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Abstract
In a number of countries, issues to do with religion seem increasingly to be of importance in school science lessons and some other science educational settings, such as museums. This chapter begins by discussing the nature of religion and the nature of science and then looks at understandings of possible relationships between science and Christianity with particular reference to such issues as determinism, evolution and the uses to which advances in scientific knowledge may be put. It then goes on to examine whether the notion of worldviews is helpful to science educators working in this area. Finally, ways of teaching science so as to take account of Christian beliefs are considered.
Introduction
World-wide, religion remains of importance to many people, including young people; a survey undertaken in 2011 in 24 countries found that 73% of respondents under the age of 35 (94% in primarily Muslim countries and 66% in Christian majority countries) said that they had a religion / faith and that it was important to their lives (Ipsos MORI 2011).

Furthermore, to the bemusement of many science educators in school and elsewhere, and the delight of some, issues to do with religion seem increasingly to be of importance in school science lessons, science museums and some other educational settings. This chapter begins by examining the nature of religion in general and Christianity in particularly and then examines the nature of science before looking at possible ways in which religion in general and Christianity in particular might relate to science. The chapter then considers whether or not Christianity has implications for science education and, if it does, how teaching might take account of Christian belief.
To many science educators even raising the possibility that religion might be considered within science education raises suspicions that this is an attempt to find a way of getting religion into the science classroom for religious rather than scientific reasons. This is not the intention here. In terms of the nature of science, part of the argument is that considering religion can be, on occasions, useful simply for helping learners better understand why certain things come under the purview of science and others don’t.
Another argument for considering religion within science education proceeds much as an argument for considering history in science education might. While science can be learnt and studied in an historical vacuum, there are a range of arguments for examining science in its historical contexts. For a start, this helps one understand better why certain sorts of science were pursued at certain times. Wars, for instance, have sometimes led to advances in chemistry, physics and information science (e.g. explosives, missile trajectories, code breaking), while certain botanical disciplines, such as systematics and taxonomy, have flourished during periods of colonisation. Much biology is studied in the hope that medical advances will ensue, so studies of anatomy have developed into studies of physiology and, more recently, genetics and molecular biology. Then there is the observation that for many learners understanding science in historical context can aid motivation. Science courses that take contexts and applications into account are now quite widespread (cf. the whole STS movement even if the jury is still out as to the consequences for the understanding of science concepts).
Similarly, while many students enjoy learning about the pure science of genetics and evolution, otherwise are motivated and come to understand the science better if they appreciate something of the diversity of religious beliefs held by such principal protagonists as Charles Darwin, Joseph Hooker, Thomas Huxley and Gregor Mendel and the religious views (including the diversity of religious views) of the cultures in which they lived and worked.
There are a number of places where religion and science interact. Consider, first, the question of ‘authority’ and the scriptures as a source of authority. To the great majority of religious believers, the scriptures of their religion (the Tanakh, the Christian bible, the Qur’an, the Vedas, including the Upanishads, the Guru Granth Sahib, the various collections in Buddhism, etc.) have an especial authority by very virtue of being scripture. This is completely different from the authority of science. Newton’s Principia and Darwin’s On the Origin of Species are wonderful books but they do not have any permanence other than that which derives from their success in explaining observable phenomena of the material world and enabling people to see the material world through Newtonian / Darwinian eyes. Indeed, as is well known, Darwin knew almost nothing of the mechanism of inheritance despite the whole of his argument relying on inheritance, so parts of The Origin were completely out of date over a hundred years ago.

Then consider the possibility of miracles, where the word is used not in its everyday sense (and the sense in which it is sometimes used in the Christian scriptures), namely ‘remarkable’, ‘completely unexpected’ or ‘wonderful’ (as in the tabloid heading ‘My miracle baby’), but in its narrower meaning of ‘contrary to the laws of nature’. Scientists who do not accept the occurrence of miracles can react to this latter notion of miracles in one of three ways: (i) miracles are impossible (because they are contrary to the laws of nature); (ii) miracles are outside of science (because they are contrary to the laws of nature); (iii) miracles are very rare events that haven’t yet been incorporated within the body of science but will be (as rare meteorological events, e.g. eclipses, and mysterious creatures, e.g. farm animals with two heads or seven legs, have been). 
This chapter addresses such issues. It focuses on Christianity because other chapters in this volume address others of the world’s major religions. At the same time, without wishing to appear triumphalistic or colonial, there are some particular reasons why Christianity deserves consideration in its own right. For a start, and without negating the importance of science to all cultures, and the especial roles in its origins and development played in China and by Islam, Christianity played a major role in the origin of modern science. Historians appear broadly to agree on this although there is continuing debate about other influences and the relative contributions of each (Brooke 1991, Harrison 2001, Hooykaas 1972).
Then there is the fact that throughout the history of science many scientists have been Christians and have seen their faith as supporting their science. In a sense this is a trivial point given that a large proportion of the population was Christian in the countries where modern science principally arose (i.e. Western Europe). Less trivial is the point that some of these scientists tackled certain scientific issues in ways that connected to their faith, though this is less the case nowadays when there is far more of a clear-cut separation between a scientist’s beliefs and their science. A thorough history of science can only be developed if the significance of Christianity for certain scientists is acknowledged. Standard instances include Robert Boyle (e.g. Hunter 2009, MacIntosh 2006), Michael Faraday (e.g. Russell 2000) and Georges Lemaître (Farrell 2005).

The Christian faith represents a significant worldview in many countries, though substantially less so nowadays in Western Europe than in the past. It has helped to shape many modern institutions and provides a framework that exists in contrast to the materialism which is also widespread in many contemporary societies and classrooms. Gauch (2009) argues that “the presuppositions and reasoning of science can and should be worldview independent, but empirical and public evidence from the sciences and humanities can support conclusions that are worldview distinctive” (p.27).

Finally, there is the obvious point that there are a number of instances where science and Christianity intersect, whether in the classroom or wider public discourse. One clear instance is the creationism-evolution ‘debate’; another is to do with such bioethical issues as the acceptability of genetic engineering, euthanasia, stem cell research and cloning; another is to do with such philosophical issues as determinism. The importance of Christian theology and practice, noting that the situation is complicated / enriched by the fact that there is rarely a single Christian voice, for debates about determinism, evolution and bioethics are considered below.
The Nature of Religion

There are many religions and it is difficult to answer the question ‘What is the nature of religion?’ in a way that satisfies the members of all religions. Nevertheless, the following, derived from Smart (1989) and Hinnells (1991), are generally characteristic of most religions (Reiss 2008a):
Religions have a practical and ritual dimension that encompasses such elements as worship, preaching, prayer, yoga, meditation and other approaches to stilling the self.

The experiential and emotional dimension of religions has at one pole the rare visions given to some of the crucial figures in a religion’s history, such as that of Arjuna in the Bhagavad Gita, the revelation to Moses at the burning bush in Exodus and Saul on the road to Damascus in Acts. At the other pole are the experiences and emotions of many religious adherents, whether a once-in-a-lifetime discernment of the transcendent or a more frequent feeling of the presence of God either in corporate worship or in the stillness of one’s heart.

All religions hand down, whether orally or in writing, vital stories that comprise the narrative or mythic dimension, for example the story of the birth, life, death, resurrection and ascension of Jesus in the Christian scriptures. For some religious adherents such stories are believed literally, for others they are understood symbolically.

The doctrinal and philosophical dimension arises, in part, from the narrative/mythic dimension as theologians within a religion work to integrate these stories into a more general view of the world. Thus the early Christian church came to its understanding of the doctrine of the Trinity by combining the central claim of the Jewish religion – that there is but one God – with its understanding of the life and teaching of Jesus Christ and the working of the Holy Spirit.

If doctrine attempts to define the beliefs of a community of believers, the ethical and legal dimension regulates how believers act. So Sunni Islam has its Five Pillars, while Judaism has the Ten Commandments and other regulations in the Torah and Buddhism its Five Precepts.

The social and institutional dimension of a religion relates to its corporate manifestation, for example the Sangha – the order of monks and nuns founded by the Buddha to carry on the teaching of the Dharma – in Buddhism, the umma’ – the whole Muslim community – in Islam, and the Church – the communion of believers comprising the body of Christ – in Christianity.

Finally, there is the material dimension to each religion, namely the fruits of religious belief as shown by places of worship (e.g. synagogues, temples and churches), religious artefacts (e.g. Eastern Orthodox icons and Hindu statues) and sites of special meaning (e.g. the river Ganges, Mount Fuji and Uluru (Ayers Rock)).

As will be discussed below, the relationship between science and religion has changed over the years (Al-Hayani 2005, Brooke 1991, Szerszynski 2005); indeed, the use of the singular, ‘relationship’, risks giving the impression that there is only one way in which the two relate. Nevertheless, there are two key issues: one is to do with understandings of reality; the other to do with evidence and authority. Although it is always desperately difficult to generalise (difficult in the sense that one lays oneself open to accusations that one hasn’t considered every particular – and yet the alternative is to be submerged in a weight of detail that would surely suffocate all but the most devoted / obsessive of readers), most religions hold that reality consists of more than the objective world and many religions give weight to personal and/or (depending on the religion) institutional authority in a way that science generally strives not to.

For example, there is a very large religious and theological literature on the world to come, i.e. life after death, (e.g. Hick 1976/1985). However, to labour the point, although some (notably Atkins 2011) have argued that science disproves the existence of life after death, it can be objected that science, strictly speaking, has little or nothing to say about this question because life after death exists or would exist outside of or beyond the realm to which science relates. Furthermore, many religious believers within a particular religion are likely to find the pronouncements on the question of life after death by even the most intelligent and spiritual of their present leaders (let alone reputable scientists) to be of less significance than the few recorded words of their religion’s founder(s). In the case of Christianity, while the proportion of believers who take literally the resurrection promises of the New Testament may be less than in previous ages (though high quality comparative quantitative data are unavailable), it remains the case that literal belief in an afterlife is widespread among believers.
Before moving on to the nature of science, it is worth, in this section on the nature of religion, briefly saying something specifically about the nature of Christianity. While there are many Christian denominations, they all treat the Jewish scriptures and the New Testament as jointly constituting their scriptures, though there are differences as to which books are included in the Christian ‘Old Testament’. The core beliefs of Christianity are summed up in the books of the New Testament and subsequent formulations such as the Apostles’ and Nicene Creeds. The most widely recited formulation is the Nicene Creed which, in its 1975 ecumenical version, reads:
We believe in one God,

the Father, the Almighty

maker of heaven and earth,

of all that is, seen and unseen.

We believe in one Lord, Jesus Christ,

the only Son of God,

eternally begotten of the Father,

God from God, Light from Light,

true God from true God,

begotten, not made,

of one Being with the Father.

Through him all things were made.

For us and for our salvation

he came down from heaven:

by the power of the Holy Spirit

he became incarnate from the Virgin Mary, and was made man.

For our sake he was crucified under Pontius Pilate;

he suffered death and was buried.

On the third day he rose again

in accordance with the Scriptures;

he ascended into heaven

and is seated at the right hand of the Father.

He will come again in glory to judge the living and the dead,

and his kingdom will have no end.

We believe in the Holy Spirit, the Lord, the giver of Life,

who proceeds from the Father and the Son.

With the Father and the Son he is worshipped and glorified.

He has spoken through the Prophets.

We believe in one holy catholic and apostolic Church.

We acknowledge one baptism for the forgiveness of sins.

We look for the resurrection of the dead,

and the life of the world to come. Amen. (Episcopal Church 1979)
It is evident that some of the issues addressed in the Nicene Creed are to do with science and some are not. However, even those that at first appear not to be (e.g. the Trinity) have been examined from a science and religion perspective (e.g. Polkinghorne 2006). Indeed, if we restrict ourselves to those features of Christianity that are central to the science-religion issue, these include a belief that the triune God who creates, sustains and redeems the world is non-capricious (i.e. there are laws of nature) and deeply concerned with the created order (Poole 1998).
The Nature of Science

The term ‘nature of science’ is understood in a number of ways, as discussed elsewhere in this volume, but at its heart is knowledge about how, and to a lesser extent why, science is undertaken. So the nature of science includes issues about the fields of scientific enquiry and the methods used in that enquiry as well as, to a certain extent, something about the purpose of science.
A key point about the fields of scientific enquiry is that these have shifted over time. In large measure this is simply because of developments in instrumentation. We can now study events that happen at very low temperatures, at distances, at speeds and at magnifications that simply were not possible even a few decades ago. What is still unclear is the extent to which certain matters currently outside of mainstream science will one day fall within the compass of science. Take dreams, for example. It may be that these will remain too subjective for science but it may be that developments in the recording of brain activity will mean that we can obtain a sufficiently objective record of dreams for them to be amenable to rigorous scientific study.

But the scope of science has also shifted for reasons that are more to do with theorisation than with technical advances (Reiss in press a). Consider beauty. Aesthetics for a long time was not considered a scientific field. But there is now, within psychology and evolutionary biology, growing scientific study of beauty and desire (e.g. Buss 2003). Indeed, a number of the social sciences are being nibbled away at by the natural sciences and if one believes some scientists, almost the only valid knowledge is scientific knowledge (Atkins 2011).

Despite such movements in the fields of scientific enquiry and in the actual methods employed by scientists, the overarching methods of science (what a social scientist might term its methodology) have shifted far less, certainly for several hundreds of years, arguably for longer than that.

As is well known, Robert Merton characterised science as open-minded, universalist, disinterested and communal (Merton 1973). For Merton, science is a group activity; even though certain scientists work on their own, science, within its various sub-disciplines, is largely about bringing together into a single account the contributions of many different scientists to produce an overall coherent model of one aspect of reality. In this sense, science is (or should be) impersonal. Allied to the notion of science being open-minded, disinterested and impersonal is the notion of scientific objectivity. The data collected and perused by scientists must be objective in the sense that they should be independent of those doing the collecting (cf. Daston & Galison 2007) – the idealised ‘view from nowhere’. This is the main reason why the data obtained by psychotherapists are (at least at present) not really scientific: they depend too much on the specifics of the relationship between the therapist and the client. The data obtained by cognitive behavioural therapists, on the other hand, are more scientific (cf. Salkovskis 2002).
Karl Popper emphasised the falsifiability of scientific theories (Popper 1934/1972): unless one can imagine collecting data that would allow one to refute a theory, the theory isn’t scientific. The same applies to scientific hypotheses. So, iconically, the hypothesis ‘All swans are white’ is scientific because we can imagine finding a bird that is manifestly a swan (in terms of its anatomy, physiology and behaviour) but is not white. Indeed, this is precisely what happened when early White explorers returned from Australia with tales of black swans.

Popper’s ideas easily give rise to a view of science in which knowledge accumulates over time as new theories are proposed and new data collected to distinguish between conflicting theories. Much school experimentation in science is Popperian: we see a rainbow and hypothesise that white light is split up into light of different colours as it is refracted through a transparent medium (water droplets); we test this by attempting to refract white light through a glass prism; we find the same colours of the rainbow are produced and our hypothesis is confirmed. Until some new evidence causes it to be falsified, we accept it (Reiss 2008a).

Thomas Kuhn made a number of seminal contributions but he is most remembered nowadays for his argument that while the Popperian account of science holds well during periods of normal science when a single paradigm holds sway, such as the Ptolemaic model of the structure of the solar system (in which the Earth is at the centre) or the Newtonian understanding of motion and gravity, it breaks down when a scientific crisis occurs (Kuhn 1970). At the time of such a crisis, a scientific revolution happens during which a new paradigm, such as the Copernican model of the structure of the solar system or Einstein’s theory of relativity, begins to replace (initially to co-exist with) the previously accepted paradigm. The central point is that the change of allegiance from scientists believing in one paradigm to their believing in another cannot, Kuhn argues, be fully explained by the Popperian account of falsifiability.

A development of Kuhn’s work was provided by Lakatos (1978) who argued that scientists work within research programmes. A research programme consists of a set of core beliefs surrounded by layers of less central beliefs. Scientists are willing to accept changes to these more peripheral beliefs so long as the core beliefs can be defended. So, in biology, we might see in contemporary genetics a core belief in the notion that development proceeds via a set of interactions between the actions of genes and the influences of the environment. At one point, it was thought that the passage from DNA to RNA was unidirectional. Now we know (reverse transcriptase, etc.) that this is not always the case. The core belief (that development proceeds via a set of interactions between the actions of genes and the influences of the environment) remains unchanged but the less central belief (that the passage from DNA to RNA is unidirectional) is abandoned.

The above account of the nature of science portrays science as what John Ziman (2000) has termed ‘academic science’. Ziman argues that such a portrayal was reasonably valid between about 1850 and 1950 in European and American universities but that since then we have entered a phase largely characterised by ‘post-academic science’. Post-academic science is increasingly transdisciplinary and utilitarian, with a requirement to produce value for money. It is more influenced by politics, it is more industrialised and it is more bureaucratic. The effect of these changes is to make the boundaries around the domain of science a bit fuzzier. Of course, if one accepts the contributions of the social study of science (e.g. Yearley 2005) one finds that these boundaries become fuzzier still. The argument in this chapter does not rely on such a reading of science though someone who is persuaded by the ‘Strong Programme’ within the sociology of scientific knowledge (i.e. the notion that even valid scientific theories are amenable to sociological investigation of their truth claims) is much more likely to accept the worth of science educators considering the importance of religion as one of many factors that influence the way science is practised and scientific knowledge produced.

Understandings of Possible Relationships between Science and Religion
It is clear that there can be a number of axes on which the science/religion issue can be examined. For example, the effects of the practical and ritual dimension are being investigated by scientific studies that examine such things as the efficacy of prayer and the neurological consequences of meditation (e.g. Lee & Newberg 2005); a number of analyses of religious faith, informed by contemporary understandings of evolutionary psychology, behavioural ecology and sociobiology, examine the possibility or conclude that religious faith can be explained by science (e.g. Dennett 2006, Hinde 1999, Reynolds & Tanner 1983); the narrative/mythic dimension of religion clearly connects (in ways that will be examined below) with scientific accounts of such matters as the origins of the cosmos and the evolution of life; the doctrinal and philosophical dimension can lead to understandings that may agree or disagree with standard scientific ones (e.g. about the status of the human embryo); and the ethical and legal dimension can lead to firm views about such matters as land ownership, usury and euthanasia.

Perhaps only the social and institutional and the material dimensions of religion are relatively distinct from the world of science (understand as the natural sciences rather than the social sciences more broadly), in that science has little if anything to say about such manifestations of religion – i.e., in Christianity, the Church and such things as religious artefacts.
There is now a very large literature on the relationship between science and religion (a major overview is provided by Clayton & Simpson 2006). Indeed, the journal Zygon specialises in this area while Science & Christian Belief focuses on the relationship between science and Christianity. A frequent criticism by those who write in this area (e.g. Roszak 1994 and regular articles by Andrew Brown and Paul Vallely in the Church Times) is of what they see as simplistic analyses of the area by those, often renowned scientists, who write occasionally about it. Indeed, it is frequently argued that the clergy both in the past and nowadays are often far more sympathetic to a standard scientific view on such matters as evolution than might be supposed (e.g. Colburn & Henriques 2006).

A particularly thorough historical study of the relationship between science and religion is provided by John Hedley Brooke (1991). Brooke’s aim is “to reveal something of the complexity of the relationship between science and religion as they have interacted in the past” (p. 321). He concludes:

Popular generalizations about that relationship, whether couched in terms of war or peace, simply do not stand up to serious investigation. There is no such thing as the relationship between science and religion. It is what different individuals and communities have made of it in a plethora of different contexts. Not only has the problematic interface between them shifted over time, but there is also a high degree of artificiality in abstracting the science and the religion of earlier centuries to see how they were related (Brooke 1991, p.321).
Perhaps the best known categorisation of the ways in which the relationship between science and religion can be understood was provided by Ian Barbour (1990). Barbour himself updated this book (Barbour 1997) and since 1990 there has been a considerable literature about the ways in which science and religion relate (e.g. Glennan 2009, Haught 1995, Plantinga 2010, Stenmark 2004); indeed, Mark Vernon argues that rather more agnosticism and less dogmatism in the science-religion field would be wise (Vernon 2008). Nevertheless, Barbour’s (1990) typology continues to dominate the literature and so is employed here. Barbour, who focuses especially on epistemological assumptions of recent Western authors, identifies four main groupings.

First, there is the relationship of conflict; ‘first’ simply because it is the first in Barbour’s list and first, perhaps, also in the minds of many people, whether or not they have a religious faith (cf. McGrath 2005). Barbour doesn’t give a reason for the order of his listing but at least two can be suggested: comprehensibility and familiarity. It is both easy and familiar (given Barbour’s declared focus on recent Western authors) to see the relationship between science and religion as one of conflict. However, as one might expect from a professor of science, technology and society giving the Gifford lectures (the result of an 1885 bequest of £80,000 “for the establishment of a series of lectures dealing with the topic of natural religion” (Gifford lectures 2006)), Barbour sees limitations in this way of understanding the science/religion issue. As he memorably puts it:

In a fight between a boa constrictor and a wart-hog, the victor, whichever it is, swallows the vanquished. In scientific materialism, science swallows religion. In biblical literalism, religion swallows science. The fight can be avoided if they occupy separate territories or if, as I will suggest, they each pursue more appropriate diets (Barbour 1990, p.4).
Barbour’s second grouping is independence (e.g. Gould 1999). Science and religion may be seen as independent for two main reasons: because they use distinctive methods or because they function as different languages. In any event, the result is that each is seen as distinct from the other and as enjoying its own autonomy:

Each has its own distinctive domain and its characteristic methods that can be justified on its own terms. Proponents of this view say there are two jurisdictions and each party must keep off the other’s turf. Each must tend to its own business and not meddle in the affairs of the others. Each mode of inquiry is selective and has its limitations (Barbour 1990, p.10).
Barbour’s third grouping moves beyond conflict and independence to dialogue (cf. Berry 1988, Polkinghorne 2005, Watts 1998, Williams 2001). As an example of dialogue, Barbour points out how our understanding of astronomy has forced us to ask why the initial conditions were present that allowed the universe to evolve. The point is not that the findings of science require a religious faith – that would be for the wart-hog of religion to swallow the boa constrictor of science. Rather the point is that scientific advances can give rise (no claim is made that they do for all people) to religious questions, so that a dialogue ensues.

Barbour’s final grouping is one in which the relationship between science and religion is seen to be one of integration (cf. Peacocke 2001, Polkinghorne 1994). For example, in natural theology it is held that the existence of God can be deduced from aspects of nature rather than from revelation or religious experience (e.g. Ray 1691/2005). Natural theology has rather fallen out of favour (but see Polkinghorne 2006). A more modern version is process theology which rejects a view of the world in which purely natural events (characterised by an absence of divine activity) are interspersed with occasional gaps where God acts. Rather, for process theologians, every event is understood “to be jointly the product of the entity’s past, its own action, and the action of God” (Barbour 1990, p.29). Furthermore, God is not the Unmoved Mover of Thomas Aquinas but instead acts reciprocally with the world.
I think it can be difficult for those who have never had a religious faith, or have only had one rather tenuously, to imagine what a life is like that is lived wholly within a religious ordering. For such a person, the relationship between science and their faith may be described as ‘integrated’ though this is to give an epistemological framing to the relationship, whereas what may be going on is that the person has little overt interest in the precise nature of the relationship between science and religion other than that there can clearly be no conflict between them.
Anthropologists provide good accounts of what it can be like to live a life where one’s religious faith integrates with every aspect of one’s life. One of my favourite such accounts is that of du Boulay (2009) who studied life in a Greek Orthodox Village in the late 1960s and early 1970s. Everything that happened in the village needs to be understood by reference to Greek Orthodoxy. To give just one instance, the annual liturgical and agricultural cycles intermeshed, so that after the harvest, the sowing of the seed for next year’s harvest was closely related to the Christian calendar:
The main sowing of the wheat is carried into November, and the Archangel Michael, celebrated on 8 November and seen on his icons with drawn sword, is a formidable figure associated with the darkening November days with the leaves being stripped from the trees and the smoke gusting in ashy draughts down the chimneys; but this is a month named after the preeminent agricultural task – ‘The Sower’ (Σποριας). And the Entry of the Mother of God into the Temple on 21 November, soon after the Christmas fast has begun, is also in the village given the character of the time as the ‘Mother of God Half-Way-Through-The-Sowing’ (Παναγια Μισοσπειριτσα). The task of the sowing of the wheat then continues into the time know as ‘Andrew’s’ (St Andrew, whose day is 30 November, but who has given his name to the following month of December), and can go on up to Christmas – and even beyond, if the weather has not been fit (du Boulay 2009, p.106).
Having examined possible relationships between science and religion, and given a flavour of the way in which religion can order a person’s understanding of and immersion in the world, I turn now to the issues of determinism and evolution to discuss at a more fine-grained level how Christianity and science can co-relate.
Determinism
The ‘science-religion issue’ is often examined simply by recourse to certain cause célèbres – Galileo and Copernican heliocentrism, Darwin and evolution, arguments about the sanctity of life, for example. At school level, examinations of such particular instances of the relationship between science and religion, along with a more general consideration about how science and religion can relate, are perfectly appropriate. However, there are certain ‘higher order’ questions that teachers and curriculum developers need to consider to decide whether they can be introduced meaningfully at school level. One such central question is about whether nature is deterministic and, if it/she is not, whether that has anything to do with divine action. Theologically speaking, this is part of the more general question as to how (for those who have a religious faith) God acts in nature (Dixon 2008).
The post-Newtonian advent in the early twentieth century of quantum theory and, later in the same century, of chaos theory has led many to wonder whether within either or both of these two frameworks might lie a space for divine action in a way that does not contradict the scientific worldview in the way that miracles seem to. For almost anyone who has not studied quantum physics to at least first degree level, it is exceptionally difficult to understand what is going on that is relevant to the science-religion issue but a core concept is that of determinism, which results from the issue of the relationship of measurement to reality (e.g. Bhaskar 1978, Osborn 2005).

As is well known, in 1927 Heisenberg agued that certain key physical variables that had previously been presumed to be independent (e.g. the position and momentum of an object) are linked. Measuring the one to a very high degree of precision necessarily means that the other cannot be so precisely determined. Thus far there is not a great deal that is of interest to the non-physicist – the issue appears to be one of epistemology. However:

Heisenberg himself took a more radical view – he saw this limitation as a property of nature rather than an artefact of experimentalism. This radical interpretation of uncertainty as an ontological principle of indeterminism implies that quantum mechanics is inherently statistical – it deals with probabilities rather than well-defined classical trajectories. Such a view is clearly inimical to classical determinism (Osborn 2005, p.132).
Put somewhat loosely, a number of people have tried to find room for divine action in this indeterminancy. No consensus yet exists as to the validity of this search though, on balance, the current views seems to be that such a search is mistaken for reasons both of theology and of physics. A particularly helpful, though demanding, analysis of both the theology and the physics is provided by Saunders (2002). Beginning with the theology, Saunders draws on the widespread distinction between general and special forms of divine action. In the words of Michael Langford, general divine action is “the government of the universe through the universal laws that control or influence nature, man, and history, without the need for specific or ad hoc acts of divine will” (Langford 1981, p.11). On the other hand, special divine action is characterised by:

Those actions of God that pertain to a particular time and place in creation as distinct from another. This is a broad category and includes the traditional understanding of ‘miracles’, the notion of particular providence, responses to intercessionary prayer, God’s personal actions, and some forms of religious experience (Saunders 2002, p.20).
Oversimplifying considerably, all religions are comfortable with the notion of general divine action but they differ both among and within themselves considerably in their understanding of specific divine action. In particular, many leading theologians (but see Pannenberg 2006) are uncomfortable with the notion of specific divine action so defined for a number of reasons including the particular problems for the occurrence of suffering that it raises (if suffering can sometimes be averted miraculously, why isn’t it always or, at least, much more often?) and the apparent shortcomings, including capriciousness, suggested by a divine being who relies on occasional exercises of supernatural activity to keep things moving along (cf. Kenny 1992).

Going onto the physics, Saunders is sceptical of attempts to locate the possibility of specific divine action in quantum or chaos theory. The argument here becomes even more technical and depends, in respect of quantum theory, on whether one accepts the standard (Copenhagen) interpretation of reality (in which Schrödinger’s cat is either dead or alive before the box is opened) or the more radical interpretation (in which the cat is both dead and alive). In both cases, though, as well as in the case of chaos theory (sometimes termed ‘complexity theory’ on the grounds that it deals with systems that are deterministic but unpredictable because of their exquisite sensitivity to small changes in their initial conditions) Saunders rejects attempts to find opportunities for specific divine activity in the science.
Evolution

The Scientific Consensus Concerning Evolution

As with any large area of science, there are parts of what we might term ‘front-line’ evolution that are unclear, where scientists still actively work attempting to discern what is going on or has gone on in nature. But much of evolution is not like that. Evolution is a well-established body of knowledge that has built up over 150 years as a result of the activities of many thousands of scientists. The following are examples of statements about evolution that lack scientific controversy:

· All of today’s life on Earth is the result of modification by descent from the simplest ancestors over a period of several thousand million years.

· Natural selection is a major driving force behind evolution.

· Evolution relies on those occasional instances of the inheritance of genetic information that help (rather than hinder) its possessor to be more likely to survive and reproduce.

· Most inheritance is vertical (from parents) though some is horizontal (e.g. as a result of viral infection carrying genetic material from one species to another).

· The evolutionary forces that gave rise to humans do not differ in kind from those that gave rise to any other species. (Reiss in press b)

For those who accept such statements and the theory of evolution, there is much about the theory of evolution that is intellectually attractive. For a start, a single theory provides a way of explaining a tremendous range of observations; for example, why it is that there are no rabbits in the Precambrian, why there are many superficial parallels between marsupial and placental mammals, why monogamy is more common in birds than in fish and why sterility (for example, in termites, bees, ants, wasps and naked mole rats) is more likely to arise in certain circumstances than in others. Indeed, I have argued elsewhere that evolutionary biology can help with some theological questions, including the problem of suffering (Reiss 2000).

Rejecting Evolution

The theory of evolution is not a single proposition that a person must either wholly accept or wholly reject. At one pole are materialists who, eschewing any sort of critical realist distinction between the empirical, the actual and the real (Bhaskar 1978), maintain that there is no possibility of anything transcendent lying behind what we see of evolution in the results of the historical record (fossils, geographical distributions, comparative anatomy and molecular biology) and today’s natural environments and laboratories. At the other pole are the advocates of creationism, inspired by a literal reading of certain scriptures. But in between lie many others (Scott 1999) including those who hold that evolutionary history can be providential as human history is.

In addition, there are a whole set of non-religious reasons why someone may actively reject aspects of the theory of evolution. After all, it may seem to defy common sense to suppose that life in all its complexity has evolved from non-life. And then there is the tremendous diversity of life we see around us. To many it hardly seems reasonable to presume that giant pandas, birds of paradise, spiders, orchids, flesh-eating bacteria and the editor of this book all share a common ancestor – yet that is what mainstream evolutionary theory holds.

It is, though, for religious reasons that many people reject evolution. Creationism exists in a number of different forms but between about 10% of adults in the Nordic countries and Japan and 50% of adults in Turkey (40% in the USA) reject the theory of evolution and believe that the Earth came into existence as described by a literal (i.e. fundamentalist) reading of the early parts of the Bible or the Qur’an and that the most that evolution has done is to change species into closely related species (Lawes 2009, Miller et al. 2006). Christian fundamentalists general hold that the Earth is nothing like as old as evolutionary biologists and geologists conclude – as young as 10,000 years or so for Young Earth Creationists. For Muslims, the age of the Earth is much less of an issue.

Allied to creationism is the theory of intelligent design. While many of those who advocate intelligent design have been involved in the creationism movement, to the extent that the US courts have argued that the country’s First Amendment separation of religion and the State precludes its teaching in public schools (Moore, 2007), intelligent design can claim to be a theory that simply critiques aspects of evolutionary biology rather than advocating or requiring religious faith. Those who promote intelligent design typically come from a conservative faith-based position (though there are atheists who accept intelligent design). However, in their arguments against evolution, they typically make no reference to the scriptures or a deity but argue that the intricacy of what we see in the natural world, including at a sub-cellular level, provides strong evidence for the existence of an intelligence behind this (e.g. Meyer 2009). An undirected process, such as natural selection, is held to be incapable of explaining all such intricacy.

Evolution in School Science

Few countries have produced explicit guidance as to how schools might deal with the issues of creationism or intelligent design in the science classroom. One country that has is England (Reiss 2011). In the summer of 2007, the then DCSF (Department of Children, Schools and Families) Guidance on Creationism and Intelligent Design received Ministerial approval and was published (DCSF 2007). The Guidance points out that the use of the word ‘theory’ in science (as in ‘the theory of evolution’) can mislead those not familiar with science as a subject discipline because it is different from the everyday meaning, when it is used to mean little more than an idea.
The DCSF Guidance goes on to state: “Creationism and intelligent design are sometimes claimed to be scientific theories. This is not the case as they have no underpinning scientific principles, or explanations, and are not accepted by the science community as a whole” (DCSF 2007) and then says:

Creationism and intelligent design are not part of the science National Curriculum programmes of study and should not be taught as science. However, there is a real difference between teaching ‘x’ and teaching about ‘x’. Any questions about creationism and intelligent design which arise in science lessons, for example as a result of media coverage, could provide the opportunity to explain or explore why they are not considered to be scientific theories and, in the right context, why evolution is considered to be a scientific theory (DCSF 2007).
This is a key point and one that is independent of country, whether or not a country permits the teaching in schools of religion (as in the UK) or does not (as in France, Turkey and the USA). Many scientists, and some science educators, fear that consideration of creationism or intelligent design in a science classroom legitimises them. For example, the excellent book Science, Evolution, and Creationism published by the US National Academy of Sciences and Institute of Medicine asserts “The ideas offered by intelligent design creationists are not the products of scientific reasoning. Discussing these ideas in science classes would not be appropriate given their lack of scientific support” (National Academy of Sciences and Institute of Medicine 2008, p.52).

However, just because something lacks scientific support doesn’t seem a sufficient reason to omit it from a science lesson. This is a point that holds more widely than with respect to the teaching of evolution; for instance, when teaching about climate change one might want to examine the argument that sunspot cycles are sufficient to explain all of global warming, even though this is no longer a reputable scientific position. Nancy Brickhouse and Will Letts (1998) have argued that one of the central problems in science education is that science is often taught ‘dogmatically’. With particular reference to creationism they write:

Should student beliefs about creationism be addressed in the science curriculum? Is the dictum stated in the California’s Science Frameworks (California Department of Education, 1990) that any student who brings up the matter of creationism is to be referred to a family member of member of the clergy a reasonable policy? We think not. Although we do not believe that what people call ‘creationist science’ is good science (nor do scientists), to place a gag order on teachers about the subject entirely seems counterproductive. Particularly in parts of the country where there are significant numbers of conservative religious people, ignoring students’ views about creationism because they do not qualify as good science is insensitive at best (Brickhouse & Letts 1998, p.227).
Evolution in Science Museums

Education about evolution does not only take place in schools. It takes place through books, magazines, TV, the internet, radio and science museums. Science museums have long had exhibits about evolution. Tony Bennett (2004) provides an historical analysis to look at how science museums have presented evolution. He attempts to discern the modes of power that lie behind the manifestations of particular forms of knowledge and concludes that:

In their assembly of objects in newly historicised relations of continuity and difference, evolutionary museums not only made new pasts visible; they also enrolled those pasts by mobilising objects – skulls, skeletons, pots, shards, fossils, stuffed birds and animals – for distinctive social and civic purposes (Bennett 2004, p.189).
In one sense this is hardly surprising – museums have to make selections about what to display and how to curate such displays and these are clearly cultural decisions, whether one is referring to evolution or anything else. However, visitors to science museums can easily presume that they are being presented with objective fact. For example, the classic story about the evolution of the modern horse can be oversimplified to the point that the viewer concludes that evolution is linear and progressive.
Monique Scott too has produced a book about evolution in museums (Scott 2007) though her work, unlike Bennett’s, is more to do with the present than with history. Using questionnaires and interviews, Scott gathered the views of nearly 500 visitors at the Natural History Museum in London, the Horniman Museum in London, the National Museum of Kenya in Nairobi and the American Museum of Natural History in New York. Perhaps her key finding is that many of the visitors interpreted the human evolution exhibitions as providing a linear narrative of progress from African prehistory to a European present. As she puts it:

Despite the distinctive characters of each of the four museums considered here and the specific cultural differences among their audiences, it is clear that museums and their visitors traffic in common anthropological logic – namely the color-coded yardstick of evolutionary progress. In fact, visitors equipped with a weighty set of popular images – imagery derived from such things as Condé Nast Traveler magazines, Planet of the Apes films, and National Geographic images – occupy the nexus between the evolutionary folklore circulating outside the museum and that which has been generated within it. This collection of images often urges Western museum visitors to negotiate between the “people who stayed behind” and their own fully evolved selves (defined often by such culturally coded “evolutionary leaps” as clean-shaven-ness and white skin) (Scott 2007, p.148).
So how might one hope that science museums would treat religion when putting together exhibitions about evolution? Museums have a number of advantages over classroom teachers; for one thing, they usually have longer to prepare their teaching. So we might hope that a science museum, while not giving the impression that the occurrence of evolution is scientifically controversial today, might convey something of the history of the theory of evolution. This would include the fact that evolution was once scientifically controversial and that religious believers have varied greatly as to how they have reacted to the theory of evolution. On the one hand we have today’s creationists; on the other we have Charles Kingsley, the Anglican divine and friend of Charles Darwin, who read a pre-publication copy of On the Origin of Species and wrote to Darwin:

I have gradually learnt to see that it is just as noble a conception of Deity, to believe that he created primal forms capable of self development into all forms needful pro tempore & pro loco, as to believe that He required a fresh act of intervention to supply the lacunas wh. he himself had made (Kingsley 1859).
The Uses to which Advances in Scientific Knowledge may be Put

The tremendous growth in scientific knowledge means that we are faced with an ever-increasing number of ethical questions that our predecessors simply did not have to consider. Many of these are in the area of bioethics (e.g. Brierley et al. in press, Mepham 2008). How do we weigh human interests against those of the natural environment and laboratory animals? Is it acceptable to experiment on human embryos? And what role does religion have in answering such ethical questions about our use of scientific knowledge?

In a recent book titled Dishonest to God: On keeping God out of politics, Mary Warnock (2010), despite having a certain affection and sympathy for the Church of England, lists many examples where religious arguments have in her view inappropriately been used in parliamentary debates in attempts, some successful, some unsuccessful, to influence national legislation. She concludes:

The danger of religion, any religion, lies in its claim to absolute immutable moral knowledge which, if justified, would indeed give its adherents a special place in instructing others how to behave, perhaps even a right to do so (Warnock 2010, p.165).
Our concern here is not so much with claims to knowledge as with how one makes practical decisions about scientific matters in a world with a multiplicity of values, religious and otherwise. And here religion has a place at the table (Reiss 2012). In just the same way as consequentialists have to learn to accept that many deontologists are not going to accept the consequentialist understanding of ethics as being decisive, and vice versa, so those of no religious persuasion need to accept that significant numbers of people have religious beliefs and hold that these beliefs help shape what is deemed morally right and morally wrong.

In this sense, those of no religious persuasion need to take the same sort of account of religious believers as those who eat meat need to take account of vegetarians. We would deem it unacceptable, nowadays, for the authorities in charge of a prison, a hospital or any other residential establishment to fail to provide vegetarian food on the grounds that vegetarianism is unnecessary, a minority lifestyle choice or a fad. In the same way, a secular society that respects its citizens needs to take account of religious views. Of course, precisely the converse holds too. A theocracy that respects its citizens needs to take account of the views of those who have no religious faith or belong to a minority faith. 

I am well aware that to many with a religious faith this may seem like ‘selling out’. To this objection I would respond as follows. First, it is as good as you are going to get nowadays in an increasing number of countries. Secondly, if a religious viewpoint has sufficient validity, it should be capable of holding its own in arguments with those who have no religious faith. For example, while Roman Catholic arguments about the unacceptability of contraception are very difficult to defend to non Roman Catholics, more broad-based arguments about the sanctity of human life and therefore the unacceptability of euthanasia can receive a more sympathetic hearing among a secular audience so long as ‘the sanctity of human life’ is not seen as a trump card but is translated into religiously neutral language about respect and the protection of the vulnerable. Thirdly, my own reading of the Christian scriptures is that God’s nature is such that there is rarely an easily discerned voice from heaven. Usually, determination of what is morally right and morally wrong, while influenced by the reading of scripture and an understanding of the religious tradition to which one belongs, needs supplanting by broader reflection and study and should be informed, in the case of bioethics, by on-going advances in the biosciences.

One objection to the line I have been advancing is that it is a relativistic one that depends on the specifics of history and geography. This is a common objection – not just in theology and bioethics but in other disciplines including science and aesthetics – and a standard response is to assert that to deny immutable knowledge is not necessarily to slide inexorably into relativism. One can occupy a middle ground. Indeed, as Parfit (2011) concludes, there are considerable commonalities between the main secular ethical frameworks (Kantian deontology, consequentialism and contractualism) once one gets down to specifics.

There will be some, who may or may not be atheists, who are not convinced that religion has any role to play in bioethics or any other issue to do with the use to which scientific knowledge is put. Religion, it might be maintained, rests on irrational belief in the supernatural and an excessive reliance on tradition and while notions of respect may require us to tolerate such views, nothing should be done that might allow them to influence public policy. It’s fine for people to have freedom of expression (e.g. freedom to attend worship) but that is entirely separate from granting religion a public role. If religion were to enjoy such privileges, we would have to extend them to other odd belief systems, such as those who believe they have been abducted by aliens (Clancy 2005) or those who hold that Elvis Presley is still alive (e.g. Brewer-Giorgio 1988, Elvis Is Alive 2012).

There are several reasons why this line of argument does not work. First, the proportion of the population, even in more secular countries, who have some religious beliefs is considerably higher than the proportion of the population who believe in alien abductions or Elvis’ longevity. Secondly, religious faith has been around for all of human time whereas conspiracy theories and fads come and go. Thirdly, religious beliefs are often core to a person’s being in a way that alien abduction (however upsetting) and Presley mania are but rarely. Fourthly, there is a close connect between many bioethical issues and religious faith which there isn’t between bioethical issues and alien abduction or Elvis Presley. Of course, if the state were to set up a publicly-funded museum about aliens, then there might well be a case for granting a voice to those who believe they have experienced such abductions (and this would almost certainly be good for business).
The Approach of Worldviews

Before going on to consider the pedagogical implications of all this, mention should be made of one approach to the science-religion issue that has become prominent within science education and is of considerable pedagogical value – namely the concept of worldviews. The essence of a worldview, as the word itself implies, is that it is a way of conceiving and understanding the world that one inhabits (cf. Aerts et al. 1994). So, someone with a traditional Christian worldview is likely to believe that the world is fundamentally good but has become corrupted as a result of human sin. However, there is always the hope of redemption and one of the tasks of Christians is to live their lives so as to help bring about the kingdom of God. On the other hand, someone with an atheistic worldview is likely to believe that the world is morally neutral and that there are no ultimate purposes in life beyond those that we decide for ourselves. Which of these two worldviews one finds the more convincing and conducive says much about oneself.
Creationism can profitably be seen not as a simple misconception that careful science teaching can correct, as careful science teaching might hope to persuade a student that an object continues at uniform velocity unless acted on by a net force, or that most of the mass of a plant comes from air as opposed to the soil. Rather, a student who believes in creationism can be seen as inhabiting a non-scientific worldview, a very different way of seeing the world compared to the scientific perspective. The pedagogical significance of this comes largely from the observation that one very rarely changes one’s worldview as a result of one or two lessons, however well taught, whereas one may indeed replace a misconception with its scientifically validated alternative about such a brief teaching sequence (Reiss 2008b).
The probable reason for this difference in the difficulty of replacing worldviews and misconceptions is two-fold. First, a student is likely to have far more of personal significance invested in a religious worldview than a scientific misconception. It is clear that the personal implications of abandoning a belief in a literal reading of the chronology of Genesis, including the six days of creation as 6 periods each of 24 hours, are far greater than of discarding a presumption that plants gain most of their mass from the soil. Secondly, many scientific misconceptions are relatively discrete – one can discard one without this affecting much else of one’s scientific understanding. Abandoning creationism entails accepting the notion of Deep Time, the relatedness of all life and the realisation that there is no scala naturae. 
Pedagogical Implications
The question of the significance of religious issues for science education can be considered at the intended, the implemented and the attained curriculum levels (Robitaille & Dirks 1982). In a school setting there are therefore implications for curriculum developers, for classroom teachers and for learners. In this section I concentrate on teachers (whether in school science classrooms or informal settings) and learners.

Science teaching is demanding for teachers, particularly in a school setting. I have discussed elsewhere whether or not it is realistic to expect science teachers to deal with ethical issues in science lessons (Reiss 1999). Although there are examples of this happening successfully (Jones et al. 2010, Reiss 2008c), this is far from always being the case. It seems even more optimistic to expect science teachers to deal with religious issues, even when these are restricted to religious issues that relate to science. I therefore welcome the current guidelines in England about dealing with creationism in science lessons (DCSF 2007) which do not require but do allow science teachers to deal with the creationism and suggest that this principle be followed when dealing with religious issues in general in science classrooms.
The aim of including religion in science learning is not primarily to teach about religion but to enable richer and more effective ways to enable students to understand certain ideas within science and to help them appreciate better certain topics where science and religion interact. If science teachers, or other communicators of science, do deal with religious issues, or science issues that have religious connotations, I recommend that they be both true to science and respectful of their students and others, irrespective of such people’s religious beliefs. Indeed, nothing pedagogically is to be gained by denigrating or ridiculing students.
The principle of respect for students has implications for assessment too. Well-designed examination material should be able to test student knowledge of science and its methods without expecting students to have to convert, or pretend that they have converted, to a materialistic set of beliefs. So, for example, while it is appropriate to ask students to explain how the standard neo-Darwinian theory of evolution attempts to account for today’s biodiversity it is not appropriate to ask students to explain how the geological sciences prove that the Earth is billions of years old.

Perhaps the most important implications of religion in general and Christianity in particular for the teaching of science come when teaching about the nature of science (Black et al. 2007). It can be a useful exercise with some students for science educators to get them to consider whether such topics as astrology, ghosts, paranormal phenomena and miracles fall within the scope of science or not. The aim is not to smuggle such topics into science but to get students more rigorously to think about what science is and how it proceeds. I remember one student of mine who undertook a survey among her peers to see whether, as predicted by astrology, their astrological birth sign was related to their personality, using a validated measure of personality. It wasn’t. That student learnt something about science that was of value to her that I suspect she might not have learnt had I told her not to be silly and instead research something within mainstream science.
Skehan and Nelson (2000) point out that science educators generally do not do a good job of providing students with criteria to compare the strength of great scientific ideas. They emphasise the value of enabling students to develop skills of critical thinking when considering controversial topics such as evolution and provide a valuable list of eight criteria for comparing major scientific theories:

1. How many lines of independent evidence support the theory?

2. How many previously unconnected areas of knowledge did a theory tie together?

3. Does the theory make precise predictions?

4. How clear are the causal mechanisms?

5. Does the theory adequately explain the ultimate origin of the systems it describes and explains?

6. Is the theory scientifically controversial, or only publicly or politically controversial?

7. Is the theory fundamental to many practical benefits embraced by our economic system?

8. Is the theory widely understood and accepted by the general public?

This list differs considerably from the criteria discussed earlier (in the section on the nature of science). Nevertheless, there would seem to be much of value in encouraging students to consider such questions (or others) when examining the validity of evolution or other major scientific theories. 
Stolberg and Teece (2011) write about how to teach the science-religion issue but address their advice to specialist teachers of religion, not science, which provides a useful counterweight to the rest of this section. They point out that religious education teachers often assume that they should be neutral when teaching about controversial issues, yet this can be unrealistic and may not be the most effective way of teaching:

Teachers may well feel that adopting a neutral stance – focusing on ‘the facts’, giving a ‘balanced’ picture – is most likely to be the ‘safest’ one to adopt. In practice, this is a very difficult strategy to achieve. The choice of facts you present (or withhold), the ‘expert’ opinions you share with your students and all the other educational judgments – in terms of the resources chosen and time devoted to the issue being explored – makes the effort of teaching religion and science issues in this way unrealistic. As with all controversial issues, however, your students need to be taught to examine critically the information they are given and the attitudes o values that have led to its production. So, rather than seeking to ‘not get involved’, you should be explicit about the aims and objectives of any exercise so that your students are aware of the circumstances in which they are being asked for their opinions and share the basis for their thinking. (p.71)
Specific Issues to do with Creationism
Part of the purpose of school science lessons is to introduce students to the main conclusions of science – and the theory of evolution is one of science’s main conclusions. For this reason, school biology and earth science lessons should present students with the scientific consensus about evolution and parents should not have the right to withdraw their children from such lessons. At the same time, science teachers should be respectful of any students who do not accept the theory of evolution for religious (or any other) reasons.
Science teachers should not to get into theological discussions, for example about the interpretation of scripture. They should stick to the science and if they are fortunate enough to have one or more students who are articulate and able to present any of the various creationist arguments against the scientific evidence for evolution (e.g. that the theory of evolution contradicts the second law of thermodynamics, that radioactive dating techniques make unwarranted assumptions about the constancy of decay rates, that evolution from inorganic precursors is impossible in the same way that modern science disproved theories of spontaneous generation), they should use their contributions to get the rest of the group to think rigorously and critically about such arguments and the standard accounts of the evidence for evolution.

My own experience of teaching the theory of evolution for some thirty years to school students, undergraduate biologists, trainee science teachers, members of the general public and others is that people who do not accept the theory of evolution for religious reasons are most unlikely to change their views as a result of one or two lessons on the topic, and others have concluded similarly (e.g. Long 2011). However, that is no reason not to teach the theory of evolution to such people. One can gain a better understanding of something without necessarily accepting it. Furthermore, recent work suggests that careful and respectful teaching about evolution can indeed make students who initially reject evolution considerably more likely to accept at least some aspects of the theory of evolution (Winslow et al. 2011).

For sites of informal education there are some issues that are the same for schools and some that are different. The principles of respect for students and others, irrespective of their religious beliefs, holds in the same way but the principle of being true to science manifests itself somewhat differently depending on the nature of the site of informal education. If the site is one that identifies itself as being scientific, for example a science or natural history museum or centre, then it can validly attempt to convince visitors that the standard scientific position is correct. Other informal education sites may have less of a science agenda. In any event, any museum or other site of informal learning should be able to prepare carefully and access resources in a way that may not be possible for a classroom teacher, so as to ensure that an exhibition, a display, a taught session or an outreach activity does deal with relevant religious issues.
Finally, there are an increasing number of creationist museums (e.g. http://creationmuseum.org/) and zoos (e.g. www.noahsarkzoofarm.co.uk/). Perhaps somewhat optimistically, I would ask those running such creationist places of learning to make one concession to evolution. I do not expect them to promote evolution but it is reasonable to ask them to make it clear that the scientific consensus is that the theory of evolution and not creationism is the best available explanation for the history and diversity of life. It is perfectly acceptable for those running creationist institutions to critique evolution and to try to persuade those visiting such institutions that the standard evolutionary account is wrong. But just as science teachers with no religious faith should respect students who have creationist views, so creationists should not misrepresent creationism as being in the scientific mainstream. It is not.

References
Aerts, D., Apostel L., De Moor B., Hellemans S., Maex E., Van Belle H. & Van Der Veken J. (1994). World Views: From fragmentation to integration. Brussels: VUB Press. Available at http://www.vub.ac.be/CLEA/pub/books/worldviews.pdf. Accessed 19 September 2012.
Al-Hayani, F. A. (2005). Islam and science: contradiction or concordance, Zygon, 40, 565-576.

Atkins, P. (2011). On being: A scientist’s exploration of the great questions of existence. Oxford: Oxford University Press.

Barbour, I. G. (1990). Religion in an age of science: The Gifford Lectures 1989-1991, volume 1. London: SCM.

Barbour, I. G. (1997). Religion and science: Historical and contemporary issues. London: HarperCollins.
Bennett, T. (2004). Pasts beyond memory: Evolution, museums, colonialism. London: Routledge.

Berry, R. J. (1988). God and evolution. London: Hodder & Stoughton.

Bhaskar, R. (1978). A realist theory of science. Sussex: Harvester Press.

Black, P., Poole, M. & Grace, G. (2007). Science education and the Christian teacher. London: Institute of Education, University of London.
du Boulay, J. (2009). Cosmos, life, and liturgy in a Greek Orthodox village. Limni, Evia: Denise Harvey.
Brewer-Giorgio, G. (1988). Is Elvis alive? New York: Tudor Communications.
Brickhouse, N. W. & Letts IV, W. J. (1998). The problem of dogmatism in science education. In: Curriculum, religion, and public education: Conversations for an enlarging public square, Sears, J. T. & Carper, J. C. (Eds). New York: Teachers College, Columbia University, pp. 221-230.
Brierley, J., Linthicum J. & Petros, A. (in press). Should religious beliefs be allowed to stonewall a secular approach to withdrawing and withholding treatment in children? Journal of Medical Ethics.
Brooke, J. H. (1991). Science and religion: Some historical perspectives. Cambridge: Cambridge University Press.

Buss, D. M. (2003). The evolution of desire: Strategies of human mating, revised edn. New York: Basic Books.

Clancy, S. A. (2005). Abducted: How people come to believe they were kidnapped by aliens. Cambridge, MA: Harvard University Press.

Clayton, P. & Simpson, Z. (2006). The Oxford handbook of religion and science. Oxford: Oxford University Press.
Colburn, A. & Henriques, L. (2006). Clergy views on evolution, creationism, science, and religion. Journal of Research in Science Teaching, 43, 419-442.

Daston, L. & Galison, P. (2007). Objectivity. New York: Zone Books.

DCSF (2007). Guidance on creationism and intelligent design. http://webarchive.nationalarchives.gov.uk/20071204131026/http://www.teachernet.gov.uk/docbank/index.cfm?id=11890. Accessed 5 March 2012.

Dennett, D. C. (2006). Breaking the Spell: Religion as a natural phenomenon. London: Allen Lane.

Dixon, T. (2008). Science and religion: A very short introduction. Oxford: Oxford University Press.
Elvis is Alive (2012). Proof. Retrieved from www.elvis-is-alive.com/. Accessed 15 September 2012.
(The) Episcopal Church (1979). Book of Common Prayer. Oxford: Oxford University Press.

Farrell, J. (2005). The day without yesterday: Lemaître, Einstein, and the birth of modern cosmology. New York: Thunder’s Mouth Press.
Gauch, H. G. Jr. (2009). Science, worldviews, and education. Science & Education, 18, 667-695.
Gifford Lectures (2006). Overview: history of the Gifford Lectures, http://www.giffordlectures.org/overview.asp. Accessed 5 March 2012.

Glennan, S. (2009). Whose science and whose religion? Reflections on the relations between scientific and religious worldviews. Science & Education, 18, 797-812.

Gould, S. J. (1999). Rocks of ages: Science and religion in the fullness of life. New York: Ballantin.

Harrison, P. (2001). The Bible, Protestantism and the rise of natural science. Cambridge: Cambridge University Press.

Haught, J. F. (1995). Science and religion: From conflict to conversation. Mahway NJ: Paulist Press.
Hick, J. (1976/1985). Death and eternal life. Basingstoke: Macmillan.

Hinde, R. A. (1999). Why gods persist: A scientific approach to religion. London: Routledge.

Hinnells, J. R. (1991). A handbook of living religions. London: Penguin Books.

Hooykaas, R. (1972). Religion and the rise of modern science. Edinburgh: Scottish Academic Press.

Hunter, M. (2009). Boyle: Between God and science. New Haven CT: Yale University Press.

Ipsos MORI (2011). Religion and globaslisation. http://www.fgi-tbff.org/randp/casestudies/religion-globalisation. Accessed 15 September 2012.

Jones, A., McKim, A. & Reiss, M. (Eds) (2010). Ethics in the science and technology classroom: A new approach to teaching and learning. Rotterdam: Sense.

Kenny, A. (1992). What is faith? Essays in the philosophy of religion. Oxford: Oxford University Press.
Kingsley, C. (1859). Letter to Charles Darwin, 18 November. http://www.darwinproject.ac.uk/entry-2534. Accessed 5 March 2012.

Kuhn, T. S. (1970). The structure of scientific revolutions, 2nd edn. Chicago: University of Chicago Press.

Lakatos, I. (1978). The methodology of scientific research programmes. Cambridge: Cambridge University Press.

Langford, M. (1981). Providence. London: SCM.

Lawes, C. (2009). Faith and Darwin: Harmony, conflict, or confusion? London: Theos.
Lee, B. Y. & Newberg, A. B. (2005). Religion and health: a review and critical analysis, Zygon, 40, 443-468.

Long, D. E. (2011). Evolution and religion in American education: An ethnography. Dordrecht: Springer.

McGrath, A. (2005). Has science eliminated God? Richard Dawkins and the meaning of life. Science & Christian Belief, 17, 115-135.
MacIntosh, J. J. (2006). Boyle on atheism. Toronto: University of Toronto Press.
Mepham, B. (2008). Bioethics: An introduction for the biosciences, 2nd edn. Oxford: Oxford University Press.
Merton, R. K. (1973). The sociology of science: Theoretical and empirical investigations. Chicago: University of Chicago Press.

Meyer, S. C. (2009). Signature in the cell: DNA and the evidence for Intelligent Design. New York: HarperCollins.

Miller, J. D., Scott, E. C. & Okamoto, S. (2006). Public acceptance of evolution. Science, 313, 765-766.

Moore, R. (2007). The history of the creationism/evolution controversy and likely future developments. In: Teaching about scientific origins: Taking account of creationism, Jones, L. & Reiss, M. J. (Eds). New York: Peter Lang, pp. 11-29.
National Academy of Sciences and Institute of Medicine (2008). Science, evolution, and creationism. Washington, DC: National Academies Press.

Osborn, L. (2005). Theology and the new physics. In: God, humanity and the cosmos, 2nd edn revised and expanded as A companion to the science-religion debate, Southgate, C. (Ed.). London: T & T Clark, pp. 119-153.

Pannenberg, W. (2006). Problems between science and theology in the course of their modern history, Zygon, 41, 105-112.

Parfit, D. (2011). On what matters: Volume 1. Oxford: Oxford University Press.

Peacocke, A. (2001). Paths from science towards God: The end of all our exploring. Oxford: Oneworld.

Plantinga, A. (2010). Religion and science. In The Stanford Encyclopedia of Philosophy, Zalta, E. N. (Ed.), http://plato.stanford.edu/archives/sum2010/entries/religion-science/. Accessed 9 September 2012.

Polkinghorne, J. (1994). Science and Christian belief: Theological reflections of a bottom-up thinker. The Gifford Lectures for 1993-4. London: SPCK.
Polkinghorne, J. (2004). Science and the Trinity: The Christian encounter with reality. London: SPCK.
Polkinghorne, J. (2005). The continuing interaction of science and religion, Zygon, 40, 43-50.

Polkinghorne, J. (2006). Where is natural theology today? Science & Christian Belief, 18, 169-179.
Poole, M. (1998). Teaching about science and religion: Opportunities within Science in the National Curriculum. Abingdon: Culham College Institute.
Popper, K. R. (1934/1972). The logic of scientific discovery. London: Hutchinson.

Ray, J. (1691/2005). The wisdom of God manifested in the works of the creation. London: Ray Society.

Reiss, M. J. (1999). Teaching ethics in science. Studies in Science Education, 34, 115-140.

Reiss, M. J. (2000). On suffering and meaning: an evolutionary perspective. Modern Believing, 41(2), 39-46.

Reiss, M. J. (2008a). Should science educators deal with the science/religion issue? Studies in Science Education, 44, 157-186.

Reiss, M.J. (2008b). Teaching evolution in a creationist environment: an approach based on worldviews, not misconceptions. School Science Review, 90(331), 49-56.

Reiss, M. J. (2008c). The use of ethical frameworks by students following a new science course for 16-18 year-olds. Science & Education, 17, 889-902.

Reiss, M. J. (2011). How should creationism and intelligent design be dealt with in the classroom? Journal of Philosophy of Education, 45, 399-415.

Reiss, M. J. (2012). What should be the role of religion in science education and bioethics? In: Sacred Science? On science and its interrelations with religious worldviews, Øyen, S. A., Lund-Olsen, T. & Vaage, N. S. (Eds). Wageningen: Wageningen Academic Publishers, pp. 127-139.

Reiss, M. J. (in press a). Religion in science education. In: Science education for diversity: Theory and practice, Mansour, N. & Wegerif, R. (Eds), Dordrecht: Springer.
Reiss, M. J. (in press b). Beliefs and the value of evidence. In: Communication and engagement with science and technology: Issues and dilemmas, Gilbert, J. K. & Stocklmayer, S. M. (Eds), London: Routledge.

Reynolds, V. & Tanner, R. E. S. (1983). The Biology of Religion. London: Longman.

Robitaille, D. & Dirks, M. (1982). Models for mathematics curriculum. For the Learning of Mathematics, 2, 3-19.
Roszak, T. (1994). God and the final frontier. New Scientist, 28 March, 40-41.

Russell, C. A. (2000). Michael Faraday: Physics and faith. Oxford: Oxford University Press.

Salkovskis, P. M. (2002). Empirically grounded clinical interventions: cognitive-behavioural therapy progresses through a multi-dimensional approach to clinical science. Behavioural and Cognitive Psychotherapy, 30, 3-9.
Saunders, N. (2002). Divine action and modern science. Cambridge: Cambridge University Press.

Scott, E. (1999). The creation/evolution continuum. Reports of the National Center for Science Education, 19, 16-23.

Scott, M. (2007). Rethinking evolution in the museum: Envisioning African origins. London: Routledge.

Skehan, J. W. & Nelson, C. E. (2000). The creation controversy & the science classroom. Arlington VA: NSTA Press.
Smart, N. (1989). The world’s religions: Old traditions and modern transformations. Cambridge: Cambridge University Press.

Stenmark, M. (2004). How to relate science and religion: A multidimensional model. Grand Rapids, MI: Wm B Eerdmans.
Stolberg, T. & Teece, G. (2011). Teaching religion and science: Effective pedagogy and practical approaches for RE teachers. Abingdon: Routledge.
Szerszynski, B. (2005). Rethinking the secular: science, technology, and religion today. Zygon, 40, 813-822.

Vernon, M. (2008). After Atheism: Science, religion and the meaning of life. Basingstoke: Palgrave Macmillan.
Warnock, M. (2010). Dishonest to God. London: Continuum.

Watts, F. (Ed.) (1998). Science meets faith. London: SPCK.

Williams, P. A. (2001). Doing without Adam and Eve: Sociobiology and original sin. Minneapolis, MN: Fortress Press.

Winslow, M. W., Staver, J. R. & Scharmann, L. C. (2011). Evolution and personal religious belief: Christian university biology-related majors’ search for reconciliation. Journal of Research in Science Teaching, 48, 1026-1049.

Yearley, S. (2005). Making sense of science: Understanding the social study of science. London: SAGE.

Ziman, J. (2000). Real science: What it is and what it means. Cambridge: Cambridge University Press.

Author Biography
Michael Reiss is Pro-Director: Research and Development and Professor of Science Education at the Institute of Education, University of London, Chief Executive of Science Learning Centre London, Vice President and Honorary Fellow of the British Science Association, Honorary Visiting Professor at the Universities of Birmingham and York and the Royal Veterinary College, Honorary Fellow of the College of Teachers, Docent at the University of Helsinki, Director of the Salters-Nuffield Advanced Biology Project and an Academician of the Academy of Social Sciences. Books of his include: Reiss, M. J. & White, J. (2013) An Aims-based Curriculum, IOE Press; Jones, A., McKim, A. & Reiss, M. (Eds) (2010) Ethics in the Science and Technology Classroom: A New Approach to Teaching and Learning, Sense; Jones, L. & Reiss, M. J. (Eds) (2007). Teaching about Scientific Origins: Taking Account of Creationism, Peter Lang; Braund, M. & Reiss, M. J. (Eds) (2004) Learning Science Outside the Classroom, RoutledgeFalmer; Levinson, R. & Reiss, M. J. (Eds) (2003) Key Issues in Bioethics: A Guide for Teachers, RoutledgeFalmer; and Reiss, M. J. (2000) Understanding Science Lessons: Five Years of Science Teaching, Open University Press. For further information see www.reiss.tc.
