
that the process of creation is still taking place today. In developing
this point, Peters makes a distinction between two ways of



understanding ‘creation’: ‘archonic’ creation, in which everything is
created at the very beginning and moves towards its final
predetermined goal, and ‘epigenesis’, in which the process of
creation has the capacity for genuine novelty, leading to an open –
rather than a predetermined – future. Humanity is involved in this
process of shaping the future of creation – including its own. Peters
thus suggests that we become more human by joining in the work of
Christ within the evolutionary process, and thus growing into the
likeness of God.

Technology clearly has a role to play in this process of development
and enhancement. Hefner, for example, argues that God has
endowed us with a capacity and yearning for self‐transcendence, in
that we are able to imagine new futures and enact them. Both Hefner
and Peters, however, are aware of how technology can be abused.
Hefner recognizes the importance of acknowledging the fallen aspect
of human nature, and the impact this has on human moral capacities
and the goals of their aspirations. Human creative processes are not
always aligned with God's purposes, so that human cultural attitudes
and technological capacity have been instrumental in bringing the
planet to a point of crisis. The human capacity for creativity is only
one aspect or element of the ‘image of God’; this idea also enfolds
living and acting in accordance with the purposes of God as these are
disclosed and embodied in Christ.

While both Hefner and Peters express concerns about aspects of
transhumanism, their understanding of the ‘image of God’ creates
space for Christianity and transhumanism to converge at points,
particularly in their view that humanity needs to move towards the
future, using creativity to improve creation and the human condition
– but nevertheless remaining human in doing so.

Mathematics: Science and the Language of God
The universe is something that we can partially understand and
represent mathematically. This insight is fundamental to the natural
sciences. Yet in many ways, it is a surprising result. Not only is the
universe governed by laws; these laws are comprehensible to us. As
the philosopher Roger Scruton remarks, the idea that a universe, left
to its own devices, will ‘produce conscious beings, able to look for the



reason and the meaning of things’ is quite remarkable, and demands
some kind of reasoned explanation. John Polkinghorne, a British
theoretical physicist noted for his work on quantum theory, is one of
many to stress both the curiosity of this observation, and its potential
implications. Scientists are so familiar with being able to understand
the world that most of the time they take this for granted. After all, it
is what makes science possible. Yet, Polkinghorne points out, things
could have been very different. ‘The universe might have been a
disorderly chaos rather than an orderly cosmos. Or it might have had
a rationality which was inaccessible to us.’

What is particularly puzzling is why the deep structures of the
universe can be represented mathematically. How could the great
untamable ocean of the universe be represented in the calm, shallow
pool of mathematics? This point was made in a classic essay by the
theoretical physicist and Nobel Laureate Eugene Wigner, entitled
‘The Unreasonable Effectiveness of Mathematics’. One of its closing
sentences highlights the implications of this ‘miracle’ – namely, the
‘appropriateness of the language of mathematics to the formulation
of the laws of physics’. For Wigner, this is a ‘wonderful gift which we
neither understand nor deserve’, a mystery that called out for an
explanation.

When scientists try to make sense of the complexities of our world,
they use mathematics as their torch. Sometimes abstract
mathematical theories that were originally developed without any
practical application in mind later turn out to be powerfully
predictive physical models. Yet our familiarity with this fact has
blunted our awareness that this is actually rather strange. For
Polkinghorne, it was deeply puzzling that there was such a significant
‘congruence between our minds and the universe’. Why does
mathematics (a rationality we experience within ourselves)
correspond so closely to the deep structures of the universe (a
rationality observed beyond ourselves). So what explanations might
be offered for this strange observation?

One possibility is that this might be an extraordinary piece of good
luck – even a miracle. Why should mathematics, the outcome of a
free exploration of the human mind, bear any relation to the
structure of the physical world around us? Now some might suggest



that we could leave it there. It works, and that's all we need to know.
Most, however, will feel that this mystery calls out for an
explanation. As Albert Einstein once remarked: ‘The most
incomprehensible thing about the universe is that it is
comprehensible.’ Einstein believed that while the question of the
intelligibility of the world was raised by science, it went far beyond
science's unaided ability to answer.

This is a good example of the difficulty noted by the philosopher
Ludwig Wittgenstein, who correctly pointed out that the meaning of
a system will not be found within the system itself. Science is very
good at raising profound questions, the answers to which turn out to
lie beyond the scope of the scientific method. So is there what
Eugene Wigner himself called ‘a picture which is a consistent fusion
into a single unit of the little pictures’, which can accommodate this
observation?

Some would dispute that there is anything to explain. They would
argue that the role of mathematics in basic physical theory is simply
organizational, in that we impose meaning and structure on the
world. There is thus no particular mathematical order within the
universe itself. The human mind likes to organize things, leading us
to impose our own ordering on reality by casting a mathematical net
over it. This net creates and imposes order, but the order is invented,
not real.

Yet as Roger Penrose and others have noted, this notion of the
imposition of an invented order fails to explain the extraordinary
precision in the agreement between the best physical theories that
we have come across and the behaviour of our material universe at
its most fundamental levels. Penrose points to Einstein's general
theory of relativity, which improves even upon the already amazingly
accurate Newtonian theory of gravity. Newton's theory was precise to
something like one part in 100 in describing the behaviour of the
solar system. Yet Einstein's theory is not merely much more
accurate; it also predicts completely new effects, such as black holes
and gravitational waves.

Our minds can develop theories which do not simply explain what is
already known, but can predict things we have not yet discovered.
This is a particularly important point when viewed in the light of the



kinds of metaphysical Darwinism which writers such as Daniel
Dennett and Richard Dawkins find so persuasive. Dennett argues
that human thought – including our morality and religion – is
shaped by our evolutionary past. Without realizing it, we are the
prisoners of our genetic history, locked into ways of thinking that
were moulded by our need to survive. Dennett sees Darwinism as a
‘universal acid’, a naturalist philosophy which corrodes religion and
ethics, exposing them as relics from a past, which have no ongoing
place in the present. Dennett's critics, of course, have pointed out
that this has rather negative implications for philosophy as well. If
human rationality is grounded in our evolutionary past, why rely on
it philosophically?

If Dennett's inflated Darwinian narrative is right, the human mind
evolved in response to the need for survival. So what reason is there
for thinking that it can acquire a deep knowledge of reality – such as
the fundamental structure of the universe – when all that is needed
in order for humans to reproduce their genes is to avoid making fatal
errors too often? There is no convincing evolutionary reason for our
ability to develop the rich and complex mathematical theories of our
day, to speculate about the origins of the universe, or to be able to
represent the deep structures of reality mathematically.

During the seventeenth century, many leading scientists began to
think of mathematics as a ‘natural language’ or the ‘language of
nature’. The idea can be seen clearly in the writings of Johannes
Kepler (1571–1630), who regarded geometry as the archetype of the
cosmos, co‐eternal with God as its creator. In his work Harmonices
Mundi (‘Harmonies of the World’, 1619), Kepler argued that, since
geometry had its origins in the mind of God, it was only to be
expected that the created order would conform to its patterns:

In that geometry is part of the divine mind from the origins of
time, even from before the origins of time (for what is there in
God that is not also from God?) has provided God with the
patterns for the creation of the world, and has been transferred to
humanity with the image of God.

A similar theme is found in the writings of Galileo, who spoke of the
universe as a book written using the language of mathematics:



Philosophy is written in that great book which stands open
continually before our eyes (I am talking about the Universe); but
it cannot be understood without learning how to comprehend the
language and interpret the characters in which it is written. It is
written in the language of mathematics, and its characters are
triangles, circles, and other geometrical figures, without which it
is humanly impossible to understand a single word of it.

The growing trend towards the ‘mathematization of nature’, evident
in this passage, reflects this belief that mathematics is the language
in which the ‘book of nature’ is written.

Many leading scientists of the Renaissance saw theology as offering
an imaginative template that enabled them to make sense of the
world. In particular, they considered the notion of humanity bearing
the ‘image of God’ had important epistemic outcomes, including a
propensity or capacity to discern God within creation. The biblical
idea of the ‘image of God’ was developed in significant manners
within the Christian theological tradition, which often conceived it as
a rational or imaginative template pointing to a theistic explanation
of the world.

A similar view was taken by the great Victorian empirical
philosopher William Whewell, whose inductive scientific method
reflected his belief that the ‘Fundamental Ideas’ which we use to
organize our sciences resemble the ideas used by God in the creation
of the physical universe. For Whewell, God has created our minds
such that they contain these ideas (or their ‘germs’), so that ‘they can
and must agree with the world’.

The capacity of a theory – a way of seeing things – to ‘fit things in’, to
show that they are an interconnected part of a greater whole, is
widely agreed to be an indication of its truth. Now this does not
amount to a proof of such a theory, in the strict logical or
mathematical sense of the term. Yet one of the most fundamental
issues in scientific explanation is whether an observation can be
satisfactorily accommodated within a certain way of thinking. Now
this doesn’t prove that a theistic lens is right. After all, various forms
of Platonism also offer a framework for explaining this remarkable,
even magical, capacity of mathematics to map the deepest structures
of the human mind. Perhaps it's not surprising that it is frequently



considered the default metaphysical position for mathematicians.
Yet every scientist knows that there are multiple theoretical
interpretations of every observation. There are lots of possible
explanations; the question is which of these is to be seen as the best.
For many, the idea of God remains one of the simplest, most elegant,
and most satisfying ways of seeing our world and understanding the
place of mathematics within it.

Physics: Does the ‘Anthropic Principle’ have
Religious Significance?
It is generally thought that modern physics and cosmology offer
some of the most important and fruitful possibilities for dialogue
between the sciences and religion. In this section, we shall focus on
two interconnected issues of relevance: the ‘big bang’ and the so‐
called ‘anthropic principle’. We shall consider these in what follows.

As we saw earlier in this work, it is now widely agreed that the
universe had a beginning. This immediately points to at least some
level of affinity or consonance with the Christian idea that the
universe was created. While recognizing that the universe had a
‘beginning’ does not necessarily imply that it was ‘created’, a large
number of writers, such as the Hungarian philosopher and priest
Stanley L. Jaki, have argued that this is the most obvious implication
of the notion of origination. One of the factors which has been of
particular importance in focusing this debate has been the ‘anthropic
principle’, to which we now turn.

The term ‘anthropic principle’ is used in a variety of ways by different
writers; nevertheless, the term is generally used to refer to the
remarkable degree of ‘fine‐tuning’ observed within the natural order.
The American physicist Paul Davies argues that the remarkable
convergence of certain fundamental constants is laden with religious
significance. ‘The seemingly miraculous concurrence of numerical
values that nature has assigned to her fundamental constants must
remain the most compelling evidence for an element of cosmic
design.’

The most accessible introduction to the anthropic principle is widely
agreed to be the 1986 study of John D. Barrow and Frank J. Tipler,



entitled The Anthropic Cosmological Principle. The basic
observation which underlies the principle may be stated as follows:

One of the most important results of twentieth‐century physics
has been the gradual realization that there exist invariant
properties of the natural world and its elementary components
which render the gross size and structure of virtually all its
constituents quite inevitable. The size of stars and planets, and
even people, are neither random nor the result of any Darwinian
selection process from a myriad of possibilities. These, and other
gross features of the Universe are the consequences of necessity;
they are manifestations of the possible equilibrium states between
competing forces of attraction and repulsion. The intrinsic
strengths of these controlling forces of Nature are determined by a
mysterious collection of pure numbers that we call the constants
of Nature.

The importance of this point was brought out in an important review
article published in 1979 in the leading British scientific journal
Nature by B. J. Carr and M. J. Rees. Carr and Rees pointed out how
most natural scales – in particular, the mass and length scales – are
determined by a few physical constants. They concluded that: ‘The
possibility of life as we know it evolving in the Universe depends on
the values of a few physical constants – and is in some respects
remarkably sensitive to their numerical values.’ The constants which
assumed a particularly significant role were the electromagnetic fine
structure constant, the gravitational fine structure constant, and the
electron‐to‐proton mass ratio.

Examples of the ‘fine‐tuning’ of fundamental cosmological constants
include the following:

1. If the strong coupling constant was slightly smaller, hydrogen
would be the only element in the universe. Since the evolution of
life as we know it is fundamentally dependent on the chemical
properties of carbon, that life could not have come into being
without some hydrogen being converted to carbon by nuclear
fusion. On the other hand, if the strong coupling constant were
slightly larger (even by as much as 2%), the hydrogen would
have been converted to helium, with the result that no long‐lived



stars would have been formed. In that such stars are regarded as
essential to the emergence of life, such a conversion would have
led to life as we know it failing to emerge.

2. If the weak fine constant was slightly smaller, no hydrogen
would have formed during the early history of the universe.
Consequently, no stars would have been formed. On the other
hand, if it was slightly larger, supernovae would have been
unable to eject the heavier elements necessary for life. In either
case, life as we know it could not have emerged.

3. If the electromagnetic fine structure constant was slightly larger,
the stars would not be hot enough to warm planets to a
temperature sufficient to maintain life in the form in which we
know it. If smaller, the stars would have burned out too quickly
to allow life to evolve on these planets.

4. If the gravitational fine structure constant were slightly smaller,
stars and planets would not have been able to form, on account
of the gravitational constraints necessary for coalescence of their
constituent material. If stronger, the stars thus formed would
have burned out too quickly to allow the evolution of life (as
with the electromagnetic fine structure constant).

The significance of this evidence of ‘fine‐tuning’ has been the subject
of considerable discussion among scientists, philosophers, and
theologians. There is no doubt that these coincidences are immensely
interesting and thought‐provoking, leading at least some natural
scientists to posit a possible religious explanation for these
observations. ‘As we look out into the Universe and identify the many
accidents of physics and astronomy that have worked together to our
benefit, it almost seems as if the Universe must in some sense have
known that we were coming’ (Freeman Dyson). It must be stressed,
however, that Dyson's view does not command universal assent
within the scientific community, despite its obvious attractions to a
significant subset of that community which endorses the notion of a
creator God.

It is certainly true that the anthropic principle, whether stated in a
weak or strong form, is strongly consistent with a theistic
perspective. A theist (for example, a Christian) with a firm



commitment to a doctrine of creation will find the ‘fine‐tuning’ of the
universe to be an anticipated and pleasant confirmation of his
religious beliefs. This would not constitute a proof of the existence of
God, but would be an important element in a cumulative series of
considerations which is at the very least consistent with the existence
of a creator God. This is the kind of argument set forth by F. R.
Tennant (1886–1957) in his important study Philosophical Theology
(1930), which many believe used the term ‘anthropic’ for the first
time to designate this specific type of teleological argument:

The forcibleness of Nature's suggestion that she is the outcome of
intelligent design lies not in particular cases of adaptedness in the
world, nor even in the multiplicity of them … [but] consists rather
in the conspiration of innumerable causes to produce, either by
united or reciprocal action, and to maintain, a general order of
Nature. Narrower kinds of teleological arguments, based on
surveys of restricted spheres of fact, are much more precarious
than that for which the name of ‘the wider teleology’ may be
appropriated in that the comprehensive design‐argument is the
outcome of synopsis or conspection of the knowable world.

This does not mean that the factors noted above constitute
irrefutable evidence for the existence or character of a creator God;
few religious thinkers would suggest that this is the case. What would
be affirmed, however, is that they are consistent with a theistic
worldview; that they can be accommodated with the greatest of ease
within such a worldview; that they reinforce the plausibility of such a
worldview for those who are already committed to one; and that they
offer apologetic possibilities for those who do not yet hold a theistic
position.

But what of those who do not hold a religious viewpoint? What status
might the ‘anthropic principle’ have in relation to the long‐standing
debate about the existence and nature of God, or the divine design of
the universe? Peter Atkins, a physical chemist with stridently anti‐
religious views, notes that the ‘fine‐tuning’ of the world may appear
to be miraculous; however, he argues that, on closer inspection, a
purely naturalist explanation may be offered.

And what of the notion of the ‘multiverse’? This debate continues,
with no obvious sign of resolution. The crux of the debate is whether



there exists a singular universe, or a multiplicity of universes. The
possibility of multiple universes comes from the idea of an
inflationary universe, first proposed by Alan Guth in 1981. One way
of making theoretical sense of the observed properties of the
universe is to suggest that it underwent massive inflation in the first
instant – less than a trillionth of a second – of its existence. This
involved the emergence of a multiplicity of universes.

On this approach, we happen to live in a universe with biologically
friendly properties. We do not inhabit or observe other universes,
where these conditions do not pertain. Our insights are restricted by
observation selection effects, which means that our location within a
biophilic universe inclines us to propose that the entire cosmos
possesses such properties, when in fact other universes will exist
which are inimical to life. Indeed, some argue that such biophobic
universes are predicted to be the norm. We happen to exist in an
exceptional universe, and we have generalized from its properties.
Our universe may possess anthropic properties. But others do not.
The debate will continue, and its outcome is uncertain.

Evolutionary Biology: Can we speak of ‘Design’
in Nature?
One of the most interesting debates in contemporary evolutionary
biology concerns the notion of ‘teleology’. This word, which derives
from the Greek word telos (‘goal’ or ‘objective’), is usually interpreted
to mean something like ‘a theory that a process is directed towards a
specific goal our outcome’. This idea underlies William Paley's
celebrated Natural Theology (1802), which argues that nature
demonstrates certain features which indicate that it has been
‘contrived’ – that is, designed and constructed – by God in the light
of certain very specific ends or goals.

It is an idea that remains attractive. The philosopher Henri Bergson
and the evolutionary palaeontologist Pierre Teilhard de Chardin both
developed philosophies of life which were founded on the acceptance
of biological evolution while interpreting this as having some kind of
purpose or goal. In this section, we shall consider why the idea of



teleology in biology has become so controversial, and why it has
significant religious implications.

Earlier in this work, we considered the basic features of the neo‐
Darwinian understanding of evolution. This approach combines
Charles Darwin's emphasis upon the role of natural selection and
Gregor Mendel's theory of genetics. One of the most discussed
aspects of this approach to evolution is its implicit rejection of any
‘purpose’ to the evolutionary process. It may have direction; it does
not, however, have a goal. This clearly raises a number of significant
issues.

In his influential and widely discussed book The Blind Watchmaker
(1986), the atheist zoologist Richard Dawkins deals with the
appearance of design within the world, which has led many to draw
religious conclusions. For Dawkins, while these conclusions may be
understandable, they remain mistaken and unfounded.

This [appearance of design] is probably the most important
reason for the belief, held by the vast majority of people that have
ever lived, in some kind of supernatural deity. It took a very great
leap of the imagination for Darwin and Wallace to see that,
contrary to all intuition, there is another way and, once you have
understood it, a far more plausible way, for complex ‘design’ to
arise out of primeval simplicity.

As we saw earlier, the title of Dawkin's work is inspired by an analogy
used by William Paley, one of the more noted advocates of the
‘argument from design’. Paley argues that the world is like a watch,
which shows evidence of design and construction (see 103–8). Just
as the existence of a watch points to a watchmaker, so the
appearance of design in nature (evident, for example, in the human
eye) points to a designer. Dawkins, while appreciating Paley's
imagery, regards it as fatally flawed. The whole idea of ‘design’ or
‘purpose’ is out of place.



Paley drives his point home with beautiful and reverent
descriptions of the dissected machinery of life, beginning with the
human eye … Paley's argument is made with passionate sincerity
and is informed by the best biological scholarship of his day, but it
is wrong, gloriously and utterly wrong …. Natural selection, the
blind, unconscious, automatic process which Darwin discovered,
and which we now know is the explanation for the existence and
apparently purposeful form of all life, has no purpose in mind. It
has no mind and no mind's eye. It does not plan for the future. It
has no vision, no foresight, no sight at all. If it can be said to play
the role of watchmaker in nature, it is the blind watchmaker.

The process of natural selection is thus seen as unguided and
undirected, ‘selecting’ only in the sense that certain natural forces
tend to lead to the failure of certain species to establish themselves in
the face of intense competition with other species, fighting for
existence in the same environment.

This strongly anti‐teleological tone can be found in a number of
earlier works by noted molecular biologists, perhaps most
significantly Jacques Monod (1910–1976) in his book Chance and
Necessity (1971). Monod here argued that evolutionary change took
place by chance and was perpetuated by necessity. The term
‘teleonomy’ was introduced into biological use in 1958 by the
Princeton biologist C. S. Pittendrigh (1918–1996) in order to
emphasize that ‘recognition and description of end‐directedness’
does not carry any commitment to a teleology. This idea was
developed further by Monod, who argued that teleonomy had
displaced teleology in evolutionary biology. In using this term,
Monod wished to highlight that evolutionary biology was concerned
with identifying and clarifying the mechanisms underlying the
evolutionary process. While the mechanisms which governed
evolution were of interest, they had no goal. It is thus not possible to
speak meaningfully of ‘purpose’ within evolution.

Or is it? The biologist and philosopher Francisco Ayala (born 1934)
argues that some notion of teleological explanation is actually
fundamental to modern biology. It is required to account for the
familiar functional roles played by parts of living organisms, and to



describe the goal of reproductive fitness which plays such a central
role in accounts of natural selection.

A teleological explanation implies that the system under
consideration is directively organized. For that reason, teleological
explanations are appropriate in biology and in the domain of
cybernetics but make no sense when used in the physical sciences
to describe phenomena like the fall of a stone. Moreover, and
most importantly, teleological explanations imply that the end
result is the explanatory reason for the existence of the object or
process which serves or leads to it. A teleological account of the
gills of fish implies that gills came to existence precisely because
they serve for respiration. If the above reasoning is correct, the
use of teleological explanations in biology is not only acceptable
but indeed indispensable.

Natural selection itself, the ultimate source of explanation in biology,
is thus for Ayala a teleological process for two reasons. First, because
it is directed to the goal of increasing reproductive efficiency; and
second, because it produces the goal‐directed organs and processes
required for this.

Ernst Mayr (1904–2005), widely credited with inventing the modern
philosophy of biology, especially of evolutionary biology, sets out
four traditional objections to the use of teleological language in
biology.

1. Teleological statements or explanations imply the endorsement
of unverifiable theological or metaphysical doctrines in the
sciences. Mayr has in mind Bergson's élan vital or the notion of
‘entelechy’, formulated by Hans Driesch (1867–1941).

2. A belief that acceptance of explanations for biological
phenomena that are not equally applicable to inanimate nature
constitutes rejection of a physicochemical explanation.

3. The assumption that future goals were the cause of current
events seemed incompatible with accepted notions of causality.

4. Teleological language seemed to amount to an objectionable
anthropomorphism. The use of terms such as ‘purposive’ or
‘goal‐directed’ appears to represent that transfer of human



qualities – such as purpose and planning – to organic
structures.

As Mayr points out, as a result of these and other objections,
teleological explanations in biology were widely believed to be ‘a
form of obscurantism’. Yet paradoxically, biologists continue to use
teleological language, insisting that it is methodologically and
heuristically appropriate and helpful.

Yet, as Mayr rightly observes, nature abounds in processes and
activities that lead to an end or goal. However we choose to interpret
them, examples of goal‐directed behaviour are widespread in the
natural world; indeed, ‘the occurrence of goal‐directed processes is
perhaps the most characteristic feature of the world of living
systems.’ The evasion of teleological statements through their
restatement in non‐teleological forms invariably leads to
‘meaningless platitudes’. Although surrounding his conclusion with a
thicket of qualifications, Mayr insists that it is appropriate to
conclude that ‘the use of so‐called “teleological” language by
biologists is legitimate; it neither implies a rejection of
physicochemical explanation nor does it imply noncausal
explanation.’

There is no doubt that serious objections may be, and have been,
raised about the notion of evolution as a conscious agent, actively
planning its goals and outcomes, or drawn to a preordained goal by
some mysterious force. Yet it must be pointed out that such
anthropomorphic ways of speaking (and thinking) are evident in
some sections of contemporary biology. An excellent example is
provided by the ‘gene's‐eye’ view of evolution, popularized by
Richard Dawkins, which entails envisaging the gene as an active
agent. While rightly cautioning that ‘we must not think of genes as
conscious, purposeful agents’, Dawkins goes on to argue that the
process of natural selection ‘makes them behave rather as if they
were purposeful’. This anthropomorphic way of speaking involves
the attribution of both agency and intentionality to an entity which is
ultimately a passive participant in the process of replication, rather
than its active director.



The question of directionality in the evolutionary process was
reopened in 2003 by the Cambridge evolutionary biologist Simon
Conway Morris (born 1951). In his book Life's Solution, Conway
Morris argues that the number of evolutionary endpoints is limited.
‘Rerun the tape of life as often as you like, and the end result will be
much the same.’ Life's Solution builds a forceful case for the
predictability of evolutionary outcomes. Conway Morris's case is
based on the phenomenon of convergent evolution, in which two or
more lineages have independently evolved similar structures and
functions. Conway Morris's examples range from the aerodynamics
of hovering moths and hummingbirds to the use of silk by spiders
and some insects to capture prey.

Evolution regularly appears to ‘converge’ on a relatively small
number of possible outcomes. Convergence is widespread, despite
the infinitude of genetic possibilities, because ‘the evolutionary
routes are many, but the destinations are limited’. Certain
destinations are precluded by ‘the howling wildernesses of the
maladaptive’. Biological history shows a marked tendency to repeat
itself, with life demonstrating an almost eerie ability to find its way to
the correct solution, repeatedly. ‘Life has a peculiar propensity to
“navigate” to rather precise solutions in response to adaptive
challenges.’

In making this important point, Conway Morris offers a non‐
biological analogy to help his readers grasp his point. He appeals to
the discovery of Easter Island by the Polynesians, perhaps 1,200
years ago. Easter Island is one of the most remote places on earth, at
least 3,000 kilometres from the nearest population centres, Tahiti
and Chile. Yet though surrounded by the vast, empty wastes of the
Pacific Ocean, it was nevertheless discovered by Polynesians. Is this,
asks Conway Morris, to be put down to chance and happenstance?
Possibly. But probably not. Conway Morris points to the
‘sophisticated search strategy of the Polynesians’ which made its
discovery inevitable. The same, he argues, happens in the
evolutionary process: ‘Isolated “islands” provide havens of biological
possibility in an ocean of maladaptedness.’ These ‘islands of stability’
give rise to the phenomenon of convergent evolution.



So what is the theological significance of these reflections? Most of
the traditional objections to the appeal to the notion of teleology in
biology noted by Mayr reflect a belief that an a priori metaphysical
system, often theistic, is imposed upon the process of scientific
observation and reflection, thus prejudicing its scientific character.
From the standpoint of the scientific method, one may indeed
protest against the imposition of a priori notions of goals and causes,
such as those associated with many traditional approaches to
teleology. The natural sciences rightly protest about the smuggling of
preconceived teleological schemes into scientific analysis. But what if
they arise from the process of reflection on observation? What if they
are a posteriori inferences, rather than dogmatic a priori
assumptions? Conway Morris's analysis suggests that a form of
teleology may indeed be inferred a posteriori, as the ‘best
explanation’ of what is observed. This may not directly map onto a
traditional Christian doctrine of providence; nevertheless, there is
some conceptual overlap and resonance.

This is not necessarily, it should be noted, a matter of discerning
‘purpose’ – a heavily metaphysically freighted notion – within the
evolutionary sequence and inferring from this to that God exists. If
anything, this amounts to affirming a resonance between religious
theory and observation, similar to that affirmed in John Henry
Newman's remark: ‘I believe in design because I believe in God; not
in God because I see design.’ Furthermore, the notion of ‘create’ need
not be interpreted as a single, once‐for‐all event, but can equally –
and many would now say rightly – be understood as a directed
process. This is the view of creation that was set out by Augustine of
Hippo (354–430), who spoke of God creating a world with an inbuilt
capacity to develop and evolve. A similar point was made by the
English churchman Charles Kingsley (1819–1875) in 1871: ‘We knew
of old that God was so wise that He could make all things: but
behold, He is so much wiser than even that, that He can make all
things make themselves.’ Once more, it is clear that we are dealing
with a debate that has a long way still to run.

The Psychology of Religion: What is Religion All
About?



The psychology of religion is becoming an increasingly important
field, not least because of a series of recent empirical studies
suggesting that religious belief might play a significant positive role
in relation to wellbeing. The discipline traditionally explores such
questions as how religious faith develops and matures, ways in which
religious faith can be benevolent or harmful, the different religious
responses associated with various personality types, and the brain
mechanisms underlying religious experience.

The psychological study of religion has encountered some resistance
within religious communities, mainly on account of a concern that
psychology aims for explanatory reductionism – in other words, that
religious beliefs will be reduced to, or explained away as, psychology.
There is no doubt that some such agenda can be seen in some
strongly reductionist approaches to religion – such as that of
Sigmund Freud (1856–1939), which we shall consider below.
However, this is not necessarily the case. Many psychologists,
including William James (1842–1910), treat religion as a
phenomenon with its own integrity and distinctive features, which
are to be acknowledged and respected. Where Freud was convinced
that the origins of religious belief lay in certain deep‐rooted
delusions, James offered a more appreciative and positive approach
to religion.

It may also be noted that psychology and religion can be seen as
offering different levels of explanation. It is certainly possible to
argue that some aspects of human cognitive processes may help
explain how religious ideas are generated or sustained. Yet as the
psychologist Fraser Watts points out, it is necessary to recognize a
multiplicity of causes in such areas. Some scientists have fallen into
the habit of asking: ‘What caused A? Was it X or Y?’ But in the
human sciences, multiple causes are the norm. For example,
consider the question ‘Is depression caused by physical or social
factors?’ The answer is that it is caused by both. As Watts points out,
the history of such research ‘ought to make us wary of asking
whether an apparent revelation of God really is such, or whether it
has some other natural explanation, in terms of people's thought
processes or brain processes.’ To put it crudely, God, human brain
processes, the cultural context, and psychological processes may all
be causal factors in human religious experience.



In what follows, we shall explore some psychological approaches to
religion, and note their importance for our theme. We shall focus on
the two of the most important and interesting writers in this field –
William James and Sigmund Freud.

William James studied at Harvard University, where he
subsequently became professor of psychology (1887–1897) and then
philosophy (1897–1907). His most influential work was based on his
Gifford Lectures at Edinburgh University, which were published
under the title The Varieties of Religious Experience (1902). In this
landmark study, James drew extensively on a wide range of
published works and personal testimonies, engaging with religious
experience on its own terms, and taking accounts of such experiences
at face value. James's discussion of mysticism identifies four
characteristics of these religious experiences.

1. Ineffability: The experience ‘defies expression’; it cannot be
described adequately in words. ‘Its quality must be directly
experienced; it cannot be imparted or transferred to others.’

2. Noetic quality: Such an experience is seen to possess authority,
giving insight and knowledge into deep truths, which are
sustained over time. These ‘states of insight into depths of truth
unplumbed by the discursive intellect’ are understood to be
‘illuminations, revelations, full of significance and importance,
all inarticulate though they remain.’

3. Transiency: ‘Mystical states cannot be sustained for long.’
Usually they last from a few seconds to minutes and their quality
cannot be accurately remembered, though the experience is
recognized if it recurs. ‘When faded, their quality can but
imperfectly be reproduced in memory.’

4. Passivity: ‘Although the oncoming of mystical states may be
facilitated by preliminary voluntary operations’, once they have
begun, the mystic feels out of control as if he or she ‘were
grasped and held by a superior power’.

While James notes that the second two characteristics are ‘less
marked’ than the others, he considers them to be integral to any
phenomenology of religious experience.



Although other writers, such as F. D. E. Schleiermacher (1768–
1834), had addressed the issue of religious experience before him,
James brought to his task a more rigorously empirical and analytical
way of thinking. Yet James is aware that experience is a private
matter, which is not easily open to public description. James's
pioneering effort to construct an empirical study of the phenomenon
of religious experience is still widely regarded as an authoritative,
balanced, and finely observed study of religious experience.

James makes it clear that his primary interest is personal religious
experience, rather than the type of religious experiences which are
associated with institutions. ‘In critically judging of the value of
religious phenomena, it is very important to insist on the distinction
between religion as an individual personal function, and religion as
an institutional, corporate or tribal product.’ So what is it about
‘experiences’ which determine whether they are religious or not?
James answers this critically important question by asserting that
religious experience is distinguished qualitatively from other modes
of experience: ‘The essence of religious experiences, the thing by
which we finally must judge them, must be that element or quality in
them which we can meet nowhere else.’ James regards religious
experience as imparting a new quality to life. He speaks of religious
experience raising ‘our centre of personal energy’, and giving rise to
‘regenerative effects unattainable in other ways’. God is to be
conceived of as ‘the deepest power in the universe’ who can be
‘conceived under the form of a mental personality’.

The Varieties of Religious Experience is often seen as establishing
the science of the psychology of religion. While clearly lacking the
analytical rigour which some might now expect, James's masterpiece
is based on two fundamental principles. First, that an experience of
‘God’ or ‘the divine’ is existentially transformative, leading to the
renewal or regeneration of individuals. Second, that any attempt to
codify or formulate these experiences will fail to do justice to them. A
number of intellectual responses are certainly possible; none of
them, however, is adequate.

So what is the wider significance of James for science and religion?
One major theme to emerge from his study is that organized religion
has relatively little to offer those interested in religious experience. It



trades in ‘second‐hand’ experience, where what needs to be studied
is fresh and vital, often being perceived as a threat to the settled ways
of organized religion:

A genuine first‐hand religious experience … is bound to be a
heterodoxy to its witnesses, the prophet appearing as a lonely
madman. If his doctrine prove contagious enough to spread to any
others, it becomes a definite and labeled heresy. But if it still
proves contagious enough to triumph over persecution, it
becomes itself an orthodoxy; and when religion has become an
orthodoxy, its day of inwardness is over; the spring is dry; the
faithful live at second hand exclusively and stone the prophets in
their turn.

This suggests that empirical study of religious experience is best
carried on outside the sphere of organized religion – an assertion
which has had considerable impact on the scientific study of the
phenomenon of religious experience. Subsequent empirical studies
have not provided substantiation of this suggestion; nevertheless, it
is important to appreciate that James's approach was an important
stimulus to work in this area.

One of the most significant aspects of James's work is that it does not
attempt to reduce religious experience to social or psychological
categories, but attempts to describe the phenomena in a manner
which respects their integrity. This heightens the contrast between
James and Freud, to whom we now turn.

It is widely agreed that Sigmund Freud's discussion of religion is one
of his most significant contributions to the debate on science and
religion. As we noted earlier (31–2), Freud spoke of three great
‘narcissistic wounds’ inflicted on human self‐esteem by scientific
advance. The Copernican revolution demolished the notion that
human beings stood at the centre of the universe. Charles Darwin
demonstrated that humanity did not even have a unique place on the
planet earth, being the outcome of a natural process. The third
wound, Freud declared, was his own demonstration that human
beings were not even the master of their own destiny. They were
imprisoned and moulded by hidden psychological forces, located in
the human unconscious.



Freud developed the idea of humanity being the prisoner of its own
inner demons by arguing that religion could be accounted for
psychoanalytically. Religion is a human creation, the result of an
obsession with ritual and veneration of a father figure. Freud's
account of the ‘psychogenesis of religion’ was totally unsympathetic
in tone, lacked rigorous empirical evidential foundations, and was
strongly reductionist in approach. Totem and Taboo (1913) considers
how religion has its origins in society in general; The Future of an
Illusion (1927) deals with the psychological origins (Freud often uses
the term ‘psychogenesis’ here) of religion in the individual. For
Freud, religious ideas are ‘illusions, fulfilments of the oldest,
strongest and most urgent wishes of mankind’. Similar ideas were
developed in a later work Moses and Monotheism (1939), published
at the end of his life.

To understand Freud at this point, we need to examine his theory of
repression. These views were first made generally known in The
Interpretation of Dreams (1900), a book which was generally
ignored by the critics and the general reading public. Freud's thesis
here is that dreams are wish‐fulfilments. They are disguised
fulfilments of wishes that are repressed by the consciousness (the
ego), and are thus displaced into the unconsciousness. In The
Psychopathology of Everyday Life (1904), Freud argued that these
repressed wishes intrude into everyday life at a number of points.
Certain neurotic symptoms, dreams, or even small slips of the tongue
or pen – so‐called ‘Freudian slips’ – reveal unconscious processes.

The task of the psychotherapist is to expose these repressions which
have such a negative effect on life. Psychoanalysis (a term coined by
Freud) aims to lay bare the unconscious and untreated traumatic
experiences, by assisting the patient to raise them up into
consciousness. Through persistent questioning, the analyst can
identify repressed traumas which are having so negative an effect
upon the patient, and enable the patient to deal with them by
bringing them into the open.

As we noted earlier, Freud's views on the origin of religion need to be
considered in two stages: first, its origins in the development of
human history in general, and second, its origins in the case of the
individual person. We may begin by dealing with his account of the



psychogenesis of religion in the human species in general, as it is
presented in Totem and Taboo.

Developing his earlier observation that religious rites are similar to
the obsessive actions of his neurotic patients, Freud declared that
religion was basically a distorted form of an obsessional neurosis.
His studies of obsessional patients (such as the ‘Wolf Man’) led him
to argue that such disorders were the consequence of unresolved
developmental issues, such as the association of ‘guilt’ and ‘being
unclean’ which he associated with the ‘anal’ phase in childhood
development. He suggested that aspects of religious behaviour (such
as the ritual cleansing ceremonies of Judaism) could arise through
similar obsessions.

Freud argued that the key elements in all religions included the
veneration of a father figure and a concern for proper rituals. Freud
traces the origins of religion to the Oedipal complex. At some point
in the history of the human race, Freud argues (without
substantiation), the father figure had exclusive sexual rights over
females in his tribe. The sons, unhappy at this state of affairs,
overthrew the father figure and killed him. Thereafter, they are
haunted the secret of parricide, and its associated sense of guilt.
Religion, according to Freud, has its origins in this prehistorical
parricidal event, and for this reason has guilt as a major motivating
factor. This guilt requires purging or expiation, for which various
rituals were devised.

The emphasis within Christianity upon the death of Christ and the
veneration of the risen Christ seemed to Freud to be a superb
illustration of this general principle. ‘Christianity, having arisen out
of a father‐religion, became a son‐religion. It has not escaped the fate
of having to get rid of the father.’ The ‘totem meal’, Freud argued,
had its direct counterpart in the Christian celebration of communion.

Freud's account of the social origins of religion is not taken with
great seriousness, and is often regarded as a ‘period piece’, bearing
witness to the highly optimistic and somewhat simplistic theories
which were emerging in the aftermath of the general acceptance of
the Darwinian theory of evolution. His account of the origins of
religion in the individual is, however, more significant. Once more,
the theme of the veneration of a ‘father figure’ emerges as significant.



Interestingly, Freud's account of the development of religion in
individuals seems not to rest upon careful study of the actual
development of such views in children, but an observance of
similarities (often rather superficial ones, it has to be said) between
some adult neuroses and some religious beliefs and practices,
particularly those of Judaism and Roman Catholicism.

In an essay on a childhood memory of Leonardo da Vinci (1910),
Freud sets out his explanation of individual religion.

Psychoanalysis has made us familiar with the intimate connection
between the father complex and belief in God; it has shown us
that a personal God is, psychologically, nothing other than an
exalted father, and it brings us evidence every day of how young
people lose their religious beliefs as soon as their father's
authority breaks down. Thus we recognize that the roots of the
need for religion are in the parental complex.

The veneration of the father figure has its origins in childhood. When
going through its oedipal phase, Freud argues, the child has to deal
with anxiety over the possibility of being punished by the father. The
child's response to this threat is to venerate the father, identify with
him, and to project what it knows of the father's will in the form of
the superego.

Freud explored the origins of this projection of an ideal father figure
in The Future of an Illusion. Religion represents the perpetuation of
a piece of infantile behaviour in adult life. Religion is simply an
immature response to the awareness of helplessness, by going back
to one's childhood experiences of paternal care: ‘my father will
protect me; he is in control’. Belief in a personal God is thus little
more than an infantile delusion, the projection of an idealized father
figure.

Yet Freud's highly negative approach to religion was not the only
view on the matter to emerge from early psychoanalytic circles. Carl
Gustav Jung (1875–1961) was the son of a Swiss pastor, and was
closely associated with Freud from 1907. In 1914, Jung resigned as
president of the International Psychoanalytical Society, an action
which signalled his growing distance from Freud on a number of
matters, particularly the latter's emphasis upon the libido. As we



noted earlier, Freud is noted for a hostile and reductionist approach
to religion. Jung is generally regarded as being more sympathetic to
religion than Freud, and clearly wished to distance himself from
Freud's reductionism. While Jung remained sympathetic to Freud's
belief that the ‘image of God’ is essentially a human projection, he
located its origins increasingly in the ‘collective unconscious’.
Humans are naturally religious; it is not something which they
‘invent’. Perhaps more significantly, he stressed the positive aspects
of religion, particularly in relation to an individual's progress
towards wholeness and fulfilment.

Up to this point, we have considered two landmark contributions to
the psychology of religion. But what about wider trends within the
discipline? Ralph W. Hood, widely regarded as a major figure in
American psychology of religion, distinguishes six psychological
schools of thought regarding religion. In what follows, we shall
identify each of these, and offer some comments.

1. Psychoanalytical schools draw upon the work of Freud, noted
above, and attempt to reveal and identify unconscious motives
for religious belief. Although Freud reduced religious belief to a
natural, if ultimately misguided, attempt to cope with life's
stresses, contemporary psychoanalytic interpretations are not
necessarily hostile to religious faith. For example, it is
increasingly recognized that the observation that illusional
processes may be involved in religious belief does not sustain
the much deeper ontological claim that religion is a delusion.

2. Analytical schools are rooted in Carl Jung's description of the
spiritual life, noted above. Although analytical approaches to
religious belief generally lack rigorous empirical support, they
have been found useful by those who are concerned with
pastoral counseling. These approaches tend to be interpretative,
rather than causal, aiming to illuminate the religious situation
rather than account for its origins.

3. Object relations schools also draw from psychoanalysis, but
focus their efforts on maternal influences on the child. As a
result, many feminist writers have found this a particularly
productive area to explore. Like the psychoanalytical and



analytical approaches, this school tends to rely on clinical case
studies and other descriptive methods based on small samples.

4. Transpersonal schools attempt to confront spiritual or
transcendent experiences in a non‐reductive manner, making
use of a variety of methods, scientific and religious. Most work
on the assumption that such experiences reflect an ontological
reality. Some scholars suggest that this approach is perhaps
better regarded as ‘religious psychology’ rather than as
‘psychology of religion’.

5. Phenomenological schools focus on the assumptions underlying
religious experience and on the commonalities of that
experience. They place an emphasis upon description and
critical reflection over experimentation and measurement. This
contrasts with the more empirical approach of measurement
schools, to which we now turn.

6. Measurement schools use mainstream psychological methods in
order to study religious experience. Significant areas of research
include the development of appropriate scales to allow the
measurement of religious phenomena. This approach often
involves the correlation of phenomena, rather than their
explanation.

This discussion of possible psychological accounts of religious belief
raises some important questions, one of which is whether human
beings are naturally inclined to believe in God. This question has
been considered in some detail by the relatively new discipline of the
cognitive science of religion, and we shall consider these discussions
in more detail in the concluding section of this chapter.

The Cognitive Science of Religion: Is Religion
‘Natural’?
The discipline of the cognitive science of religion develops scientific
approaches to the study of religion that combine methods and theory
drawn from cognitive, developmental, and evolutionary psychology
to explore the causal explanations of religious phenomena across
peoples and populations. This approach brings theories from the



cognitive sciences to bear on the question of why religious thought
and action is so common in humans, and why religious phenomena
take their observed forms. Setting the metaphysical claims of religion
to one side, what is observed as ‘religion’ can be regarded as a
complex amalgam of essentially human phenomena, which are
communicated and regulated by natural human perception and
cognition.

This important field of research focuses on the role of human
cognitive processes in religious belief and action. To its critics, this
risks overlooking or underplaying the importance of other factors.
Armin Geertz, for example, has argued that the approach fails to
address adequately issues that arise from physical embodiment and
cultural location. Geertz argues for ‘an expanded view of cognition
that is anchored in brain and body (embrained and embodied),
deeply dependent on culture (enculturated) and extended and
distributed beyond the borders of individual brains.’

Cognitive science of religion treats religion as an essentially natural
phenomenon, which arises through – not in spite of – natural human
ways of thinking. This represents a significant challenge to some
ways of evaluating religion, often inspired by the agenda of
Enlightenment rationalism, which held that religion arose through
the ‘sleep of reason’ – in other words, through the suspension of
normal human critical and rational faculties. Discussion of this
‘naturalness‐of‐religion’ thesis presently focuses on three main
issues:

1. how human beings represent concepts of supernatural agents;

2. how people acquire these religious concepts; and

3. how they respond to these religious concepts through religious
actions, such as religious rituals.

The cognitive science of religion does not depend upon a rigorous
definition of ‘religion’ in order to proceed. Indeed, some would argue
that the emergence of this new cognitive approach to religion was
motivated by dissatisfaction with the vagueness of previous theories
of religion, and their inability to be empirically tested. As Justin
Barrett notes:



Rather than specify what religion is and try to explain it in whole,
scholars in this field have generally chosen to approach ‘religion’
in an incremental, piecemeal fashion, identifying human thought
or behavioral patterns that might count as ‘religious’ and then
trying to explain why those patterns are cross‐culturally recurrent.
If the explanations turn out to be part of a grander explanation of
‘religion’, so be it. If not, meaningful human phenomena have still
been rigorously addressed.

Ann Taves and others have defended such an approach, which is
sensitive to the criticism that religion is not a ‘natural kind’. Religion
is a social construct, not an empirical concept. Religion may be a
socially constructed concept; it is nevertheless made up of a wide
range of constituent phenomena which are open to empirical study.
The method of ‘fractionation’ is proposed as a means of ‘reverse
engineering’ the social construct of religion and breaking it down
into distinct phenomena or ‘building blocks’ which are open to
empirical investigation. Jonathan Jong has pointed out how the
cognitive strategy of fractionating belief allows it to be resolved into
distinct phenomena, each with its distinct sets of causes and effects,
open to scientific evaluation.

A further element of importance is the recognition that religion is not
primarily about what might be termed ‘theological’ notions – such as
the omnipotence of God or the doctrine of the Trinity. Religious
perceptions tend to be much simpler and more ‘natural’ than their
theological counterparts. Whereas some have argued that religious
beliefs are impositions upon human beings, the cognitive science of
religion suggests that there are natural predispositions towards
believing in God. Two themes of particular importance in developing
this stance are the notion of ‘minimally counterintuitive concepts’
and the ‘hyperactive agency detection device’ (HADD), both of which
we shall discuss further.

Pascal Boyer has argued that religious beliefs belong to a class of
ideas which could be called ‘minimally counterintuitive concepts’. By
this, he means that, on the one hand, they fulfil certain intuitive
assumptions about any given class of objects (such as persons or
objects), yet on the other hand violate some of those assumptions in
ways which make the resulting concepts particularly exciting or



memorable. In other words, religious notions are both plausible and
memorable. They both belong to the everyday world, while standing
out from it. They are easily represented, and highly memorable. It is
not quite clear, however, whether Boyer is arguing that
counterintuitiveness is a universal characteristic of all religion, or
whether it is simply an adequate criterion for a ‘religious’ belief.

A number of workers in the field of the cognitive science of religion
have proposed that humanity is generally characterized by
possessing an ‘hyperactive agency detection device’ (HADD). An
early statement of this idea can be found in Stewart Guthrie's Faces
in the Clouds (1993), which set out the idea of ‘agency detection’ as a
human perceptual function. The idea, however, is developed in more
cognitive terms by writers such as Justin Barrett:

Part of the reason people believe in gods, ghosts, and goblins also
comes from the way in which our minds, particularly our agency
detection device (ADD) functions. Our ADD suffers from some
hyperactivity, making it prone to find agents around us, including
supernatural ones, given fairly modest evidence of their presence.
This tendency encourages the generation and spread of god
concepts.

The argument here, deriving from evolutionary psychology, is that
human beings have a naturally selected agency detection system,
which is wired to respond to fragmentary information in the
environment which might point to a looming threat from an agent –
such as a predatory mammal or hostile human being. The original
evolutionary function of the hyperactive agency detection device was
thus to detect and evade predators; the evolutionary by‐product is a
susceptibility to infer superhuman beings from noises and
movements in the environment.

Yet some have questioned the empirical basis of a hyperactive agency
detection device in the first place. Neil van Leeuwen and Michiel van
Elk have drawn attention to its evidential underdetermination and
offer in its place an alternative account of the process of the
formation of religious beliefs. Their ‘interactive religious experience
model’ argues that agency intuitions are not the major cause of
religious belief; rather, a general belief in supernatural agents causes



people to seek situations that trigger agency intuitions and related
experiences.

So where do these reflections take us? One obvious question
concerns whether the ‘minimal counterintuitiveness’ approach to
religious beliefs implies or entails the non‐existence of the referents
of these concepts and beliefs? While most cognitive scientists of
religion state that this is not to be regarded an implication of the
theory, it is clear that some scholars in the field (such as Scott Atran
and Pascal Boyer) tend to imply that this ‘minimal
counterintuitiveness’ theory excludes or precludes a supernatural
interpretation of the data, whereas others (such as Justin Barrett)
hold that they do not. This raises a question that goes back to
Sigmund Freud, whose precommitment to atheism famously led to
his ‘explanations’ of religion: are cognitive scientists of religion
allowing their worldviews to shape their interpretation of the data?

So how might Christian theology respond to the suggestion that we
are predisposed to believe in God? For many theologians, this is
simply a scientific description of what has long been held to be
theologically true. The idea that humanity is inclined to quest for
God is deeply embedded in many theological traditions. The biblical
maxim that ‘You [God] have placed eternity in our hearts’
(Ecclesiastes 3:11) is one way of expressing this. Others might point
to the famous prayer of Augustine of Hippo: ‘You have made us for
yourself, and our heart is restless until it finds its rest in you.’ There
are clearly some intriguing possibilities for further exploration here.

Yet there are also awkward questions that need to be considered.
Many religious writers appear to assume that the cognitive science of
religion offers at least some implicit support for theistic belief. Yet
others have called this into question. Jonathan Jong, Christopher
Kavanagh, and Aku Visala have pointed out that the cognitive
processes in question arguably lead as much to idolatry as to theism,
by legitimizing the deification of entities within the world.



The tragedy of the classical theologian is precisely that idolatry is
easier on the mind than orthodoxy. Powerful humanoid figures
that can be appeased or appealed to for this or that practical
reason – gods – make much more sense to most people than the
God of the Jewish, Christian, and Muslim classical theist
theological traditions.

The point being made here is that there is a long and somewhat
problematic pathway from the cognitive science of religion to
classical theism – and that the pathway to polytheism or idolatry is
intellectually simpler and more intuitive. This point was made by the
theologian John Calvin in the sixteenth century, who argued that
natural human instincts needed to be informed and redirected by the
basic structures of the Christian faith – otherwise their trajectory
ended in the worship of the natural order, rather than the God who
lies behind it.

So does the cognitive science of religion cast any light on the
dialogue between science and religion? There are good reasons for
thinking that this new discipline may help clarify this relationship. In
an important recent study, Robert N. McCauley (Emory University,
Atlanta) has argued that religious belief is natural. McCauley argues
that a belief or action is to be thought of as ‘natural’ when it is
‘familiar, obvious, self‐evident, intuitive, or held or done without
reflection’ – in other words, when it ‘seems part of the normal course
of events’.

Belief in God or supernatural agents therefore seems, McCauley
argues, entirely natural. Yet he makes the important point that, when
it comes to offering detailed explanations of what is believed about
such supernatural agents, ways of thinking rapidly emerge which
seem very unnatural. Although McCauley does not phrase it in
precisely in this way, his argument is basically that a basic belief in
God or divine agency is much more natural than the theological
descriptions which arise from this belief. In other words, the
enterprise traditionally known as ‘systematic theology’ seems
relatively unnatural, in that it involves a number of apparently
counterintuitive steps. The doctrine of the Trinity would be a good
example of a counterintuitive or ‘unnatural’ belief, which stands in
contrast to a very natural belief in divine agency.



So what of the natural sciences? McCauley argues that, in certain
ways, the natural sciences are experienced as unnatural, in that they
involve methods, assumptions, and outcomes which often – though
by no means invariably – do not seem to be natural, in the sense of
that which is ‘familiar, obvious, self‐evident, intuitive, or held or
done without reflection’. McCauley illustrates this point in a number
of ways, particularly by noting the counterintuitive character of
innovative scientific theories.

Science challenges our intuitions and common sense repeatedly.
With the triumph of new theories, scientists and sometimes even
the public must readjust their thinking. When first advanced, the
suggestions that the earth moves, that microscopic organisms can
kill human beings, and that solid objects are mostly empty space
were no less contrary to intuition and common sense than the
most counterintuitive consequences of quantum mechanics have
proved for us in the twentieth century.

As McCauley suggests, the point will be familiar to any who have
wrestled with the deeply counterintuitive notions of quantum
mechanics. Yet even classical physical notions – such as the idea of
‘action at a distance’, which so troubled Isaac Newton – seem to
contradict common sense.

There is yet another level at which science appears to be unnatural.
McCauley argues that the scientific enterprise demands extensive
training and preparation, which often involves habits of thought and
practice which seem some distance removed from the ordinary
world.

Not only is scientific knowledge not something that human beings
acquire naturally, its mastery does not even guarantee that
someone will know how to do science. After four centuries of
astonishing accomplishment, science remains an overwhelmingly
unfamiliar activity, even to most of the learned public and even in
those cultures where its influence is substantial.

In suggesting that, in some respects, the natural sciences are
‘unnatural’, McCauley is not suggesting that they are wrong. He is
simply making the point that they require developing certain ways of



thinking which are not self‐evidently true, and often seem to fly in
the face of everyday experience or common sense.

So what are the implications of these ideas for the dialogue between
science and religion? McCauley's analysis suggests that the dialogue
is not really between science and religion, but between science and
theology. Both science and theology represent ways of thinking
which are at least one step removed from the everyday and natural
habits of thought which are typical of religion. This point would also
be defended, although on slightly different grounds, by Thomas F.
Torrance (00‐00), who wished to emphasize the specificity of the
Christian vision of reality by stressing its Trinitarian and
incarnational roots, rather than the ‘religious’ character of the
Christian faith.

Conclusion
This book aimed to introduce the vast field of science and religion by
offering an overview of some of its major themes and focusing on a
limited series of topics of particular interest. Inevitably, this has
meant that much has been left out. In the opening chapter, I
introduced the analogy of the chessboard, making the point that we
would only have enough space to survey some of its spaces. It is,
however, hoped that the issues discussed in this work will help you
orientate yourself within this wide field. This work has focused on
general issues, particularly those arising from the philosophy of
religion and the philosophy of science, and has tended to discuss
religious issues primarily from a Christian perspective. However, the
limits of this volume are easily transcended by engaging other
religious traditions – such as Islam and Judaism – and by engaging a
wider range of issues in the natural sciences than those discussed
here.
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