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[Kepler’s] Harmonia Mundi was for him a new kind of labour. Before, he had voyaged into the unknown, and the books he brought back were fragmentary and enigmatic charts apparently disconnected with each other. Now he understood that they were not maps of the islands of an Indies, but of different stretches of the shore of one great world. The Harmonia was their synthesis.

John Banville, Kepler, 179.
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Introduction

On Retrieving Natural Philosophy

This book explores a concept which once stood at the forefront of progressive thought, reaching back to ancient Greece and arguably reaching its zenith in the best-known scientific writing of Isaac Newton, Philosophiae Naturalis Principia Mathematica (‘The Mathematical Principles of Natural Philosophy’, 1687), published in Latin to ensure it was read throughout the European ‘Republic of Letters’.1 This is widely seen as a milestone in what some still call ‘The Scientific Revolution’,2 although this is better described as the gradual ‘emergence of a scientific culture’.3 This work established Newton’s reputation as the leading natural philosopher of his day, demonstrating both the fundamental unity of celestial and terrestrial mechanics, and the capacity of the human mind to discern and represent this unity.

Many would now think of Newton as a scientist, often overlooking the recent origins of this term;4 yet for Newton and his age, he was a natural philosopher, a leading representative of both a category of reflection and an understanding of philosophy which is both scientific, as we now understand this idea, and yet at the same time more than scientific.5 For its leading representatives, such as Kepler and Boyle, natural philosophy was a conceptual space, a disciplinary imaginary that brought together a way of ‘beholding’ or understanding the natural world, a method for exploring it, and an ethos or way of existing within it.6

Today, natural philosophy is seen as an historical anomaly, a way of envisaging and inhabiting our world which has faded into oblivion through the institutionalization of individual scientific disciplines.7 Ann Blair notes that historians of science often use this phrase ‘as an umbrella term to designate the study of nature before it could easily be identified with what we call “science” today’.8 Yet she also makes the important point that early modern natural philosophy is to be seen as an ‘actor’s category’, demanding that it be understood from the perspective of those who originally used this term.9 What, we must ask, did they understand by this term, and how does it relate to what is today described as ‘natural science’?

Simply stated, this book is concerned with exploring this lost conceptual space of ‘natural philosophy’,10 leading into reflection on the wider contemporary significance of this disciplinary imaginary and the possibility of its partial retrieval. The origins of this book lie in a series of eighteen public lectures I gave in the City of London during the years 2015–18, while I served as Professor of Divinity at Gresham College, London, a position established in 1597. Since Gresham College played a significant role in the emergence of English natural philosophy in the seventeenth century, it seemed appropriate to explore a range of issues relating to theology and the philosophy of science which were integral to this imaginatively and intellectually spacious vision of the natural world. This book represents a substantial reworking and conceptual expansion of those lectures, allowing me to explore the history of natural philosophy, reflect on how it might be reframed in our own time, and consider the benefits it offers.

So why might this conceptual space, which brings together learning about nature and learning from nature, retain imaginative appeal and reflective coherence today? What difficulties does it face? Is such a retrieval of this disciplinary imaginary, no matter how critical, a futile exercise in metaphysical manipulation, or might it offer an empirical lens that transmutes our understanding of the world and ourselves? Like Charles Taylor’s ‘exercises in historical retrieval’,11 this work will use historical analysis as a means of understanding the intellectual and social role of natural philosophy in the past, with a view to exploring whether its intellectual vision might enrich present discussions of human interaction and engagement with the natural world.

Inevitably, this historical conversation will be incomplete, in that there is simply not enough space to do justice to all the historical, gendered, and geographical voices, episodes, and concerns that might be expected to find their way into a full account of the history of natural philosophy.12 What I offer is more limited—a critical reading of this narrative, which attempts to identify core themes and fundamental approaches that might find their way into a retrieved version of this way of engaging the natural world, laying the foundation for a recovery of such an approach in the present.

Natural Philosophy: A Lost Conceptual Space

Natural philosophy emerged as a significant intellectual domain in western Europe in the late modern period, before the fragmentation of disciplines led to the emergence of distinct communities of discourse, each with its own vocabularies and methods of investigation.13 It was seen to designate a coherent intellectual and cultural domain, which wove together what would now be considered to be quite distinct disciplines—such as the natural sciences, mathematics, music, philosophy, theology, and the cultivation of personal and social virtues. It was a way of life, not merely an intellectual endeavour. Though natural philosophy would now be thought of as an ‘interdisciplinary’ field, this anachronistic judgement would make little sense in the early modern period, which had yet to develop the disciplinary structures that are now regarded as normative in academic life.14

The development of specific intellectual disciplines, which arguably dates from the nineteenth century, has brought significant benefits—most notably, a focused set of research tasks, a manageable professional literature, the creation of specific communities of discourse, and the articulation of clear research methods, and intellectual norms. Yet this narrowing of intellectual focus inevitably means the fragmentation of what was formerly seen as a coherent intellectual territory into a group of regions, each with its own emerging professional languages, research methods, and epistemic norms, with no sense of being part of a greater whole.15 Where earlier writers had affirmed the importance of the fundamental unity of nature, while acknowledging its ‘great, and finely ordered, multiplicity’,16 disciplinary and professional specialization in the modern period has led to focus shifting towards each of the multiple aspects of nature, with a consequent loss of focus on its unity. It is helpful to distinguish between different fields or domains of human knowledge; this does not, however, entail their isolation, or prevent dialogue between them.

Leading natural philosophers of the early modern period wove together insights deriving from multiple sources to create their own distinct individual visions of this conceptual space, while seeing each of these as part of a greater whole which could be apprehended, if only in part. It was in pursuing this vision that the philosopher could achieve intellectual satisfaction, personal happiness, and learn to cultivate virtue.17 So can this lost vision be retrieved and recast in terms of contemporary disciplinary structures, given the radical changes in terms of how we think about the natural world and the manners of its investigation in the intervening centuries? Where some interdisciplinary projects aim to ‘fill any unoccupied [intellectual] spaces’,18 my proposal is to retrieve or recreate a larger conceptual and imaginative space, enabling deeper and richer conversations about the natural world.

In undertaking this task, I have not used the ‘building blocks approach’ that some scholars recommend for dealing with complex cultural phenomena or conceptual spaces, such as religion.19 Rather than trying to identify the individual components of a ‘natural philosophy’, and attempting to reassemble these, I intend to consider natural philosophy as an historical actuality, trying to understand how this was understood and enacted, and the benefits this was understood to bring. Yet before developing this point, a serious objection to this enterprise needs to be considered.

Retrieval: An Objection Considered

The objection is this: why bother resurrecting an obsolete form of thought, in the light of an inexorable scientific progress which discredits and renders unnecessary any engagement with the past?20 Natural philosophy, it might be objected, has now been displaced as an outmoded form of discourse on the natural world by the natural sciences. Attempting its retrieval amounts to a pointless exercise in intellectual nostalgia, an unrealistic and possibly illegitimate attempt to recapture a vision of reality which was specific to its age, and has now, like the notions of ‘caloric’ and ‘phlogiston’, been discredited. I concede immediately that the modern natural sciences have refined and developed certain aspects of natural philosophy—such as the close observation of nature (present from ancient times) and the use of the experimental method (which became of increasing importance in early modern natural philosophy).21 Yet it has also marginalized and suppressed certain concerns that were integral to early modern natural philosophy—such as behaving properly towards and within the natural order, and cultivating habits of attentiveness towards its beauty.

As has often been pointed out, the concept of ‘science’ has changed over time, and is too often defined polemically in response to perceived threats rather than constructively in terms of its specific working methods.22 Philosophy, science, and religion—to mention three significant areas of cultural and intellectual engagement—have clearly undergone change over time,23 making it problematic to essentialize any of them. Yet some studies of scientific advance are essentially ahistorical, offering little more than a selective account of the history of science which fails to take its historical location seriously. A good example lies in modern misreadings of German Naturphilosophie, which is regularly dismissed as a biological embarrassment.24 Happily, more recent scholarship has shown how Schelling’s articulation of Naturphilosophie set out a broad scientific research agenda which had a significant impact on early nineteenth-century German chemistry, physics, and physiology.25

Yet perhaps the best example of this flawed approach is found in Steven Weinberg’s anachronistic ‘Whiggish’ account of the history of science, which presents premodern attempts to do science as a series of fumblings and blunders, eventually remedied by the genius of Newton.26 Weinberg’s method is to judge both philosophers and natural philosophers of the past by the standards of modern physics, as if the term ‘science’ had a permanent, essential meaning throughout history. This account of the history of science is that of a modern scientist,27 someone who has succumbed to the definitional hegemony of the present, believing that it is obvious what science ought to be, and has no hesitation in judging the past somewhat severely for failing to anticipate the present.28

For Weinberg, science is primarily about a quest for order within nature, and has little, if anything, to say to those wishing to think about goodness, justice, or love. Science, Weinberg remarks, has had to ‘outgrow’ such pursuits and beliefs.29 Yet this represents a professional narrowing of focus, which now requires reflective scientists to look beyond their own disciplines for their ideas about goodness, justice, and beauty. Weinberg’s critical remarks raise an important question: is there a more capacious way of thinking which can enfold the natural sciences, while at the same time encouraging (and perhaps enabling?) scientists to develop a wider vision of reality than those resulting from the natural sciences on their own? Why should the empirical study of nature be separated from reflection about beauty, love, justice, or goodness? Early modern natural philosophy regarded these and other questions as integral to a proper human engagement with the natural world. Surely these concerns need to be acknowledged and engaged, especially in an age which is increasingly aware of the human capacity to degrade and destabilize the natural order?

Certainly, there have been gains in our understanding of many aspects of our world. But might we have lost something important along the way? Reading Weinberg’s account of relentless scientific progress calls to mind Charles Taylor’s remark about our fallible attempts to make sense of our world: we begin to realize that, despite progress in some areas, we have a sense that ‘we are missing something, cut off from something, that we are living behind a screen.’30 Roger Scruton pointed out that the realization that ‘good things are more easily destroyed than created’31 leads many to both want to hold on to wisdom that seems to be endangered, and to try to retrieve what should never have been allowed to be forgotten or suppressed in the first place.

Nicholas Maxwell has made a powerful plea for the reconnection of science and philosophy through a revitalized ‘natural philosophy’, rightly pointing out their close mutual relationship in the early modern period, and the intellectual benefits that would result from a recalibration of their working relationship.32 In particular, Maxwell highlights the need to solve two problems, now seen as distinct and divergent, yet which were once seen as interconnected aspects of a ‘natural philosophy’—namely, learning about the universe on the one hand, and how to create a good and wise world on the other.33 While I here develop an approach and an agenda that diverge from that set out by Maxwell, we share a common concern to address some mistakes that have led to an impoverishment of our engagement with the natural world, which we both believe can be done through the retrieval of a ‘natural philosophy’.

Against those who now locate an exclusive right to discursive justification across all domains of knowledge in the methods of the natural sciences, I propose a counter-narrative: that exploring early modern approaches to natural philosophy can help in the ongoing process of extending the vision and scope of the philosophical enterprise, and making plausible and productive reconnections across the disciplinary boundaries that subsequently emerged. To explore this point further, we need to consider the nature of progress in philosophy.

Philosophical Progress and the Retrieval of the Past

There is growing interest within the discipline of philosophy in the merits of studying its history, both as an intrinsically interesting academic exercise, but also as a means of stimulating and resourcing philosophical reflection in the present.34 The study of past philosophical enterprises is to be seen as attempting to understand how philosophy was understood and conducted under a specific set of historical conditions, in part to stimulate modern forms of the enterprise. As Karl Marx pointed out, ‘people make their own history, but they do not make it as they please under circumstances of their own choosing, but under circumstances that already exist, given and handed down to them.’35 Marx’s point is that, whether we like it or not, we do philosophy within a ‘given’ limiting historical context, precisely because we are culturally and historically embedded. Our historicity limits our options, while at the same time stimulating and informing our reflections.

Ian Hunter thus remarks that past philosophies, considered as objects of intellectual history, are not ‘serial historical expressions of a universal human desire for knowledge and understanding, but regimes for inducing such a desire in those whom circumstance or chance have selected to cultivate a philosophical persona’.36 Similarly, Stephen Gaukroger has offered an historical narrative of the development of philosophy which documents changes in the way in which philosophy has been understood over time, without using the value-laden terminology of ‘progress’ to describe such changes in its ‘culturally specific modes of engaging with the world’.37 Even analytic philosophy itself has undergone a ‘historical turn’, with some of its leading exponents moving away from its traditional ahistoricism towards an acknowledgement of the importance of the study of its own history.38

The growing recognition of the historical and cultural situatedness of the philosophical persona has been helpful in a number of ways.39 It has heightened awareness of seemingly ‘obvious’ ideas having been shaped, to some extent, by historical and cultural factors. It has also led to a growing appreciation that the ideas of past philosophers should be reconstructed ‘on their own terms’ (that is to say, considering the importance of the historical context within which these ideas developed, if they are to be properly understood).40

In reflecting on where philosophy might go in the future, it is clearly helpful to grasp its different self-understandings over time, not least in that this undermines the view that there is some ‘correct’ definition or ‘authentic’ task for philosophy. This point appears to be recognized by Mary Midgley, whose final book proposed that our philosophies are best seen as interim responses to a particular historically situated concern.

Philosophizing, in fact, is not a matter of solving one fixed set of puzzles. Instead, it involves finding the many particular ways of thinking that will be the most helpful as we try to explore this constantly changing world. Because the world – including human life – does constantly change, philosophical thoughts are never final. Their aim is always to help us through the present difficulty.41

Midgley’s approach suggests that the historical study of how philosophy has engaged its ‘present difficulties’ in the past might help resource those same discussions in the present.42

In a recent analysis, Maria Rosa Antognazza has pointed to another philosophical motivation for studying the history of philosophy—the capacity of the past to challenge present-day orthodoxies, pointing to alternative approaches which might result from the creative appropriation of the wisdom of the past. Studying the history of philosophy thus

keeps us alert to the fact that latest is not always best, and that a genuinely new perspective often means embracing and developing an old insight. The upshot is that the study of the history of philosophy has an innovative and subversive potential, and that philosophy has a great deal to gain from a long, broad, and deep conversation with its history.43

At first sight, this might appear to represent a demand for regression, rather than progress, in philosophy. Surely this amounts to a nostalgic immersion in the past, which could easily become a distraction from the challenges and needs of the present? Yet Antognazza’s suggestions can easily be accommodated within recent discussions of the complex and contested theme of ‘progress in philosophy’. Philosophy can be said to ‘progress’ in a number of manners. Some would point to the emergence of new research traditions within philosophy—such as empirical philosophy (drawing on empirical science), or linguistic philosophy (drawing on the analysis of language)—as representing progress. Others, however, would point to the increasing conceptual refinement and precision of more recent discussions of classic themes, including the ‘big questions’ of ‘How do we know about the external world? What are the fundamental principles of morality? Is there a god?’44

Yet despite this increasing precision in some areas, there remains an unease at the apparent lack of progress within philosophy, particularly the striking lack of convergence in philosophy when compared with the hard sciences, such as physics. One problem often cited in explaining the ‘appearance of persistent and intractable disagreement’ among philosophers is the difficulty in finding undeniable premises for philosophical arguments.45

Philosophical progress may involve the interrogation of widely accepted assumptions or narratives used to frame discussions of leading philosophical themes—such as the relation of ‘knowledge’ and ‘belief’. Until about 2000, the standard account of this development was framed in terms of the notion of ‘knowledge as justified true belief’ having dominated western reflection from Plato to Locke.46 Given this contextualization of the discussion, Edmund Gettier’s short paper of 1963 raised fundamental concerns for this tradition, which he assumed went back to Plato, in arguing that justified true belief was not sufficient for knowledge.47 The scholarly consensus of that period initially endorsed Gettier’s reading of the tradition,48 leading some to suggest that the western tradition of knowledge had been thrown into crisis.49 Others, however, subsequently offered a re-reading of Plato which raised questions about traditional accounts of Plato’s views on the relation of knowledge and belief,50 and hence of Plato’s position within the overall narrative arc of discussion. Gettier’s intervention could therefore be seen as having facilitated ‘progress’ by catalysing a re-evaluation of a traditional account, leading to a more reliable statement of its core themes.

The form of philosophical advance set out in the present work involves a critical and creative retrieval of older ways of thinking, which are correlated with contemporary concerns. As Antognazza points out, the history of philosophy has an ‘innovative and subversive potential’, in that it offers alternative approaches to ‘problems of enduring philosophical relevance’.51 Revisiting the past is an important way of injecting a new critical energy into contemporary discussions. A good example of such a critical retrieval of older ways of conceiving and enacting philosophy, and bringing them to bear on today’s questions, can be seen what Edward Feser has called the ‘Aristotelian revival’.52 Aristotle’s theory of practical reason has been taken up by philosophers such as David Wiggins, John McDowell, and Martha Nussbaum, as well as ethicists such as Alasdair MacIntyre, in that it is seen as making more sense of pervasive features of our ethical lives than some more recent alternatives.53 There are also clear signs of interest in Aristotle’s natural philosophy: for example, many contemporary philosophers continue to find Aristotle’s hylomorphism fruitful for contemporary philosophical discussions (such as the mind–body problem).54

The Method to be Adopted

The present study was originally conceived as a celebration of the four hundredth anniversary of the publication of Johann Kepler’s Harmonices Mundi (‘The Harmonies of the World’, 1619), perhaps one of the most important works of early modern natural philosophy, which embodies many of the core themes of this approach. What I propose is a critical conversation with representative past examples of natural philosophy, such as Kepler’s, attempting to identify their core concerns, the methods they adopted, the manner in which their agendas were shaped by their historical and cultural specificity, and what might be appropriately and profitably reclaimed. This work has been made much easier through the surge of scholarly engagement with the concept of natural philosophy in the last two decades, engaged extensively in this study, which has clarified and corrected earlier studies of the distinct nature and focus of such movements.

The first major section of this work thus takes the form of a selective critical conversation with the tradition, which can be traced back to Aristotle. It represents a reading of the tradition which aims for scholarly accuracy on the one hand, and contemporary application on the other. After opening reflections on the tradition in Aristotle and the Middle Ages, the narrative turns to focus on a group of writers—above all, Kepler, Bacon, Boyle, and Newton—who spearheaded the conceptual development of natural philosophy during the height of its influence in the seventeenth and early eighteenth centuries, leading into reflection on its declining influence, and displacement by alternative approaches. The object here is not so much to establish the fine details of the historical trajectory of the movement, or enter into complex arguments about points of interpretation. While this has been the subject of considerable scholarly interest in recent years, my concern lies elsewhere. It is rather to ask what may be learned from our current understanding of this narrative, and how it can inform the quite different historical and cultural location of today’s discussions.

This leads into the second part of the work, which offers a critical and original assessment of what a contemporary reconstructed natural philosophy might look like, and how it might engage a number of contemporary philosophical concerns and agendas, particularly the need for a recalibration of the relationship of philosophy with the natural sciences. Where the first part is largely analytical, the second is more constructive. It offers a nuanced and historicized reflection on how the intellectual virtues of earlier forms of natural philosophy might be recaptured, if only in part, not by some crude historical transplantation of the notion, but rather through ensuring at least some of those virtues can be recovered and integrated. It is quite possible that older understandings of natural philosophy may prove to lie beyond retrieval; yet perhaps we might be able instead to retrieve something of the persona of a natural philosopher.55 The key difficulty we shall consider in this section is how a correlation of insights about the world that the early modern period took to be natural and intuitive can find a fresh rationale and application in the twenty-first century.

We therefore begin our critical conversation with the past by turning to consider the emergence of a ‘natural philosophy’ in the works of Aristotle.


1 For Newton’s European following and impact, see Boran and Feingold, eds., Reading Newton in Early Modern Europe.

2 Although this phrase was widely and approvingly used by intellectual historians in the late twentieth century, it is now widely accepted that we cannot speak of the seventeenth century as having developed or adopted a unitary set of approaches to the natural world directly analogous to what twenty-first century scholars would recognize as ‘natural science’. For the problems with the older position, see Osler, ‘The Canonical Imperative’; Harrison, ‘Was there a Scientific Revolution?’

3 For the reasons for this, see Gaukroger, The Emergence of a Scientific Culture, 1–8. For further reflections on the inadequacies of thinking in terms of a single ‘scientific revolution’, see Cohen, How Modern Science Came into the World, xv–xxxiii.

4 The term ‘scientist’ began to be used in the 1830s, and achieved wide acceptance during the later nineteenth century: Ross, ‘Scientist: The Story of a Word’.

5 Note Justin Smith’s lament for the loss of intimacy between science and philosophy, which he associates with early modern natural philosophy: Smith, The Philosopher, 25: ‘One of the most significant developments in philosophy since the eighteenth century…is that it has gradually lost its institutional connection with science, and so also its self-understanding as not just being interested in science or “pro-science,” but as including science.’

6 As we shall see, these took the form of personal syntheses of ‘conceptual spaces’, weaving together differing empirical and experimental methodologies, epistemological and metaphysical assumptions, and theological assumptions about the relation of God and the natural order.

7 Lüthy, ‘What to Do with Seventeenth-Century Natural Philosophy?’, 166–7.

8 Blair, ‘Natural Philosophy’, 365.

9 Collins, ‘Actors’ and Analysts’ Categories in the Social Analysis of Science’.

10 I have used the term ‘conceptual space’, as it enfolds many of the issues I hope to address in this work. Other terms are used in the literature to refer to what today constitute cross-disciplinary undertakings, such as ‘interdisciplines’ (Graff, Undisciplining Knowledge, 11–15) and ‘interdisciplinarities’ (Klein, Crossing Boundaries).

11 I borrow this phrase from Dyck, ‘Sovereign Selves’, 138.

12 The most comprehensive survey to date is that of Stephen Gaukroger, whose four-volume history of the notion from 1210–1935 takes up some 2,000 pages. This account is supplemented by his detailed account of important episodes and figures in this history, such as Bacon and Descartes, and his recent reflection on the problems facing philosophy as a discipline. See Gaukroger, The Emergence of a Scientific Culture; Gaukroger, The Collapse of Mechanism and the Rise of Sensibility; Gaukroger, The Natural and the Human; Gaukroger, Civilization and the Culture of Science. On Descartes and Bacon, see Gaukroger, Descartes’ System of Natural Philosophy; Gaukroger, Francis Bacon and the Transformation of Early-Modern Philosophy. On the relevance of the history of natural philosophy, see Gaukroger, The Failures of Philosophy.

13 For a good account of this development, see Becher and Trowler, Academic Tribes and Territories, 14–19, 41–50.

14 Hösle, ‘How Did the Western Culture Subdivide Its Various Forms of Knowledge and Justify Them?’; Krohn, ‘Interdisciplinary Cases and Disciplinary Knowledge’; McGrath, Territories of Human Reason, 19–89.

15 For the issues that this raises, see Graff, Undisciplining Knowledge. Jacobs’s critical assessment of ‘disciplinary silos’ is particularly relevant here: Jacobs, In Defense of Disciplines, 13–26.

16 Lewis, The Discarded Image, 11. Although Lewis here describes what he observed in medieval writings, this concern for a theoretical unity underlying an empirical multiplicity can be seen in early modern natural philosophy.

17 Compare this with the early Wittgenstein: ‘In order to live happily I must be in agreement with the world. And that is what “being happy” means.’ Wittgenstein, Notebooks, 1914–1916, 75.

18 Frank, ‘Interdisciplinarity’, 141.

19 See, for example, Taves, Religious Experience Reconsidered, 161–5. A similar strategy lies behind the ‘fractionation’ of complex phenomena into their components: Whitehouse, ‘Cognitive Evolution and Religion’.

20 Some would see this as belonging to what Todd Moody termed a ‘necrology’ of failed arguments and positions: Moody, ‘Progress in Philosophy’, 45.

21 Gaukroger, The Collapse of Mechanism and the Rise of Sensibility, 150–225.

22 Pigliucci, ‘The Demarcation Problem’. For the factors leading to emergence of such a ‘rhetoric of demarcation’, see Taylor, Defining Science, 101–74.

23 There is a large literature exploring (and explaining) the historical fluidity of the terms ‘science’, ‘philosophy’, and ‘religion’. Useful entry points are Brown, ‘On Why Philosophers Redefine Their Subject’; Harrison, ‘The Pragmatics of Defining Religion in a Multi-Cultural World’; Harrison, The Territories of Science and Religion; Gaukroger, The Failures of Philosophy.

24 For example, see Mayr, The Growth of Biological Thought, 132.

25 On the science, see especially Zammito, The Gestation of German Biology; Gambarotto, Vital Forces, Teleology and Organization. On Schelling’s Naturphilosophie, see Whistler, Schelling’s Theory of Symbolic Language.

26 Weinberg, To Explain the World, 215–54. For a critical assessment of Weinberg’s reductionist agenda, see Wójcicki, ‘Physics, Theoretical Knowledge and Weinberg’s Grand Reductionism’.

27 Weinberg notes that his assessment of certain issues and discussions reflect ‘the perspective of a contemporary working scientist’: Weinberg, To Explain the World, 146.

28 Happily, there are some occasions when Weinberg makes some fair points—for example, his criticism of Aristotle’s ‘elaborate reasoning based on assumed first principles’ which turn out to be based on ‘only the most casual observation of nature, with no effort to test them’ (Weinberg, To Explain the World, 27).

29 Weinberg, To Explain the World, 45.

30 Taylor, A Secular Age, 302.

31 Scruton, Conservatism, 127.

32 Maxwell, In Praise of Natural Philosophy, 115–217.

33 Maxwell, In Praise of Natural Philosophy, 218.
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Part I

A Critical Conversation with the Tradition





1

The Origins of Natural Philosophy

Aristotle

Forms of thinking that deserve to be called ‘philosophical’ can be found in ancient Chinese and Indian traditions,1 and include reflection on the natural world, and its significance for human beings.2 The discipline now known as ‘philosophy’, however, is generally agreed to have emerged in Greece during the fourth century bce, with the appearance of new forms of culturally located reasoning with the potential to transcend those specific historical contexts and constraints. While some locate the emergence of Greek philosophy in terms of the triumph of logos over muthos, others protest at the historical and intellectual simplifications attending this suggestion.3 Plato, for example, was certainly critical of older myths, but was perfectly capable of developing his own to advance his philosophical agendas.4

Others point to the importance of transcending local cultural and communal norms, moving away from solidarity towards objectivity through the recognition of something beyond a local frame of reference as the basis for truth. As Richard Rorty summarized Plato’s approach, ‘the way to transcend skepticism is to envisage a common goal of humanity – a goal set by human nature rather than by Greek culture.’5 To reason peri phuseōs (‘according to nature’) was to render oneself intellectually accountable to something beyond the local community and its norms.6

Our story begins with Aristotle’s scientific observations on the Aegean island of Lesbos, where he acquired an extraordinary knowledge of fishes and their behaviour around the Gulf of Kalloni, which was documented and analysed in his Historia Animalium.7 Aristotle argued that the complex observed patterns of the migratory movements of living creatures could be explained on the basis of a few general principles: the food supply, temperature changes, and issues related to breeding.8

Aristotle’s natural philosophy rests on the assumed capacity of the human mind to discern an existing, rather than imposed, order within the natural world, and the ability of human culture to offer analogies by which this may be explained and understood.9 This process of exploration was catalysed by a sense of wonder, which expands our intellectual and imaginative horizons.

It is through wonder that people now begin and originally began to philosophize; wondering in the first place at obvious perplexities, and then by gradual progression raised questions about greater questions, such as the phenomena of the moon and of the sun, about the stars and about the origin of the universe.10

Aristotle’s fascination with nature created a ‘drive to capture and recapture rhetorically that feeling of wonder (thaumazein) that is the origin and promise of all inquiry’.11

Aristotle was not the first thinker to advocate or undertake an investigation of the natural world. At the time, there already existed an established tradition of inquiry into nature, which is clearly delineated in by Plato in the Timaeus,12 even if it is imperfectly and incompletely developed (for example, Plato seems surprisingly uninterested in the non-human biological world). Aristotle’s agenda is broader, aiming to identify what is seen in the natural order, and how this may be accounted for. Aristotle does not use the term phusis to correspond to ‘nature’, as this term is now widely used, but to rather to designate the ‘nature [of things]’. The term kosmos began to be used from the sixth century to mean something like a ‘unified world order’,13 loosely corresponding to what is today designated ‘nature’.

Theōria: The Nature of and Benefits of Explanation

As Aristotle conceives it, natural philosophy is an autonomous and self-contained discipline. In the Meteorology, natural philosophy is understood as a systematic inquiry into the different elements of the natural world, in order to discover the connections between its different parts, thus leading to an understanding of nature, which transcends a mere knowledge of nature.14 This idea is often linked with the notion of theōria—a mental beholding of the natural order. As this notion is important for the retrieval of natural philosophy, we shall consider it in some detail.

There is a growing recognition that a ‘novel and subversive claim’ can be seen as lying at the heart of the intellectual enterprises of both Plato and Aristotle: the belief that the ‘supreme form of wisdom is theōria, the rational “vision” of metaphysical truths’.15 The emergence of theōria as a means of articulating the task of philosophy and the status of its outcomes is an important staging-post in the narrative of the emergence of natural philosophy. It is important to note that this classical understanding of theōria was somewhat more sophisticated than some modern interpreters suggest—think, for example, of Martin Heidegger’s reduction of this notion to metaphysical optics.16 We begin by noting its cultural location, and then move on to consider its role in Plato, before turning to its implementation in Aristotle’s project of ‘theorizing’ the natural world.

While it is clearly problematic to define, or even describe, the nature of fourth-century Greek philosophy in terms of a transition from muthos to logos, there are good reasons for suggesting that a core task for the new cultural phenomenon of ‘philosophy’ was to defend the status of its claims to knowledge in the face of its rivals originating from religious or cultically privileged sources. The use of the term theōria had cultural overtones at this time, being linked with facilitating connections between individual Greek city-states and the broader Hellenic world through networks linking individuals and cults in different locations. A city—such as Athens—would participate in other Greek festivals and sanctuaries by sending delegates to witness the events in question.17 The idea of theōria as a ‘sacred beholding’ was particularly important in sustaining a shared religious practice across the Greek world—for example, in relation to the pronouncements of oracles.18

In the fourth century, Plato used the term theōria to characterize the role of the philosopher, speaking of a ‘mind habituated to thoughts of grandeur and the contemplation (theōria) of all time and all existence’.19 The bios theōretikos of a philosopher was not based on religious rituals or privileged oracles, but on the wise use of reason to discern and contemplate a grander vision of the world. The transfer of this notion of ‘contemplation’ from the religious or cultic domain to that of philosophy can be seen as intimating its oracular or revelatory status—and hence had a right to be considered as a public philosophy, not simply as a private persuasion or pursuit.20 ‘Plato identifies the philosopher as a new kind of theōros, an intellectual ambassador who makes a journey to a divine realm to see the spectacle of truth and then brings a report of his findings back home.’21

This view of the philosopher is set out in the allegory of the Cave, perhaps the best-known passage of Plato’s Republic, where the theme of a beholding of a grander reality that needs to be declared and enacted plays a critical role.22 For our purposes, the central narrative of the allegory is a group of people, entrapped within a dark cave, knowing only a world of shadows cast on its walls, who are unaware of a grander world beyond the cave. The philosopher is someone who has escaped from this intellectual bondage, and has seen the sunlit world beyond the cave—and thus, like a theōros, has a responsibility to bear witness to that world to those remaining within the cave, despite being overwhelmed by the enormity of this acquired vision of reality, and its obvious dissonance with the known and familiar world of the cave. For Plato, the philosopher is not primarily someone who has acquired a body of insight through teaching; rather, the philosopher has caught a vision of reality, or experienced a transformative beholding of the world.

Yet Plato has surprisingly little interest in the specifics of this world beyond the cave. The philosopher beholds this world, noting its ‘plants and animals and the light of the Sun’;23 yet Plato’s concern does not lie in reflecting on the natural world, but rather grasping and inhabiting the grander theōria that the escape from the cave makes possible. This becomes particularly clear in a brief discussion about looking at the stars. Glaucon believes this involves looking upwards; Socrates retorts that it means looking downwards, arguing that we should ‘behold (theōrein) with the mind, not with the eyes’.24 While Plato’s account of theōria deserves further elaboration,25 for our purposes there are two points that merit close attention. First, philosophy entails a new way of beholding reality, including the world of nature; and second, Plato does not appear to see this theōria as entailing or even encouraging a closer engagement with the world of nature. Aristotle concurs on the importance of theōria, but is willing to engage the natural world from its perspective, and to recognize the role of nature in developing theoretical perspectives. The process of engaging with the natural world, which is integral to Aristotle’s natural philosophy, particularly in dealing with questions such as the observation of change (kinēsis) or apparent goal-directed behaviour within nature, involves abstraction from the realm of nature to a realm of essences, which are clearly understood to be part of the natural world rather than belonging to some separate domain.

But what is the point of gaining such an understanding? What intellectual, moral, or practical benefits does it bring? How does it contribute to the pursuit of happiness or wellbeing (eudaimonia), which Aristotle commends as a human ideal? This is an important question, given the persistent anxiety within Aristotle scholarship that the pursuit of such theoretical knowledge might turn out to be pointless, or at least to be incompatible with Aristotle’s statements concerning a good life.26 Unlike some later theoreticians, Aristotle does not hold that theōria holds the key to mastering the natural world, allowing it to be transformed for the benefit of human beings. Contemplation may indeed be the ultimate goal of human rational action and reflection; yet it does not appear to serve any useful or productive purpose.27

This problem can be addressed in several ways. Perhaps the most satisfying would be to demonstrate that a closer reading of Aristotle’s works shows that theōria has a role that has hitherto been overlooked. Matthew Walker, for example, develops an interesting argument to this effect, picking up on Aristotle’s maxim that ‘nature does nothing in vain’. If this is indeed the case, then there must be some reason for, and benefit from, the human desire to understand our world.28

An alternative approach is to locate theōria within a wider interpretative framework, arguing that the reflective beholding of the natural world serves a deeper telos that lies beyond the scope of Aristotle’s system. Perhaps the most significant development of this approach lies in early Christian theology, which held that the ‘beholding’ of the natural world was religiously significant, in that it was an indirect beholding of God, thus facilitating both an understanding of reality and appropriate forms of worship.29 Any perceived inadequacy in Aristotle’s approach was thus remedied by a Christian expansion of his understanding of the theoretical beholding of nature to embrace a theoretical beholding of God’s work of creation, which exhibited the wisdom and order of its creator.30 This, of course, raises the important question of the interface between a natural philosophy and a natural theology, to which we shall return at several points in this work.31

Observational Respectfulness and Natural Philosophy

One of the most interesting aspects of Aristotle’s natural philosophy is his attentiveness to observing natural entities—such as plants, animals, and stars. Perhaps the best-known statement of this observational respectfulness is found in the opening lines of Book VII of his Ethics:32

We must, as in all other cases, set the observed facts (phainomena) before us and, after first discussing the difficulties (diaporēsantas), go on to prove, if possible, the truth of all the common opinions about these affections of the mind, or, failing this, of the greater number and the most authoritative; for if we both refute the objections and leave the common opinions (endoxa) undisturbed, we shall have proved the case sufficiently.

The Greek phrase sōzein ta phainomena, best translated as ‘saving the appearances (or phenomena)’, is often used to designate this respect for observation, and is variously and vaguely attributed to both Plato and Aristotle.33 In fact, the Greek phrase sōzein ta phainomena, popularized by Pierre Duhem in the first decade of the twentieth century, is more characteristic of later commentators rather than of Aristotle himself. It is difficult to translate the phrase into English, in that the Greek term phainomena resists easy renderings, such as ‘appearances’, ‘observations’, or ‘observed facts’.34 This phrase now tends to be associated with an instrumentalist understanding of scientific theory, which holds that a theory capable of accommodating existing observations is not necessarily true, in the sense of somehow ‘corresponding’ to reality.35

While this principle of respecting phenomena is not explicitly stated in Aristotle’s writings using this phrase, the idea itself is clearly present. Both science and scientific explanation—as Aristotle understands these—are to be construed realistically, in that science must mirror reality, and therefore theory always must cohere with observation and empirical investigation.36 It is, however, innocent of the instrumentalist associations that later came to be associated with the phrase, even if it can be argued to be consistent with them. Aristotle is concerned with the identification of the archē or archai—the ‘first principles’ that lie behind what is observed in natural phenomena and living beings. He clearly considers these to have a real existence independent of these phenomena, which underlies their explanatory capacity in relation to those phenomena.37 Aristotle’s persistent emphasis on the importance of observation of nature may occasionally lead him to some false conclusions (such as the highly influential theory of spontaneous generation);38 nevertheless, his empirical instincts must be acknowledged.

Yet Aristotle is not entirely consistent here. As Eckard Kessler points out, there is an apparent (and important) methodological pluralism within Aristotle’s writings on natural philosophy concerning the identity of natural entities: a largely non-empirical metaphysical approach (found in the Physics), and the more empirical approach found in On Generation and Corruption and the Meteorology.39 This led to the emergence of tensions in the later Renaissance between metaphysical and empirical approaches to natural knowledge. The emergence of a ‘strong naturalistic tendency as early as the beginning of the sixteenth century’ does not need to be seen as a rejection of Aristotle, but can rather be seen as a methodological refocusing within the Aristotelian corpus.40

In the end, the empirical method won out, mainly because it proved capable of dealing with questions that simply could not be resolved by an appeal to first principles. Ptolemy’s geocentric view of the solar system, though arguably based on the best observational evidence of his age,41 had to give way to the heliocentric systems of Kepler and Galileo, because of the observational evidence that could not adequately be accommodated by the older theory.42 Yet the empirical method would undergo significant development in the early modern period, partly through the rise of the experimental method, and partly through the use of instruments such as microscopes and telescopes, which extended the capacity for both observation and measurement, and in doing so, undermined some of the more questionable aspects of Aristotle’s natural philosophy.

Aristotle’s own specific ways of making sense of the natural world reflect the limiting conditions of his historical and cultural location. It is not difficult to identify what appear to be errors of judgement on Aristotle’s part,43 some of which became petrified as he came to be regarded as an ‘authority’ in Renaissance science. For example, in On the Parts of Animals, Aristotle remarked that a philosopher could take pleasure in contemplating ‘things constituted by nature’ kata theōrian, including both the ‘ungenerated, imperishable, and eternal’ phenomena of the heavens and the generated and changeable realities of the world.44 Yet this absolute distinction between the changing ‘sub-lunar’ world and the perfect, regular, and unchanging ‘celestial’ realm caused his later interpreters some difficulties. Tycho Brahe’s observation of the appearance of a bright new star in the constellation of Cassiopeia in November 1572, and Christopher Scheiner’s observation of sunspots in 1611,45 both suggested that the celestial realm was subject to imperfection and change.

This discussion, however, lay in the future. Our concern now focuses on what Aristotle appears to have understood by the ‘explanation’ of nature.

Explaining Nature: Aristotle on Induction

So what does Aristotle understand by explaining nature? We have already noted the importance of identifying ‘first principles (archai)’ underlying the phenomena of the natural world. Aristotle’s natural inclination is to turn to teleology as an explanatory framework.

Teleological explanations are a central feature of Aristotle’s investigation of nature and reflect the importance he attributes to final causality in the coming to be and presence of regular natural phenomena. In Aristotle’s view of the world, everything that exists or comes to be “by nature” comes to be or changes, unless prevented, for a purpose and towards an end, and is present for the sake of that purpose or end.46

As is well known, Aristotle identifies four causes which may be discerned as underlying phenomena in the world or human culture—such as the creation of a bronze statue:47 a material cause; a formal cause; an efficient cause; and a final cause. In the cause of a bronze statue, the efficient cause (or principle that produces the statue) is the art (technē) of bronze-casting the statue.48

This raises a difficulty that has long been recognized in Aristotle’s approach: the assumed analogy between the causal processes that generate natural and cultural entities.49 It is quite easy to point to the causal processes that underlie the production of a cultural artefact, such as a bronze statue. Yet the unevidenced assumption that such causal processes also underlie the generation of natural entities, such as plants and animals, is deeply problematic. Aristotle in effect speaks of each internal causality within nature as an ‘artist (demiourgos)’.50 Furthermore, there are points in Aristotle’s scientific reflections, particularly in trying to understand the structures of plants and animals, when certain non-empirical grounding assumptions are brought into play, including the belief that ‘nature does nothing in vain’.51

Although there are clear parallels between Aristotle’s understanding of ‘science (epistēmē)’ and that of Plato,52 there are significant points of divergence, generally reflecting Aristotle’s adaptation of Plato’s approach to enable an engagement with the phenomena of the natural world. Perhaps the most important is Aristotle’s use of the process of induction (epagōgē) in engaging with these phenomena.53 For Aristotle, scientific knowledge is based on an empirical apprehension of particulars, which requires an inductive method of investigation.

At several points, Aristotle defines epagōgē in terms of ‘proceeding from particulars up to a universal’,54 which he often contrasts with sullogismos (‘deduction’), in which the reasoning process begins from established universals. This, of course, raises questions about imperfect inductive generalizations,55 and whether such generalizations can really be considered as epistēmē rather than simply doxa. One important (and influential) outcome of the application of this form of reasoning within Aristotle’s writings concerns the eternity of the world. This belief is clearly not an empirical observation in itself; it is a view that is based on Aristotle’s understanding of the relation of matter and forms, neither of which are empirical notions.56 As the subsequent discussion of this issue made clear, Aristotle’s arguments for the eternity of the world proved vulnerable.57 The ‘eternity of the world’ was doxa, rather than epistēmē.

The debate about the correct interpretation of Aristotle’s notion of epagōgē and its relevance for a natural philosophy continues. I shall note two significant engagements with Aristotle’s account by leading philosophers of science, noting how both found Aristotle profitable yet underdeveloped on this point. In both cases, a strong case can be made for asserting that these are legitimate readings of Aristotle’s concept of epagōgē and its associated methods for studying the natural world, which are defensible alternatives to the ‘standard’ reading of Aristotle at this point.58

The Victorian philosopher William Whewell (1794–1866) held that Aristotle anticipated his own view that induction involves not only the accumulation and generalization of facts, but also the discovery of new concepts through a process of active interpretation of the natural world.59 For Whewell, induction was a process of reflection that added something essential to what was otherwise simply a process of enumeration. ‘There is a New Element added to the combination [of instances] by the very act of thought by which they were combined.’60 Whewell’s main criticism of Aristotle was that he failed to give adequate attention to the need to ‘introduce’ new ideas or concepts that were ‘distinct from sensation’61—such as some kind of ‘organizing principle’, which was integral to the process of scientific explanation.

The American philosopher Charles S. Peirce (1839–1914) is noted for his development of ‘abductive’ modes of thought in making sense of the natural world. While much attention has been given to the specifics of this ‘creative act of making up explanatory hypotheses’,62 which is now widely referenced within the philosophy of science, not enough attention has been given to its origins in Aristotle.63 Peirce himself held that the origins of his abductive method lay in his reading of Prior Analytics II.25, which he considered to be defective as it stood, yet generative in terms of the possibilities that it suggested. Although Peirce’s reconstruction of Aristotle’s argument is open to criticism at points,64 it is clearly a legitimate interpretation and extension of his approach.

For example, it could be argued that the Posterior Analytics suggests that Aristotle is feeling his way towards offering what is essentially a psychological description of the mental process of grasping of a universal form in particular cases through ‘intuitive induction’ or intuitive reason.65 Even the ‘standard’ reading of Aristotle concedes the imaginative or intuitive elements in his account of induction: it is ‘a process not of reasoning, but of direct insight, mediated psychologically by a review of particular instances’.66 In an early lecture, Peirce described abduction as

that process in which the mind goes over all the facts the case, absorbs them, digests them, sleeps over them, assimilates them, dreams of them, and finally is prompted to deliver them in a form, which, if it adds something to them, does so only because the addition serves to render intelligible what without it, is unintelligible.67

This brief discussion of Aristotle’s natural philosophy sets the scene for its later development. The full story of how Aristotle’s natural philosophy was favourably received within the Islamic world,68 before coming to be rediscovered and reappropriated in western Europe, is fascinating, and still not fully understood. How, for example, did Aristotle’s views on astronomy, supposedly empirical in their foundations, come to be received as authoritative in European universities, thus causing such difficulties for empirical innovators such as Galileo? Although these are important historical questions, they are not all relevant for our purposes.

The most appropriate point at which to reconnect with the western tradition of natural philosophy is in the thirteenth century, when this discipline emerged as a distinct and potentially autonomous field of inquiry, which would gradually loosen its connections with Aristotle and his commentators, in favour of a more explicitly empirical approach.
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The Consolidation of Natural Philosophy

The Middle Ages

From the thirteenth to the sixteenth century, Aristotelian natural philosophy dominated western attempts to make sense of the world of nature.1 This is not to say that western scholars were inattentive to the natural world in earlier centuries. The eighth-century theologian and historian Bede, based in the kingdom of Northumbria in north-eastern England, represents an important tradition of natural philosophy, though based on biblical exegesis than Aristotle.2 Yet Aristotle was seen to offer natural philosophy an informing intellectual framework, thus stimulating major translation projects throughout the twelfth and thirteenth centuries, in which Aristotle’s works and those of his commentators were translated from Greek and Arabic into Latin.3 While this tradition of commentary emerged in the ancient world,4 it was retrieved and expanded in the Middle Ages and Renaissance, allowing Aristotle’s intellectual vision to be continuously evaluated, corrected, and extended. Edward Grant’s assessment of medieval Aristotelian interpretation is helpful in understanding its appeal and persistence: ‘It was always a domain of both traditional and innovative concepts and interpretations and was, therefore, inevitably elastic and absorbent. Hence its most interesting feature was a capaciousness that knew few limits.’5

While some historians appear to consider that the appearance of this literature itself was the cause of the emergence of natural philosophy or even the natural sciences (though this latter term was not used frequently in the early Middle Ages),6 it seems clear that this interest in Aristotle and his interpreters was either the result of, or an essential accompaniment to, something more fundamental—a new interest in the philosophical and religious importance of the natural world.7 As a result of this enterprise, the concept of philosophia naturalis was widely discussed within the western church and the universities. While the Latin term natura could be used to translate Aristotle’s phusis, it came to have wider associations by the end of the twelfth century, when the concept of ‘nature’ had developed a range of meanings, including some close approximations to what modern readers understand by the term.8

For M. D. Chenu, the twelfth century witnessed a growing interest in the phenomenal world. Nature was now seen both as an object of study in itself, but also as a means of stimulating religious devotion through seeing nature as God’s creation.9 Chenu suggested that the twelfth century laid the foundations for this new interest in engaging the natural world, displacing a symbolic understanding of nature with a new concern to understand the structure, constitution, and underlying principles which seemed to underlie physical reality.10 Where traditional understandings of the natural world proceeded from a theological perspective, Chenu argued that such motivations were supplemented by a growing interest in acquiring an understanding of nature using methods that were not grounded upon or governed by theological principles.

Subsequent research has confirmed that a renewed interest in the study of nature emerged in the mid-twelfth century,11 and that scholars of this period drew on classical sources in developing a natural philosophy. This development is clearly related to the emergence of distinctively Christian, Islamic, and Jewish forms of natural philosophy during this period. Each found ways of drawing on the emerging tradition of natural philosophy, while accommodating this to the religious traditions that they represented. We shall return to this point later in this chapter (pp. 36–8). Yet it is important to appreciate that similar approaches emerged in Asia around this time, as forms of natural philosophy emerged in China, many of which placed an emphasis upon tian-ren-he-yi (the unity or harmony of heaven and humanity),12 thus giving rise to forms of thought that parallel comparable developments in western Europe during the Middle Ages and Renaissance. Although Chinese natural philosophers such as the twelfth-century writer Chu Tsi did not deal directly with some of the more abstract discussions that characterize modern science, there is a clear trajectory from his close attentiveness to nature to such an approach.13

This developing European interest in natural philosophy was well adapted to some significant trends within western religious and academic culture around this time, most notably the political separation of the ecclesiastical and secular realms resulting from the Investiture Controversy of the eleventh century, and the increasing structural separation—and hence intellectual isolation—of faculties of philosophy and theology in medieval universities.14 The growing interest in the concept of ‘natural law’ in the academic culture of the early medieval period also points to the interest in legal notions which were not grounded theologically.15 Although this concept was partly grounded in the notion of right reason, it also reflected a metaphysical belief in the ordering of the natural world, which was seen as lying beyond human intervention and manipulation.

For some of its interpreters, the task of natural law is to ‘interrelate systematically practical reason with a philosophy of nature’.16 A natural law theory therefore requires ‘a commitment to law as in some way “natural,” and nature as in some way normative’.17 For Aquinas, the concept of ‘natural law’ ultimately rests on a metaphysical realism of structured natural kinds and an epistemological realism by which this realist structure can be known by human observers of the natural world.18 This theme attracted much attention during the Renaissance, and was widely seen as a legitimate and generative topic of exploration.19

The Universities and Early Medieval Natural Philosophy

The foundation of universities in western Europe is widely seen as a turning point in intellectual history, marking the relocation of the pursuit of knowledge from the piety of the monastic schools of theology to a new academic space, theoretically independent of monarchical and ecclesiastical control.20 By far the most important such intellectual centre was the University of Paris. By the beginning of the thirteenth century, it is thought that there were around 4,000 students in residence at Paris, making up a tenth of the city’s population. The University of Paris was a complex corporate entity, a federation of three main collegiate bodies: nations, faculties, and colleges. Tensions arose over many issues within the Parisian Faculty of Arts, particularly in the first half of the thirteenth century, when religious orders—such as the Dominicans and Franciscans—became involved in university teaching, and were seen as a threat to the autonomy of Faculty members (such as secular priests) who were not linked with these orders.

Yet one of the most significant debates at Paris during the thirteenth century arose from a turf war between the disciplines of philosophy and theology and their associated Faculties, each of which considered itself to be intellectually distinct and autonomous.21 Aristotle’s natural philosophy came to demarcate a form of knowledge production that was potentially a threat to theology’s claim to intellectual supremacy, grounded in its privileged access to divine revelation.22 This tension was experienced within Islam in previous centuries, as growing interest in Aristotelian works led to strained relations with Islamic theology, especially on questions relating to creation and the eternity of the world.23 It was clear that Aristotle affirmed certain natural philosophical doctrines—such as the eternity of the universe—which contradicted, or at least were at least in tension with, certain traditional commitments of Jewish, Christian, and Islamic theology.24

While Thomas Aquinas rightly pointed out that Aristotle’s belief in the eternity of the world rested on questionable lines of reasoning, he nevertheless held that Aristotelian ideas were helpful in the articulation of Christian theology.25 However, Aquinas’s argument for the critical appropriation of Aristotle was met with a counter-demand for a general rejection of his ideas. In 1277, the bishop of Paris, Etienne Tempier, issued a series of condemnations of Aristotle’s ideas, in an ultimately unsuccessful attempt to curb their influence. Yet Tempier’s attempts to suppress natural philosophy failed to satisfy either theologians or philosophers at Paris. A better strategy was clearly required.

With the benefit of hindsight, the contribution of the Dominican Parisian theologian Albertus Magnus may be seen to have paved the way for a solution to this problem, which resulted in the rise of Aristotelian philosophy in the great universities of England, France, Germany, and Italy. An acknowledged expert on Aristotle, he drew a distinction between the realms of the natural and supernatural, arguing that philosophy offered an appropriate means of studying the former, and theology the latter. The breadth of his intellectual vision was such that he was able to hold together natural philosophy and theology, while delineating their respective realms of authority and inquiry.26 He was doubtless helped in this matter by Gregory IX’s bull Parens scientiarum (1231), which is widely credited with bringing about a decisive change in university culture, especially in encouraging the study of Aristotle’s Libri naturales.27

For Albertus, no special divine illumination is required in order to acquire a reliable knowledge of the natural world using intrinsic human powers of reasoning. The study of natural things (naturalia) can be conducted using a ‘natural light’; the study of revealed truth, however, requires divine grace and illumination. It is instructive to consider Albertus’s changing views on human nature, which show an increasing tendency to move away from a traditional Augustinian approach to human identity, and draw extensively on Aristotelian works (particularly his treatise On the Soul). Perhaps more importantly, he tends to weave citations from theological sources into wider conversations,28 rather than treating them as privileged.

In his assessment of the development of western philosophy, Gaukroger suggests that Albertus Magnus’s significance for the development of natural philosophy thus lay partly in a careful delineation of magisterial boundaries: ‘natural philosophy was concerned with natural truths, and theology with supernatural ones.’29 Natural philosophy was thus something that could be pursued independently of theology, in effect constituting a distinct scientia. This was not simply a matter of disciplinary specificity; it had implications for the location of this discipline within a university’s Faculty structures, and for the scholarly aptitudes and dispositions that accompanied such studies.30 To simplify what Albertus Magnus has to say on this matter, divine grace and illumination are not required for matters of philosophy, but are necessary for theology, which deals with the interpretation and apprehension of divine reality.31

A similar view was taken by Thomas Aquinas during his period at Paris. For Aquinas, who can be seen as the successor to Albertus Magnus, philosophy works in its own distinct manner; yet its conclusions may be seen as congruent with those of theology. This theme of convergence of outcomes, but not identity of methods and norms, is seen particularly in Aquinas’s Summa contra Gentiles, in which he deploys a natural philosophy, independent on Christian theology, in order to enable him to engage Muslims and pagans who would not accept the authority of the Christian Bible, or any arguments resting upon it.32 A natural philosophy thus offered what could be seen as a shared common natural language, enabling conversations across both disciplinary and religious divides.

Natural Philosophies: Christian, Islamic, and Jewish

The rise of the University as a discursive community, consisting of Faculties with different understandings of the nature of knowledge production, in effect created an environment in which natural philosophy and theology offered different means of making sense of the natural world and human nature, as well as engaging with questions relating to God. Thomas Aquinas illustrates this point well, in his discussion of the idea of ‘the empyrean heaven’. This, he argued ‘cannot be investigated by reason…but is held by authority’.33

‘Natural philosophy’ here is perhaps best understood as forms of reasoning which—following Albertus Magnus—rely on ‘natural’ capacities and resources, not requiring any special divine ‘illumination’. This development could thus be understood as a form of intellectual empowerment, shifting some important areas of discourse beyond the sole authority of the church or a Faculty of Theology. There are clear parallels with Anselm of Canterbury’s eleventh-century so-called ‘Ontological Argument’ for the existence of God (although as Anselm frames it, this is neither ‘ontological’ nor an ‘argument’), which offers a gateway to some modest theological reflections using the natural light of human reason, devoid of any specifically theological presuppositions.34 While some might see this as a threat to the authority of theology, most would see it as offering an expansion of intellectual possibilities, based on the traditional notion of ancillae theologiae—‘assistants to theology’, who are able to offer conceptual or methodological grist to theology’s mills, enabling refinement and development of its ideas.35 It could therefore be argued that a natural philosophy is a stimulus or gadfly to theology, perhaps encouraging a welcome interdisciplinarity.

One important intellectual and sociological factor stands out in this respect—the creation of a conceptual space for reflection on the grand questions of God, meaning, and nature which was not controlled or shaped by the church or any other religious body. We have already noted the importance of Christian writers such as Albertus Magnus and Thomas Aquinas in developing a viable relationship between Christian theology and natural philosophy (pp. 33–4). Yet such a critical religious appropriation of Aristotle was not a specifically Christian undertaking; similar projects were being developed by Jewish and Islamic writers in western Europe around this time. While medieval discussion of natural philosophy was often linked to the interpretation of Aristotelian texts, this was nuanced in different ways by Christian, Islamic, and Jewish writers.

Although many religious writers of this period expressed concerns about Aristotle’s views on the eternity of the world, they also appeared to have viewed his works as a religiously neutral resource capable of being quarried for the development of their own theological and philosophical agendas. This shared interest in Aristotle led to a philosophical ecumenism which was remarkable in the light of the political and religious tensions of this period. A good example of this related to the twelfth-century Andalusian Islamic philosopher Avicenna, a noted practitioner of falsafa, an Arabic philosophical tradition that considered itself as an ‘immediate heir and continuation of a Neoplatonized Aristotelianism’.36 Averroes’s commentaries were even translated into Hebrew so that Jewish interpreters of Aristotle might benefit from them.37

Judah ben Samuel Halevi, the leading Hebrew poet of his generation in medieval Spain, developed a natural philosophy which distinguished between the God who was disclosed through the natural order, and the God of Abraham, Isaac, and Jacob, who was disclosed through history.38 Halevi’s most significant work was originally written in Arabic, and later translated into Hebrew. In this work, Halevi contrasts the God of Aristotle, whom he designates as ‘Elohim’ and is known by reason and through the fixed order of nature, with the God of Abraham, known as ‘Adonai’, who is known through history, as interpreted through prophetic illumination. ‘One passionately yearns for Adonai with a passion that involves both “taste” and witness, while attachment to Elohim is by way of speculation.’39

Other topics that were debated within medieval Jewish natural philosophy included the question of whether there existed a plurality of universes, and how Aristotle was to be interpreted on this matter.40 Yet medieval Judaism was divided in its attitudes towards Aristotelianism. Jewish communities in the northern communities of Ashkenaz and Northern France were sceptical of its merits; those in the southern communities of Spain, Provence, and Italy were considerably more positive.41

Despite their theological differences, many Jewish, Muslim, and Christian natural philosophers of this era thus shared a belief in the importance of Aristotle as a foundational resource for a natural philosophy. Yet this shared respect for Aristotle was in decline by the end of the Middle Ages,42 with important consequences for the future directions of natural philosophy.

The Decline of Aristotelian Natural Philosophy

One important factor which contributed to the decline of Aristotle’s influence in the later Middle Ages was growing unease over the adequacy of his empirical observations—for example, the dogma of the ‘uninhabitability of the torrid zone’.43 Aristotle held that the habitable world was confined to the temperate zone between the Tropics and the northern frigid zone, which was clearly inconsistent with the growing body of knowledge arising from the ‘voyages of discovery’ of the late fifteenth and early sixteenth centuries, which made it clear that the ‘habitable’ world extended far south of the Equator.44 Cumulative observation by multiple contemporary observers increasingly came to be seen as providing a sufficient evidentiary foundation for overturning the once-authoritative judgments of Aristotle. This helps explain the growing importance of commentators on Aristotle in the Renaissance, who often nuanced or corrected his judgements on matters of importance for natural philosophy, including moving this tradition in a more empirical direction.45

Yet others were concerned that Aristotelian natural philosophy failed to articulate a moral vision, whether social or personal, enabling deeper questions of purpose and value in life to be addressed. The fourteenth-century Italian humanist Petrarch was particularly critical of the moral failures of the natural philosophers of his day, as well as their failure to engage deeper questions. ‘What use is it, I ask, to know the nature of beasts and birds and fish and snakes, and to ignore or neglect our human nature, the purpose of our birth, or whence we come whither we are bound?’46 Petrarch’s more fundamental concern was that philosophy fails to motivate us to act virtuously, which required inspiration rather than mere intellectual analysis.47 Petrarch here reflects the Renaissance immersion in classical antiquity, which led him to see philosophy as encouraging aspiration to moral excellence and the achievement of happiness.

The moral shortcomings of natural philosophy might, of course, be remedied by an appeal to natural law. As noted earlier (p. 32), a good case can be made for suggesting that natural philosophy lays the foundation for an understanding of lex naturalis—a concept of goodness or human obligation that is grounded in the deeper structures of reality, rather than being a human construct or invention.48 While this idea of a cosmic moral order with implications for human social ordering was of interest to university Faculties of Law, it was clearly also of public interest, and was often debated in Renaissance literature—for example, in Milton’s Paradise Lost, where the notion of natural law plays a ‘defiantly and definitely central’ role.49

Yet there are important questions about the wider cultural impact of natural philosophy at this time in western European history, especially in relation to the affective aspects of the natural world. Natural philosophy wrestled with questions of understanding nature, such as what first principles might be identified as lying behind natural structures and processes. Yet there is a substantial literature which points to both popular and academic interest in engaging matters such as the beauty and mystery of nature, the possibility that nature disclosed certain arcane ideas or mystical secrets, or that it might hold the key to personal transformation.50 Natural philosophy seemed to offer a somewhat dry and cerebral account of a natural world, whose beauty and complexity seemed to cry out for an engagement at the imaginative and emotional level. This approach to natural philosophy persisted into the early modern age. In his Ancilla philosophiae (1599), the Oxford Aristotelian philosopher John Case set out the object of natural philosophy in traditional Renaissance style as ‘the fullest knowledge of all things’. Not only does Case show no awareness of the importance of interpreting nature,51 he has little interest in engaging with the affective aspects of the natural world.

To appreciate the importance of this point, we may consider a quite different approach to the natural order developed in the twelfth century at the Parisian Abbey of St Victor. Hugh of St Victor developed a theology of the natural world which allowed its affective aspects to be appreciated, and incorporated into a Christian doctrine of creation. The study of nature as God’s creation led, not simply to a better understanding of the world, but to the enhancing of human wisdom.52 This has remained a classic theme of human engagement with nature: not simply understanding how nature works, but appreciating its deeper meaning and how this might make people wiser.53 Even in the early Middle Ages, we can see hints of a recognition of the incompleteness of purely rationalist assessments of the natural order, which seem to offer an inadequate account of the human experience of nature.

The limits of such rational accounts of the natural order is highlighted in Hildegard of Bingen’s remarkable Liber divinorum operum (‘The Book of Divine Works’), which explores an approach to natural philosophy that highlights the importance of affective and imaginative engagement with the world.54 Hildegard explores the affective links between God, human beings, and the cosmos through the notion of symphonia—an auditory image which highlights the harmony of the universe, and the pleasure that it gives to those who contemplate it.55 The contemplation of the natural order thus goes beyond intellectual reflection, in that it elicits pleasure, praise, and devotion, while giving the beholder a sense of place within the universe. The intensity of Hildegard’s engagement with nature, and the imagery she uses in expressing this, raise some important issues about the role of gender in engaging an allegedly ‘objective’ natural world, which have featured prominently in some recent feminist theological discussions.56

Hugh of St Victor also played an important role in developing the idea of nature and the Christian Bible as ‘God’s Two Books’, which could be read alongside each other in mutually illuminating ways.57 Although this was an interesting development in its own right, its importance for an understanding of natural philosophy relates to the question of the interpretation of nature—a matter that was rarely discussed in the Middle Ages, but which became important in the sixteenth century. It is now generally agreed that the imagery of ‘God’s Two Books’ led theologians to suggest that the well-established hermeneutical tools used to interpret the Bible could also be applied to the natural world,58 thus opening the way to the new interpretative empirical approaches to nature that emerged in the late sixteenth century. A set of familiar hermeneutical tools were available for the interpretation of the text of the book of nature, once the moment was right for their deployment. Yet although the conceptual foundations for such an interpretative approach to nature had been laid by 1200, their application dates from much later.

The Utility of Natural Philosophy: Alchemy and Magic

Aristotle’s view that theōria was of little practical value was not shared by all. While early medieval natural philosophy offered a restrictively rationalized account of the natural world, others turned to the disciplines of alchemy to expand the scope of a philosophy of nature. In 1994, Pamela Smith pointed out how Renaissance alchemy, and the hermetic philosophy that informed it, contributed significantly to the ‘habits of mind and practice that formed early modern philosophy’.59 The Renaissance interest in chrysopoeia (transmuting base metals into gold) that was evident in, for example, the alchemical Liber Lucis of John of Rupescissa,60 was not seen as something that was irrational or occult, but rather as a legitimate and entirely rational way of moving beyond an understanding of the natural world to controlling it, and repurposing natural processes to deliver desirable outcomes. Theōria offered an understanding of natural processes, which could lead to their redirection to enhance human well-being.

Many alchemical works of the early Middle Ages, such as Robert of Chester’s Liber de compositione alchemiae (1144), understood alchemy as an attempt to understand the fundamental constitution of the natural order, making it possible both to transform nature and heal humanity. While most now consider alchemy to be an arcane non-science with strongly mystical tendencies, its early medieval practitioners saw it as a form of natural philosophy, originating in Arabia.61 Alchemists and the practitioners of magic were sometimes described as ‘the perfect philosophers’, who had mastered the arts of natural philosophy, geometry, music, and astronomy necessary to a transformation of the natural world.62 The ‘philosopher’s stone’ was thus not seen simply as an agent of theoretical understanding, but of personal transformation—a point particularly evident in the English poet George Herbert’s poem ‘The Elixir’.63

Alchemy remained a significant element of western European engagement with nature until the end of the seventeenth century, when growing concern about the absence of reliable witnesses to supposed acts of ‘transmutation’ led to an erosion of their plausibility.64 Nevertheless, alchemical motifs can easily be discerned in early modern natural philosophy, such as that of Robert Boyle, which we shall consider presently. It was not until the development and general acceptance of Dalton’s ‘atomic hypothesis’ in the late eighteenth century that the notion of transmutation of metals was recognized as scientifically impossible.65

This leads us to consider the place of ‘magic’ in the Middle Ages. It is important to appreciate that writers of the Middle Ages did not make the easy distinction between ‘magic’ and ‘science’ that seems self-evidently true in the twenty-first century. William of Auvergne, who was Bishop of Paris from 1228 until his death in 1249, saw magic as part of the naturalis scientiae.66 Much magical literature of the Middle Ages was concerned with identifying the networks of natural forces in the universe and explaining how these can be manipulated to human advantage.67 These works included ‘lapidaries’ (studies of the magical powers attributed to different stones) and treatises on the medicinal uses of plants. For many in the Middle Ages and Renaissance, this offered an attractive alternative to the intellectual abstractions of Aristotelian natural philosophy. For reasons that are not completely understood, the domain of magic came to have increasingly feminine associations in the later Middle Ages, possibly reflecting its subversion of traditional gendered associations of intellectual authority.68

None of these considerations, of course, can really be considered to call into question the intellectual legitimacy of natural philosophy, as this emerged as a distinct way of reasoning and as a community of discourse in the early medieval period. It is simply to note some concerns which became increasingly obvious over the following centuries—namely, that this discipline was seen to offer an incomplete account of nature, thus raising the question of whether this deficiency could be remedied from within the discipline, either by expansion of its conceptual scope, or by creating alliances with other modes of human reflection which might alleviate these difficulties. While the process that Max Weber termed ‘Disenchantment’ is generally associated with the modern period, its roots can arguably be traced back much further.

This book is not a history of the concept of natural philosophy, but is rather an interpretative reflection on its past forms and present possibilities. While there is much more that needs to be said about the fortunes of natural philosophy in the Middle Ages, the specific purposes of this work are best served by moving directly to consider what might be considered to be the ‘Golden Age of Natural Philosophy’, beginning with the remarkable contribution of the late Renaissance philosopher Johannes Kepler. It was during this period that an interpretative empirical approach to natural philosophy, particularly in relation to the use of an experimental method, became firmly established—with significant results for how natural philosophy was understood and practised.
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Skywatching

The Natural Philosophy of Copernicus, Kepler, and Galileo

The sixteenth century is widely seen as witnessing a reconfiguration of the notion of natural philosophy. In part, this was due to increasing concern about the evidential basis of Aristotelian natural philosophy, which appeared to many to have tempered Aristotle’s empirical instincts, leading to a petrification of his philosophical system. Aristotelianism was often treated as a definitive interpretation of the natural world, rather than as a provisional account of the nature of the world which was to be augmented and corrected in the light of a continuing engagement with the natural order. A growing interest emerged in expanding knowledge empirically—for example, by observing nature in newly discovered parts of the globe, or by making increasingly accurate observations of the natural world. In this chapter, we shall reflect on the importance of such empirical observations of the heavens, particularly the movement of the planets against the background of fixed stars.

The heavens have always fascinated human beings,1 not least because they create a mind-expanding sense of what Albert Einstein described as ‘rapturous amazement’.2 Yet alongside this affective impact of the night sky, many recognized its utility. In Babylonian times, the study of the heavens was seen as practically important (for example, in the prediction of solar and lunar eclipses),3 while in ancient Egypt it served to predict the annual flooding of the Nile or allow the correct orientation of temples.4 Others were intrigued by the more cognitive questions it raised. The movements of the five ‘wandering stars’ (Greek: planētes) against the background of seemingly changeless ‘fixed stars’ were observed with particular interest. What were they? And how could their slightly irregular movements across the sky be explained?

The model of planetary motion developed by Claudius Ptolemy of Alexandria in the second century achieved widespread acceptance. In his Amalgest, Ptolemy argued that the observed patterns of motion of the planets could be explained, and their future movements predicted, in terms of a series of nested circular orbits around the earth. Although this model is often described as ‘forced’ or ‘contrived’ by its modern critics, it is very difficult to sustain these criticisms in the light of the measurements of planetary positions available to Ptolemy at this time.5 Ptolemy’s planetary theory is ‘strictly empirical’, setting out a rigorous mathematical derivation of numerical parameters based on observations, aiming to ‘preserve the phenomena’.6

Ptolemy’s account of planetary motions remains the best theoretical approximation to the observational data before Johannes Kepler’s model of the early seventeenth century. Perhaps its greatest achievement was to demonstrate that a fixed and constant framework could be discerned behind what seemed like somewhat irregular planetary motions. It is important not to judge Ptolemy in the light of today’s more precise observational knowledge, but rather to adopt a historical approach which tries to understand ‘how and why Ptolemy and his successors formulated the problems the way they did’, and how successful this formulation was in accounting for the observable phenomena of their time, ‘within the restrictions of their ability to observe’.7

So did Ptolemy’s mathematical planetary model—or others that might arise to displace it—aim to explain the real world, or was the role of such mathematical models essentially to describe and accurately predict planetary motions? Many classical and medieval writers considered that the substances of nature did not conform to the abstractive precision that was characteristic of mathematics,8 and that the deductive structure of mathematical demonstration could not adequately capture the complex causal relationships among natural bodies.9 Aristotle had raised concerns about the mixing of disciplines on the grounds that qualities that might be essential from the perspective of one discipline might be considered accidental from another disciplinary perspective.10 While Aristotle was satisfied that mathematics could be mixed in an acceptable manner with astronomy, optics, and harmonics, he did not consider it could be mixed with physics.11

One of the most interesting debates on the interpretation of Ptolemy on this point took place in the city of Toledo in Moorish Spain during the twelfth century, when Islamic philosophers discussed the status of his model.12 The Toledan school of astronomy offered an instrumentalist approach to Ptolemy, where others preferred a realist interpretation.13 This debate also highlighted the role of natural philosophy as an interpretation, not simply an aggregation, of observations.14 European intellectuals of the sixteenth and seventeenth centuries increasingly came to understand the study of both the Bible and nature as mutually illuminating hermeneutical exercises.15

In this chapter, we shall consider the interpretative natural philosophy which emerged from the works of the three leading astronomers of the early modern period: Copernicus, Kepler, and Galileo. We begin by considering Nicolaus Copernicus’s proposal for a heliocentric understanding of planetary motion.

Copernicus and Tycho Brahe

Ptolemy’s account of the relation of the planets, earth, sun, and moon secured wide acceptance for nearly a thousand years. Yet not all were persuaded. A treatise of Martianus Capella (fl. c.475), which attracted little attention at the time of its composition, began to be studied seriously with the emergence of the great cathedral schools of learning in the ninth century.16 Capella argued that Ptolemy was correct in asserting that Mars, Jupiter, and Saturn orbited the earth; the observational data suggested, however, that Mercury and Venus orbited the sun. Capella’s work was known to the Polish astronomer Nicolaus Copernicus, and appears to have played a significant role in the position Copernicus set out in his De Revolutionibus orbium coelestium (‘On the Revolutions of Heavenly Orbs’, 1543). By then, scholars such as Johannes Regiomontanus had raised significant concerns relating to many core assumptions of medieval astronomy, creating an environment that was open to reconsideration of traditional approaches.17

Although Copernicus himself carried out some observational work, his main contribution to the development of natural philosophy lay in re-evaluating existing data from a different perspective.18 Copernicus’s earliest discussion of planetary theory, known as the Commentariolus, probably dates from 1514. In this work, Copernicus noted the views of Capella, and appears to have been stimulated to extend this earlier writer’s approach.19 Bernard Goldstein’s careful reconstruction of Copernicus’s evolving heliocentrism is based on three core assumptions, all of which are stated clearly in the Commentariolus:



1. The sun is stationary, and the earth moves around it (in other words, the earth is recategorized as a planet);

2. The sun is the centre of motion for all six planets (i.e., the five original planets, plus the earth itself);20


3. The moon is not a planet; it is rather a ‘fellow traveller’ with the Earth around the sun.





Copernicus’s mature statement of his theory, set out in his posthumously published work De Revolutionibus, envisaged six planets (one of which is the earth) rotating around the sun.21 The earth, Copernicus asserted, moved in a circular orbit at constant speed, where the other planets moved in eccentrically placed orbits in non-uniform speed. The closer a planet was to the sun, the faster it moved. The earth was the sole exception to this rule; although it had an eccentric orbit, it was nevertheless held to move at a constant speed.

The ‘logic of discovery’ underlying Copernicus’s heliocentric model of the solar system remains unclear.22 What was the fundamental motivating factor which led him to make this proposal, given that it failed to offer more accurate observational predictions in comparison with the older Ptolemaic model?23 To put the matter bluntly, the traditional geocentric Ptolemaic cosmology and the ‘new-fangled heliocentric Copernican arrangement’ predicted ‘essentially the same planetary positions’.24 Copernicus’s new theory might have seemed to be more elegant and economical at the qualitative level; closer examination, however, revealed a deeper quantitative complexity that compromised this simplicity.25

In November 1572 the Danish astronomer Tycho Brahe observed that a new star had appeared in the constellation of Cassiopeia. Using a sextant and cross-staff as measuring instruments, he was able to determine that the star was located among the ‘fixed stars’, which Aristotle had declared to be perfect and unchanging.26 It was an important observation, which raised concerns about the reliability of some core assumptions of Aristotle’s natural philosophy. Yet for our purposes, the importance of Tycho’s increasingly precise observational instrumentation relates to his determination of the daily positions of planets.27 Tycho’s observations were made using instruments such as his ‘equatorial armillary’, completed in 1585—perhaps the last such instrument constructed which did not make use of the optical technology later used in telescopes.28

Tycho accumulated a vast repository of accurate determinations of the positions of the planets, particularly Mars. These observations, widely agreed to be the most accurate and comprehensive in pre-telescopic astronomy, needed to be interpreted using a model of the planetary system. Noticing increasing disparities between his observations of planetary locations and those predicted by the Copernican model,29 Tycho proposed an alternative model, according to which the five planets rotated around the sun, which in turn rotated around the earth.30 While this hybrid model is often interpreted as a conservative attempt to hold on to the traditional Ptolemaic model of the solar system, Tycho’s own account suggests that the model was a response to the failure of Copernicus’s new system to offer a good fit with the observational data. Given that the competing hypotheses offered by Copernicus and Tycho seemed to be observationally equivalent, those trying to adjudicate between rival theoretical claims often seemed to depend on non-empirical considerations in coming to a decision, such as their apparent metaphysical implications, or their theological foundations or consequences.31

Up to this point, Tycho had enjoyed the patronage of the Danish monarchy. However, Tycho fell out of favour with Christian IV, and was forced to leave Denmark in 1597. The Habsburg emperor Rudolf II welcomed him to Prague, and helped him to set up an observatory at a manor house at nearby Benatky, situated on high ground, and offering a clear view of the horizon in every direction.32 There, he was joined by a rising star in the world of astronomy, Johannes Kepler, whose Mysterium cosmographicum (‘The Mystery of the Universe’, 1596) attracted international attention, partly on account of its explicit acceptance of the Copernican theory, but also because of the elegance of its central theme of ‘nested spheres’ enfolding geometrical solids, such as the cube, tetrahedron, and dodecahedron.33 Following Tycho’s death in 1601, Kepler became Imperial Mathematician in Prague, and gained access to Tycho’s observational data, accumulated during his time in Denmark. These observations would be the foundation of his Rudolphine Tables, published in 1627, which predicted the positions of all the planets. Yet they also proved to be of critical importance in his philosophical reflections on the structure of the solar system.

Kepler on the Harmonies of Nature

Despite the cultural and religious disruptions caused by the Protestant Reformation, there was continuing interest in the study of the natural world throughout the regions which adopted Protestantism.34 By the 1560s, the two major constituencies within the emerging Protestant tradition, traditionally referred to as ‘Lutheranism’ and ‘Calvinism’, had developed their own distinct theological frameworks which were hospitable towards the natural philosophies of the period. Calvinism achieved such an accommodation through its distinction between the ‘natural knowledge of God’ and a ‘revealed knowledge of God’,35 where Lutheranism relocated the field of natural philosophy within its theological dialectic between ‘law’ and ‘gospel’.36 Like Albertus Magnus in the thirteenth century, the Lutheran theologian Philip Melanchthon made a critically important distinction between the truths of revelation, and those which resulted from natural inquiry. This development created a conceptual space that was hospitable to natural philosophers such as Kepler.37

After Tycho’s death, Kepler began to engage the problem of planetary motion, aiming to make sense of Tycho’s accumulated observations of the position of the planet Mars. Whatever theory he derived would have to agree with the planetary positions that were actually observed, and so carefully tabulated by Tycho. Using a process of fitting by trial and error, which Newton later considered to be ‘rife with compromises and unsupported opportunistic assumptions’,38 Kepler came to the conclusion that Mars orbited the sun in an ellipse.39 While this hypothesis fitted the observational data, it remains unclear how Kepler arrived at this conclusion, in that this does not appear to have been a totally reliable inference from the observational evidence.40 Kepler could not have established an elliptical orbit on the basis of these observations alone, in that ‘the uncertainty in the data is too great to plot out the points geometrically and fit a curve through them.’41 But Kepler was looking for more than empirical correspondence, thus ‘preserving the phenomena’; he was looking for ‘plausible physical explanations for his astronomical hypotheses’.42

So why did Mars orbit the sun elliptically? In the Mysterium cosmographicum Kepler suggested this was due to some efficient force emanating from the sun; in the Astronomia nova (1609), this is put down to some virtus motrix. This latter idea was based on Kepler’s reading of William Gilbert’s De magnete (1600), which led him to suggest that some form of magnetic force existed between the planets and the sun, which resulted in some kind of orbital equilibrium.43

Kepler also corrected a problem with Copernicus’s model of planetary motion, which rested on the assumption, apparently carried over from Ptolemy, that the earth moved in a circular orbit at constant speed. Tycho’s observations of the position of the planet Mars were so detailed and accurate that Kepler was able to show, using Tycho’s records for observations of Mars that were precisely 687 days (the orbital period of Mars) apart, that the earth also moved in an elliptical orbit.

What are now known as ‘Kepler’s three laws of planetary motion’ may be set out as follows, summarizing the basic patterns that Kepler had identified through close examination of the Tychonian observational records:44



1. The planets move in elliptical orbits with the sun located at one of the two focal points.

2. The radius vector from the sun to a given planet sweeps out equal areas in equal times.

3. The square of the period of any planet is proportional to the cube of the semi-major axis of its orbit.





The important point, so easily overlooked, is that these ‘laws’ are summaries of what Kepler observed, and was able to represent mathematically; they are not themselves explanations, but are actually observations that themselves require explanation. Why, for example, is the square of the period of any planet proportional to the cube of the semi-major axis of its orbit?45

Kepler himself was not satisfied with inductions from pure observation, believing that there must exist a physical explanation for these general principles, grounded in some deeper ordering within nature which might not be entirely accessible to human reasoning. He offered a plausible causal explanation of planetary motion based on a rectilinearly oriented magnetic force. Although Kepler was somewhat vague about the details, and was clearly uneasy about the concept of some kind of magnetic force acting at a distance,46 he nevertheless believed that the observed behaviour of the planets was best explained in terms of forces at work within the physical structure of the universe.47 In the end, of course, Newton would later offer a better explanation, based on the concepts of inertia and universal gravitation.

Kepler’s contribution to the mathematization of natural philosophy is of enormous significance. His success in the mathematization of the solar system encouraged the growing trend to see mathematics as the language of the natural world. ‘Although astronomy had always been deemed a mathematical science, few in the early sixteenth century would have envisioned a reduction of physics – that is, of nature as motion and change – to mathematics.’48 Yet our concern here is not with documenting the details of Kepler’s mathematical success, but rather with reflecting on its wider importance, especially in relation to a reframing of the enterprise of natural philosophy. Why does mathematics seem able to describe some fundamental structures of the universe? As we shall see, this question would be developed further by Galileo and others.

Kepler’s achievement was to reconceive the world of the planets as part of the natural order. To appreciate this point, we need to step into the bygone imagined world of the Renaissance, bifurcated into two domains by Luna, the moon. In his classic study The Discarded Image, C. S. Lewis offers an explanation of the significance of this division:

At Luna we cross in our descent the great frontier which I have so often had to mention; from aether to air, from heaven to nature, from the realm of gods (or angels) to that of daemons, from the realm of necessity to that of contingence, from the incorruptible to the corruptible. Unless this great divide is firmly fixed in our minds, every passage in Donne and Drayton or whom you will that mentions translunary or sublunary will lose its intended force.49

As Lewis rightly observes, the ‘sublunary world’ of Aristotelian natural philosophy constituted ‘Nature in the strict sense’. With the erosion of the artificial Aristotelian bifurcation of what we now take to be ‘nature’ as a whole, the scope of natural philosophy was significantly extended and enriched.50

A consequence of this development needs to be highlighted. Some popular accounts of the rise of Copernicanism suggest that it was resisted because it was seen to challenge any privileged status for humanity or the earth as the centre of things.51 This is a somewhat modernist view, which is not sufficiently attentive to the Aristotelian intellectual framework which was so influential in the sixteenth century and beyond. Given the Aristotelian dichotomy between the perfection of the heavens and the imperfection of the sublunar regions, to relocate the earth in the realm of the heavens significantly enhanced its status. John Wilkins, an early English advocate of Copernicanism, reported that one of the most common objections he had encountered to the Copernican system was that it elevated human beings above their proper station.52

Kepler’s Correlation of Theology and Natural Philosophy

Two themes in Kepler’s natural philosophy require further discussion, in the light of its place in our overall project of reflection and recovery of natural philosophy. Kepler is an important witness to what some might now consider to be an inappropriate transgression of disciplinary boundaries, but which appeared to Kepler himself as natural and legitimate moves within a wider understanding of knowledge. Every natural philosophy is shaped by a wider framework of understanding; in the case of Kepler, this was framed by a Lutheran understanding of the place of a knowledge of nature, and a Trinitarian understanding of the nature of God.53 Kepler did not see these as competing, but rather wove them into his overall vision of the purpose and place of natural philosophy, enfolding domains of knowledge which might now seem disconnected, yet were to him aspects of a greater whole.

Kepler’s mathematical metaphysics was based on the informing theological belief that God had created the natural world according to certain ‘archetypes’ expressed through an essentially geometric order. For Kepler, the human mind, which bears the ‘image of God’,54 is shaped in such a manner that sensitizes it to patterns within the created order, and their potential implications. In his Harmonices Mundi (‘The Harmony 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, and that humanity was endowed with faculties intended to allow these archetypal patterns to be discerned.

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.55

This leads to the second point of interest. The reader of Kepler’s main works—especially Harmonices Mundi—is struck by its pervasive theme of harmony, in which the universe is perceived to possess an archetypal pattern which is ‘mathematical in nature and aesthetic in character’.56 The use of the musical concept of ‘harmony’ is critically important here, not simply as an analogy for cosmic order, but as a fundamental aspect of that ordering, and the capacity of humanity to recognize it. Kepler himself suggested that the movements of the heavens could be understood as an ‘everlasting polyphony’—a harmony which, though not audible, was certainly intelligible.57 The complex interconnections that Kepler recognizes between music, mathematics, aesthetics, and astronomy has significant roots in the classical tradition, being seen as having some deeper rooting in the structures of the cosmos.58

For Kepler, the notion of harmony did not merely assist natural philosophy in interpreting the world; it offered a pattern for its relationship which called out to be put into action—in other words, to make the structures of the social world parallel the harmony of the natural world. The motif of ‘harmony’ can be shown to inform Kepler’s scientific, theological, and political thinking at a time of social upheaval and communal tensions.59 This point is of wider importance, as Kepler himself appreciated. As Daniel Chua has pointed out in an important study of the musician Vincenzo Galilei (the father of Galileo Galilei), musical harmony was seen in this cultural context as holding everything together within the ‘great chain of being’, so that music ‘was not simply an object in the natural world, but the rational agent of enchantment itself’.60 Kepler’s reflections on the ‘harmony of the world’ reflect a perception of the interconnections of astronomy, music, and mathematics that reaches back to the Hellenic era,61 and was consolidated through the inclusion of these fields in the medieval university quadrivium.62 Kepler clearly saw an association—whether intuited or culturally acquired—between these multiple disciplines, and incorporated these into his natural philosophy.

Kepler’s contributions to natural philosophy chiefly take the form of reflections on Tycho Brahe’s astronomical observations, undertaken with the naked eye. Although Kepler made significant contributions to the understanding of optics,63 he did not use telescopes to augment natural human vision, or reflect on the issues of interpretation that arose from this technological extension of the range of the human eye. In turning to consider the contributions of Galileo Galilei, we are confronted with a question that has become of increasing importance in modern philosophy of science: the question of the observability of nature.64

Galileo: Natural Philosophy and the Extension of Human Vision

While Galileo made significant contributions to the development of the Copernican theory, and is regularly cited in discussions about the relation of science and religion,65 his significance for the purposes of this present study lies in his use of the telescope to study the heavens. This optical instrument extended the range of human vision beyond its natural limits, allowing access to a greater horizon of entities and events.66 The invention of the telescope is generally dated to 1608. It is known that several Dutch telescopes had been distributed in Italy between May and August 1609.

A year later, Galileo constructed his own telescope, and used it to study the heavens.67 It was a small instrument by today’s standards.68 Galileo may not have been the first to use such an instrument to observe the heavens; he was, however, able to interpret his observations in ways that significantly advanced discussion of important issues in natural philosophy. Galileo was a good artist, and was able to draw the patterns of light and shade that he observed on the face of the moon,69 as well as note the dense starfields of the Milky Way, and the changing positions of the four faint starlike objects he observed close to the planet Jupiter between December 1609 and January 1610.

Each of these three sets of observations deserves closer attention. The first set related to the moon. Galileo’s telescope disclosed that the face of the moon was not perfectly smooth, thus calling into question the Aristotelian belief that the celestial bodies, such as the moon, were perfect. Although most accounts of this discovery report that Galileo ‘observed mountains on the moon’,70 this simple statement needs to be nuanced significantly. What Galileo actually observed were two dimensional patterns of light and shade; he interpreted these as lunar mountains and valleys. Galileo used a sophisticated analogical argument, embodying Renaissance theories of perspective,71 which allowed him to conclude that these changing patterns of light and dark on the surface of the moon were evidence for the existence of mountains and valleys, analogous to those found on earth.72

The second set of observations related to the Milky Way and Ptolemaic nebulae—such as the fuzzy patch of light in the constellation of Cancer, now known as ‘Messier 44’. In every case, objects that seemed ‘nebulous’ turned out to consist of individual stars, which could be resolved individually through the increased light-gathering power of Galileo’s telescope. Galileo rightly concluded that certain objects that appeared to be misty patches of light were actually made up of individual stars; yet he seems to have wrongly believed that all such patches of nebulae could be resolved in this way. As is well known, the eighteenth-century British astronomer John Herschel changed his mind on the idea of ‘nebulosity’, initially believing that such patches of light were simply ‘clusters of stars in disguise’, and would be resolved into individual stars by sufficiently powerful telescopes, before realizing that some such objects could not be resolved in this way.73

The third set of observations concerned the planet Jupiter which appeared as a disc rather than as a point of light when seen through a telescope. What attracted Galileo’s attention, however, were four stars arranged in a straight line close to the planet Jupiter, which changed their positions nightly. What Galileo observed were four starlike objects whose positions changed over time with respect to Jupiter; Galileo then interpreted these four objects as moons that were orbiting the planet.74

At that time, debates about the solar system focused on two rival models: Kepler’s view that the earth and other planets orbited the sun, initially set out in his Mysterium cosmographicum (1596) and refined in Harmonices Mundi (1619), and Tycho Brahe’s modified geocentric cosmology, set out in his 1588 work De mundi aetherei recentioribus phaenomeni (‘Concerning Recent Phenomena in the Celestial World’, 1588). Once he had concluded that these starlike objects were best understood as moons orbiting Jupiter, Galileo realized that this interpretation had important implications for the evaluation of Kepler’s model in relation to Tycho’s. He therefore published his findings, with appropriate illustrations, in his pamphlet Siderius Nuncius (‘Starry Messenger’) in March 1609. Galileo named these four moons ‘the Medicean Stars’ in honour of his former student Cosimo of Medici; in the end, however, the four names proposed by Simon Marius in 1614—Europa, Io, Ganymede and Callisto—found wider acceptance.75

Galileo’s discovery subverted a classic objection to Kepler’s heliocentric model: the uniqueness of the earth in possessing a moon. In the Ptolemaic and Tychonian models, the moon was only one of a number of bodies to orbit the earth; according to Kepler, the moon was the only object to orbit the earth. This exceptionalism was seen by some critics as indicating that Kepler’s system was implausible. Galileo’s demonstration that Jupiter also possessed satellites indicated that the earth was not alone in this respect. Other observations confirming Kepler’s model followed after the publication of Siderius Nuncius. In December 1610, Galileo observed the changing phases of the planet Venus, very similar to those of the moon. For Galileo, these phases only made sense within the context of a Copernican model of the solar system, in which Venus orbited the sun.

Galileo’s application of the telescope to extend discussion of the themes of natural philosophy was paralleled several decades later by the use of the microscope to disclose a hitherto unobserved biological world. This led the English natural philosopher John Wilkins to remark that ‘’tis certain that our senses are extreamly disproportioned for comprehending the whole compasse and latitude of things.’76 Other natural philosophers of this age, such as Margaret Cavendish, were, however, apprehensive of substituting artificial technology for natural human vision.77 The point remains important today; the philosopher of science Bas van Fraassen continues to express concerns about transgression of the limits of human vision, noting its implications for a realist account of the natural world.78

Galileo and the Language of Mathematics

Yet Galileo is of importance to the development of natural philosophy in another way—the suggestion that mathematics is the language of nature.79 This point is made clearly in his defence of natural philosophy over and against humanly constructed philosophies. In arguing that natural philosophy is grounded in the natural order, rather than being a human invention, Galileo turns to consider the language in which this natural philosophy is written.

[Natural philosophy] is written in this grand book – I mean the universe – which stands continually open to our gaze, but it cannot be understood unless one first learns 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 comprehend a single word of it.

Galileo here draws on the Renaissance metaphor of ‘God’s Two Books’—nature and the Christian Bible—which share the same author, but take different forms.80 To read either requires knowledge of the languages in which it is written, and the appropriate hermeneutical tools to make sense of it.81 The Bible was written in Hebrew and Greek; the natural order is written in the ‘language of mathematics’.

Galileo’s statement that the book of nature is written in mathematical language is open to several interpretations. It might, for example, be construed as an affirmation of the intellectual autonomy of natural philosophy,82 or perhaps of the accountability of the natural philosopher to the objectivities under consideration. Yet Galileo’s approach is more naturally to be interpreted as a simple statement of mathematical realism, holding that ‘mathematical entities are ontologically independent from us and that the physical world has a mathematical structure.’83 Yet the implications are clear: to understand nature, one must master its language.

Natural philosophy is thus a human response to the ‘book of nature’ which is more trustworthy and secure than other philosophical or theological approaches.84 The problem is that lex divina, being disclosed through a text, requires interpretation—and it is often difficult to secure closure on such interpretative disputes. But lex natura transcends such disputes; there is only one way of interpreting nature, so that the matter can be resolved.85 Having already insisted that natural philosophy is something discovered or discerned, not invented, Galileo then makes an interpretative move which further privileges the natural philosopher. The ‘Book of Scripture’, Galileo suggests, is accessible to everyone on account of divine self-accommodation in revelation; yet this leads to interpretative pluralism and uncertainty.86 The ‘Book of Nature’ is only accessible and intelligible to those who are mathematically competent, in that it offers no accommodation to those who are unwilling or unable to learn its mathematical language. If nature is to disclose its wisdom, there is a significant restrictive entry barrier.87

The importance of this point is best appreciated by considering Francis Bacon’s critique of the specialist trade guilds and the universities, both of which he considered to have erected inappropriate barriers to the wider social dissemination of knowledge and wisdom. Bacon was particularly critical of ‘the exclusivity both of the guilds, where practical information is esoteric by virtue of keeping knowledge or techniques within a trade or profession to which access is then restricted, and of the universities, where an esoteric and often convoluted language renders information inaccessible to all but those accepted into the university system’.88 Galileo’s vigorous defence of the necessity of mathematical literacy on the part of natural philosophers pointed towards natural philosophy becoming the preserve of an educated social elite.

The significance of this point is perhaps best appreciated by reading a popular work of natural theology, which was widely copied and circulated in the Iberian peninsula during the sixteenth century. In his Liber naturae sive creaturarum (‘Book of Nature and the Creatures’) the Catalan writer Raymond de Sebonde (c.1385–1436) spoke of the importance of the accessibility of knowledge of God through contemplation of the natural world for those who were unable to read, or did not have access to the Bible or theological works.89 While Galileo did not deny that most could appreciate the beauty and wonder of the natural world, the task of understanding it properly was restricted to those with the necessary mathematical tools.

We now turn to consider the experimental natural philosophies that emerged in England during the earlier modern period, focusing on Francis Bacon, Robert Boyle, and Isaac Newton.
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English Natural Philosophy

Bacon, Boyle, and Newton

The seventeenth century is widely regarded as marking a ‘Golden Age’ of natural philosophy in England. Its leading advocates and practitioners—particularly Francis Bacon, Robert Boyle, and Isaac Newton—propelled the field to new heights, generating considerable interest both in the study of nature itself, and how this could be represented theoretically. While this troubled century in English history witnessed growing religious tensions, as well as the rise of forms of atheism—some tentative and reluctant, others confident and assertive1—the dominant sentiment of this age was belief in a God who created an ordered universe which the human mind could grasp, however imperfectly. Natural philosophy came to be seen as enfolding both the discovery of the rational order of the natural world, and allowing this to act as a gateway to ‘a community of values that was not dependent upon any particular religious confession’.2 Yet such an understanding of the natural world was not seen as an end in itself, but as part of a process of intellectual, moral, and spiritual refinement of the natural philosopher. Like their counterparts in ancient Greece, many English natural philosophers saw a clear link between acquiring a theoretical understanding of the natural world, and improving the moral and spiritual quality of human life.3

Political stability began to return to England after the extended period of the Civil War and Puritan Commonwealth (1642–60). The restoration of the monarchy was seen by many as a sign of a new era of progress and intellectual development. One of Charles II’s first acts was to grant a royal charter to the Royal Society of London, which quickly established itself as the institutional embodiment of the new natural philosophy, and made frequent statements to the effect that it had adopted Baconianism as its working method.4 A meeting on 28 November 1660 at Gresham College, London set out ‘a design of founding a college for the promotion of physico-mathematical experimental learning’.5 Although the new Society wanted to establish its own dedicated premises, accommodation difficulties resulting partly from the Great Fire of London (1666) led it to continue its association with Gresham College until the early eighteenth century.

So what was this ‘physico-mathematical experimental learning’ that the Royal Society adopted, and which was seen by its early apologists as defining its intellectual and cultural mission?6 To find out, we shall consider the approach to natural philosophy set out by Francis Bacon, especially in his Novum Organum (1620).

Francis Bacon: Natural Philosophy and the Improvement of Humanity

To the best of our knowledge, the phrase ‘experimental science’ was first used in English in 1570 to translate the Latin term scientia experimentalis, particularly as this phrase was found in the writings of Nicolas of Cusa.7 While many earlier studies of Bacon’s natural philosophy detached his philosophical method from his wider cultural concerns,8 there is a growing appreciation that Bacon’s natural philosophy has both theological and political aspects. Bacon distinguishes his ‘philosophy of nature’ from that of the ‘Grecians’, which he considers to largely consist of debates about words, and that of the ‘Alchemists’, which he considers to rest on ‘imposture’, ‘auricular traditions and obscurity’.9

While it is difficult to capture the essence of Bacon’s distinctive approach, Stephen Gaukroger helpfully identifies one of its central themes: a concern with ‘the understanding of and reshaping of natural processes’.10 To understand nature is to be able to redirect nature for the improvement of the human condition. The idea that an attentiveness to the natural world could be a ‘propaedeutic to self-betterment’ is encountered in many writers of the late fifteenth and sixteenth centuries.11 While Bacon would not dissent from this judgement, his emphasis lay on ‘social-betterment’, achieved through an understanding of the natural world that led into the use of nature for the advancement of human ends.12 This aspect of Bacon’s natural philosophy has led some to interpret him as an apologist for the exercise of human power and dominion over nature.13

Bacon considered natural philosophy to be a means to an important end. Knowledge of nature was not something ‘barren’, but had the potential to produce outcomes that were of advantage to humanity. This goal was grounded on an experimental, natural-historical, and broadly inductive approach to the natural sciences, coupled with the institutionalization of scientific experimentation and knowledge production in a quest for objectivity. An important distinction should be drawn here between two forms of natural philosophy, ‘speculative’ and ‘experimental’, that are encountered at this time. Peter Anstey explains this distinction as follows:

Speculative natural philosophy is the development of explanations of natural phenomena without prior recourse to systematic observation and experiment. By contrast, experimental natural philosophy involves the collection and ordering of observations and experimental reports with a view to the development of explanations of natural phenomena based on these observations and experiments.14

Like many English thinkers of his time who took an interest in what would now be understood as science, Bacon held that religion and natural philosophy ‘should be kept separate’, while at the same time holding that ‘the two were complementary to one another’.15 We thus find Bacon entwining religious and scientific themes at points, even though he clearly regards them as distinct. For example, in his Novum Organum, Bacon set his basic principle of working for human improvement against an informing (though not determining) theological context:

There cannot but follow an improvement in man’s estate, and an enlargement of his power over nature. By the Fall, man fell from both his state of innocence and from his dominion over creation. But even in this life both of those losses can be made good; the former by religion and faith, the latter by arts and sciences.16

Although Bacon pressed the case for an experimental natural philosophy, like many at the time, he drew on theological accounts of the human situation in offering his solution for its improvement.

There is a clear shift here from the earlier Renaissance idea of natural knowledge as edification, something that was good in itself, to the idea of communally gained natural knowledge as a means of securing and exercising power over nature.17 For Bacon, this includes the possibility of extending the human lifespan.18 Bacon uses the language of instauratio to speak of this great change in the place and role of humanity within the world.19

The first [ambition] is of those who desire to extend their own power in their native country; which kind is vulgar and degenerate. The second is of those who labour to extend the power of their country and its dominion among men. This certainly has more dignity, though not less covetousness. But if a man endeavour to establish [instaurare] and extend the power and dominion of the human race itself over the universe, his ambition (if ambition it may be called) is without doubt both a more wholesome thing and a more noble than the other two. Now the empire of man over things depends wholly on the arts and sciences.20

It will be clear that the goals of Bacon’s natural philosophy diverge from those of earlier writers in this tradition. But what of the methods that Bacon uses in developing this philosophy? For many, Bacon represents a landmark statement of an experimental natural philosophy, which needs to be given careful consideration.

Bacon’s Experimental Natural Philosophical Method

The third part of Bacon’s Novum Organum is devoted to the question of natural philosophical method.21 Bacon locates his discussion within the cultural context of increasing anxiety about the possibility of securing reliable knowledge. For Bacon, such knowledge is best acquired through ‘a Natural and Experimental History’, characterized by the investigation of nature, and the ordered presentation of what is observed. ‘We are not to imagine or suppose, but to discover, what nature does or may be made to do.’22 We cannot predetermine nature’s structures or processes, but must discover them through reflective observation and experimentation. Nature must be ‘ranged and presented to view in a suitable order’, so that an inductive method can be used to interpret these observations.23

Although some have treated Bacon as setting out a ‘naïve empiricism’, which is inattentive to the role of generating hypotheses in advancing knowledge, this judgement seems unfair. Bacon clearly indicates that some degree of speculation or hypothesis-building is necessary in order to move beyond the aggregation of observational particularities into the development of natural philosophy in a fuller sense of the term.24 For Bacon, it was possible to derive axioms ‘from the senses and particulars, rising by a gradual and unbroken ascent, so that it arrives at the most general axioms last of all’.25 The Baconian inductive process thus represents an ascent from the particularities of empirical observation to a plausible set of broader generalizations.

So how is reliable human knowledge to be acquired? Bacon’s starting point is to recognize how human thinking can be skewed and distorted by inherited patterns of thought. This idea resonated with a theological concern of the period—namely, the belief that original sin contaminated or distorted the human capacity for reasoning, thus leading to unreliable conclusions. While this concern could be restated in non-theological terms, it emerged as a significant issue in the late sixteenth century.26 Kepler, for example, followed the leading Lutheran theologian Philip Melanchthon in arguing that mathematics and geometry were not compromised in this way by sin, and could both be grasped by the ‘natural light’ of human reason and used to mirror the structures of the universe.27

Bacon claims that four internal impediments to knowledge, which he terms ‘Idols of the Mind’, can lead to significant misreadings and misunderstandings of nature. Bacon’s intention here is to highlight how we can become trapped within a web of false productions of the human imagination, which arise from the ‘crooked mirror’ of the human mind.28 ‘I call the first, Idols of the Tribe; the second, Idols of the Cave; the third, Idols of the Market Place; and the fourth, the Idols of the Theatre.’29 Each of these ‘Idols’ subverts a true understanding of the world by ‘besetting’ the mind through conventional misreadings of the world, cultural and social pressures, or ‘attachment to preconceived ideas’—such as the idea that planetary orbits are necessarily circular. A method of inquiry is necessary that is able to neutralize or overwhelm these natural cognitive deficiencies. For Bacon, ‘the proper remedy to be applied for the keeping off and clearing away of idols’ is the ‘formation of ideas and axioms by true induction’.30 A natural philosophy thus corrects the failings of human reason, when left to its own devices.

For Bacon, induction is both empirical and rational, involving the observation and interpretation of nature, coupled with an experimental method devised to resolve points of ambiguity or uncertainty. Bacon’s central concern is to be able to go beyond merely noting and documenting the surface appearances of reality, and to penetrate to the reality that lies behind them.31 After considering the possible methods of investigation of nature, he concluded that the best method is the gathering of observations or facts about nature and proceeding to the detection of patterns within nature. His overall strategy is to begin with experience of the world, and infer certain first principles on this basis, and then inferring from these first principles what experimental methods might be devised to confirm or extend this knowledge. Gaukroger summarizes Bacon’s approach as follows:

[Bacon’s] aim is a twofold one, reminiscent of the regressus theory that had dominated discussions of method in the sixteenth century: to move inferentially from experience to first principles, and then to move inferentially from these first principles to new experiments.32

To reiterate a point made earlier, Baconian induction is not to be seen as a naïve empiricism, the mere gathering of facts, followed by an attempt to develop an orderly presentation or tabulation of these observed particulars.33 This is unquestionably part of Bacon’s method; yet it is only its starting point, not its conclusion. Bacon’s fundamental concern is to explain why these patterns, and not others, are observed in nature. To answer this question, we need to explore ‘the remoter and more hidden parts of Nature’ through experimentation to understand the patterns of behaviour or organization that we observe in nature.34 It is through experiments that we are able to remove ‘the mask and veil from natural objects, which are commonly concealed and obscured under the variety of shapes and external appearances’.35 (This concern to penetrate beneath the visibilia of the natural world may well help us understand the importance attached to the invention of the microscope, and its use by Robert Hooke.36)

Bacon was thus clear that the accumulation of facts was an important and necessary prelude to their interpretation. In his Novum Organum Bacon sets out a set of aphorisms contrasting those who merely collect facts and observations and those who generate their ideas without any reference to the external world. Bacon, it must be made clear, respected those who constructed ‘histories’ (collections of experimental results and accurate observations); his criticism was that these facts required interpretation. Insisting that the human mind must generate ideas in response to what is observed in the natural world, rather than invent or inherit such ideas and force nature to conform to them, Bacon suggests that the humble bee might offer a model for a ‘true [natural] philosophy’.

Those who have handled science have been either men of experiment or men of dogmas. The men of experiment (empirici) are like the ant, they only collect and use; the reasoners (rationales) resemble spiders, who make cobwebs out of their own substance. But the bee takes the middle course: it gathers its material from the flowers of the garden and field, but transforms and digests it by a power of its own (propria facultate vertit et digerit). Not unlike this is the true business of philosophy.37

Reflection on observations of the natural world thus leads not merely to the generation of theories concerning the world, through the intellectual digestion and assimilation of what is observed, but to the correction of views that are discovered to be empirically contestable. For Bacon, an experimental natural philosophy possesses an internal capacity for self-correction without a corresponding parallel in philosophy or theology.

The forms of experimental natural philosophy which developed from Bacon’s approach held that observation and experiment, understood in general terms as activities that produced ‘facts’, had epistemic priority over hypotheses and general principles in the acquisition of knowledge.38 These ‘facts’ might arise from direct sensory observation or from the manipulation of observed objects by the use of instruments. This new approach involved an invasive ‘penetrating interrogation of nature’ through various means, rather than the ‘respectful observation’ which was characteristic of Aristotelian science.39 Yet these facts might take two different forms: experimenta lucifera (‘luciferous experiments’) aiming to discover (or cast light on) underlying causes of phenomena; and experimenta fructifera (‘fructiferous experiments’), which may yield practical or economic outcomes, but do not advance an understanding of the natural world.40 While Bacon’s agenda of human dominion over nature led him to see fruitful experiments positively, he considered them to lack the intellectual significance of illuminating experiments. Dominion over nature ultimately required an understanding of nature and its processes, in order that these might be redirected for the public good.

Bacon’s legacy is contested, both in terms of how ‘Baconism’ is to be understood, and what its significance has been, particularly in relation to the emergence of the scientific method. In his recent tendentious account of the development of the natural sciences, Steven Weinberg treats him as something of an irrelevance.41 Edward O. Wilson, however, sees Bacon as being something of an intellectual colossus, shaping the future development of western thought into the period of the Enlightenment.42 Bacon’s views on the experimental method are clearly underdeveloped; they could, however, be extended and refined. This process is probably best seen in the works of Robert Boyle, widely regarded as the epitome of a ‘natural philosopher’, who we shall consider in the next section.43

Robert Boyle: Interpreter of a Baconian Natural Philosophy

Born in south-east Ireland, Boyle made his way to Oxford in 1655, where he established himself in some rented rooms close to University College.44 While there are no good reasons for supposing that he ever held a university or college appointment during his time at Oxford, Boyle clearly found it to be an excellent base for developing his natural philosophy, of which chemistry was an important part.45

Although Boyle appears to have been well-read in the Greek and Latin classics, he was strongly critical of ‘speculative’ approaches to natural philosophy that he found in Aristotle and the classical tradition.46 Boyle is generally agreed to have played an important role in the gradual displacement of Aristotelianism by a mechanical natural philosophy, in which natural phenomena were explained on the basis of the motion of inert particles of matter.47

Boyle argued for an approach which aimed to penetrate beneath the surface of the natural world through careful and detailed observational analysis rather than being constrained by preconceived interpretations of nature, such as that of Aristotle.48 Observation of nature leads to intentional experimentation upon nature to test (Boyle regularly uses the term ‘prove’ in the sense of ‘put to the test’) the reliability of certain hypotheses. Boyle makes this point in commending the virtuosi who

consult Experience both frequently and heedfully; and, not content with the Phaenomena that Nature spontaneously affords them, they are solicitous, when they find it needful, to enlarge their Experience by Tryals purposely devis’d; and ever and anon Reflecting upon it, they are careful to Conform their Opinions to it; or, if there be just cause, Reform their Opinions by it. So that our Virtuosi have a peculiar Right to the distinguishing Title that is often given them, of Experimental Philosophers.49

Following Bacon, Boyle stressed the importance of accumulating observational and experimental data, seeing the harvesting of these facts not as an end in itself, but in order to generate understanding through the proposal and subsequent testing of hypotheses and theories.50

It was not my chief Design to establish Theories and Principles, but to devise Experiments, and to enrich the History of Nature with Observations faithfully made and deliver’d; that by these, and the like Contributions made by others, men may in time be furnish’d with a sufficient stock of Experiments, to ground Hypotheses and Theories on.51

Boyle’s forty-three air-pump experiments of 1660 indicate the scope and value of this experimental method, particularly in relation to clarifying aspects of the respiratory process.52

In an early work entitled ‘Of the Study of the Booke of Nature’, Boyle spoke of his decision to supplement this study by engaging two other ‘Books’—the Bible, and Conscience.53 Boyle does not appear to have pursued this idea of ‘Three Books’; like many writers of this age, Boyle settled on the established Renaissance metaphor of ‘God’s Two Books’ to establish a conceptual and semiotic link between his natural philosophy and the world of religion. Although the origins of this metaphor can be traced back to the early Middle Ages, it became increasingly important during the sixteenth and seventeenth centuries.

The notion of a ‘Book of God’s Works’, which expands or enacts the ‘Book of God’s Words’, offered an intellectual imaginary of particular significance in the early modern period, that held together two distinct understandings of the natural world, with the potential for convergence on the one hand, or divergence on the other—the world as God’s creation, and the world as an object of scientific study. As Thomas Burnet pointed out, truths arising from these divergent disciplines could at least be held together, if not woven together: ‘We are not to suppose that any truth concerning the natural world can be an enemy to religion.’54 Sir Thomas Browne, an important representative of early modern natural philosophy in the generation before Boyle,55 considered this image to be foundational in holding together a coherent philosophical and religious account of the world.

Thus there are two books from whence I collect my Divinity; besides that written one of God, another of his servant Nature, that universal and public Manuscript, that lies expans’d unto the eyes of all; those that never saw him in the one, have discovered him in the other.56

Boyle was one of many to deploy this metaphor. ‘The World is the great Book, not so much of Nature, as of the God of Nature, which we should find ev’n crowded with instructive Lessons, if we had but the Skill, and would take the Pains, to extract and pick them out.’57 In an early reflection, Boyle remarked that he would spend his Sundays studying the ‘Booke of the Creatures’, and occasionally ‘trying those Experiments that may improve my Acquaintance with her’.58 Yet Boyle is clear that these Books are different, requiring different modes of ‘reading’, and leading to different outcomes, even if these were capable of correlation or even integration. Both natural philosophy and theology speak about God and the world; but they use different means of representation in doing so, and hence demand different interpretative approaches.59 Boyle thus advocated a ‘physico-theological’ reading of nature, seeing this as a spiritual exercise which moved away from a theoretical detachment from nature towards the cultivation of a reverential attitude towards the natural order, on account of what it represents.60

Boyle on the Purposes of Natural Philosophy

So what benefits did natural philosophy, as Boyle understood it, bring to those Virtuosi who practised it?61 England was severely shaken by the Civil War and its aftermath in the middle of the seventeenth century. It became clear that Christians might read the same Bible, yet draw different, and often radically divergent, theological and political conclusions from their reading—without being able to agree upon any ultimate authority by which such interpretative disputes might be resolved.62 Three broad strategies may be discerned as emerging from this period of social and intellectual confusion. The first, famously advocated by John Locke in his ‘Letter Concerning Toleration’ (1689), was that since such religious disagreements could not be resolved consensually by any existing authority, it was necessary to find ways of tolerating such disagreement.63 The second was to suggest that human reason stood above the ambiguities and uncertainties of biblical interpretation experienced by religion. By recognizing the supreme authority of human reason, such seemingly insoluble disputes could be resolved, if they could not be avoided.64

The third approach is Boyle’s: engaging with the natural world allows a clarity of thought and the application of processes of confirmation which minimize disagreement. As Stephen Gaukroger points out, Boyle argued that ‘an empirical understanding of the natural world can be promoted as revealing God’s purposes in a way that avoids sectarianism.’65 Boyle clearly saw natural philosophy as a way of engaging theological questions that was free of the confessional religious commitments and tensions that had arisen in England since the English Civil War. Natural philosophy was a means of doing theology, shorn of the inconclusive debates of the age concerning ecclesiastical authority and biblical interpretation. From about 1690, ‘physico-theology’ (from the Greek term physikos, ‘natural’) came to be seen as a form of theology which arose from the application of the methods of natural philosophy.

Engaging the world of nature thus transcended religious partisanship—a point that is sometimes linked with suggestions of ‘Latitudinarianism’ within the Royal Society in the late seventeenth century.66 Its focus on pursuing a natural philosophy gave a coherence to the institutional identity of the Royal Society, particularly during the period of religious and political instability preceding the ‘Glorious Revolution’ of November 1688. Although Boyle did not, to my knowledge, develop this point, the pursuit of a natural philosophy clearly enabled the emergence of an international scientific ‘Republic of Letters’, in which national and religious concerns were seen as subordinate to a more universal understanding of the natural world, resting on certain agreed methods of investigation and reasoning.67

Yet Boyle’s most interesting reflections on the utility of natural philosophy concern the quality of the human engagement with nature it facilitates, which is clearly understood to be affective, not merely cognitive, eliciting admiration and wonder as well as understanding.68

The Book of Nature is to an ordinary Gazer, and a Naturalist, like a rare Book of Hieroglyphicks to a Child, and a Philosopher: the one is sufficiently pleas’d with the Odnesse and Variety of the Curious Pictures that adorne it; whereas the other is not only delighted with those outward objects that gratifie his sense, but received a much higher satisfaction in admiring the knowledge of the Author, and in finding out and inriching himself with those abstruse and vailed Truths dexterously hinted in them.69

The image of hieroglyphics immediately points to the need for an observer to be trained in the symbols or language of nature, if it is to be understood.70 The natural philosopher is privileged and educated, and thus able to see aspects of the natural world that would not be accessible to the unlearned—a theme we noted in the previous chapter (pp. 61–2).

Boyle can be seen a transitional figure between an anthropocentric view of the natural world, which holds that it was created for human benefit, and a more expansive view hinted at in the writings of John Ray in the 1690s, and stated more explicitly two decades later by writers such as William Derham, who remarked that an increasing appreciation of the vastness of the universe offered a ‘far more extensive, grand, and noble view of God’s works’ than that of the ‘old vulgar opinion, that all things were made for man’.71 Hints of this older view are still found in Boyle’s works; it is, however, clear that a process of recalibration of both the status and responsibilities of humanity within the natural world was in the process of emerging.

The forms taken by the ‘natural philosophy’ of the seventeenth century cause some difficulties for those historians of the natural sciences, anxious to trace the historical origins of their disciplines, yet who struggle to cope with the obvious interest shown by writers such as Kepler, Galileo, Boyle, and Newton in questions of theology, which they clearly considered to be part of their ‘natural philosophy’.72 These cannot be dismissed simply as deferential gestures to a religious culture, in that at multiple points theology is allowed to inform the interpretation of nature—for example, in Kepler’s grounding of mathematical archetypes in the mind of God.73 Newton himself was clear that God had to be included within the purview of any responsible natural philosophy. His General Scholium declared that ‘discoursing’ of God ‘from the appearances of things, does certainly belong to Natural Philosophy’.74 This naturally leads us to consider the importance of Newton for the shaping of early modern natural philosophy in greater detail.

Newton’s Integrative Natural Philosophy

Isaac Newton’s Philosophiae Naturalis Principia Mathematica (‘The Mathematical Principles of Natural Philosophy’, 1687), is probably the best-known work of natural philosophy, and continues to attract close attention from historians and philosophers. Yet both this work, and Newton’s intellectual achievements in general, still tend to be read through the distorting prism originating from the French Enlightenment, which adopted Newton as a mascot for its own naturalist cultural projects.75 Phrases such as ‘Newtonian scientific worldview’ or ‘clockwork universe’ are still widely used to refer to this modernist, secular, and naturalistic interpretation of Newton’s natural philosophy.76 Newton certainly came to be associated in popular writing with the idea of a ‘clockwork universe’, despite the fact that he did not in fact develop such a notion, and the lines of argument he developed actually point against it.77

But how did this misreading of Newton take place? It is relatively easy to understand how Newton was adopted as a figurehead by movements with their own ideological agendas, anxious to draw upon his unparalleled international reputation as a genius.78 Yet the development of Newton scholarship in the twentieth century also contributed to this partial and inadequate account of Newton’s overall intellectual vision, including his natural philosophy. As Robert Iliffe points out,79 early twentieth-century studies of Newton focused on his mathematics, physics, and chemistry. His ‘alchemical’ and theological writings were at this stage often seen as peripheral to any serious study of scientific progress, if not deplorable aberrations from scientific orthodoxy, and his anti-Trinitarian theological views treated as if they were anticipations of the Enlightenment criticisms of the perceived irrationality of the doctrine of the Trinity.80 However, intense recent scholarly activity has led to a revision of our understanding of this period.81

By the late seventeenth century, natural philosophy had bifurcated into two distinct strands.82 On the one hand was a speculative natural philosophy, exemplified by Descartes’s vortex theory of planetary motions, which was characterized by the formulation of speculative hypotheses without attempting to ground these in experiment or observation, even if it was conceded that such hypotheses would aim to ‘save the phenomena’.83 On the other hand was an experimental natural philosophy, characterized by its commitment to observation and experiment, and hostile to the use of speculative hypotheses.

Although Newton was initially sympathetic to the form of natural philosophy set out in Descartes’s Principia Philosophiae (1644), he clearly moved away from such an approach. In his letter of 10 June 1672 to Henry Oldenburg, the first Secretary of the Royal Society, Newton made clear his own commitment to an experimental natural philosophical method:

The best and safest method of philosophizing seems to be this: first to search carefully for the properties of things and establish them by experiments, and then more cautiously to assert any explanatory hypotheses. For hypotheses should be adapted to the properties of things which require to be explained (ad explicandas rerum proprietates tantum accommodari debent), and are not to be used to determine them (non ad determinandas usurpari).84

Newton restated his commitment to such an experimental philosophy in a late reflection of 1715, in which he summarized his overall method thus:

It is not the Business of Experimental Philosophy to teach the Causes of things any further than they can be proved by Experiments. We are not to fill this Philosophy with Opinions which cannot be proved by Phaenomena. In this Philosophy Hypotheses have no place, unless as Conjectures or Questions proposed to be examined by Experiments.85

But did such reflection on phenomena lead to understandings of the world that were probably true, or perhaps even certainly true? In the 1660s, there was intense cultural suspicion within the circles of the Royal Society of the dogmatic certainties of religious ‘enthusiasts’, which had caused such social and intellectual disruption during the recent English Civil War. For most members of the Royal Society, it was important to remain ‘modest in opinions, avoiding both peremptory dogmatism and an unwarrantable Scepticism’.86 As Niccolò Guicciardini points out, the intellectual ethos of the Royal Society was ‘probability through patient collection of facts’, accompanied by a ‘sceptical avoidance of dogmatic certainty’.87 Joseph Glanvill’s Vanity of Dogmatizing (1661) reflects this distaste for ideological dogmatism and personal arrogance, which led to suspicions of the idea that the intellectual certainties of geometry had any parallel in an experimental natural philosophy.88 While Newton was aware of the limits of offering mathematical accounts of the natural world, his emphasis on the mathematization of nature placed him somewhat on the periphery of the prevailing consensus of the Royal Society.

This method was put into practice in his Philosophiae Naturalis Principia Mathematica (1687). To explore Newton’s approach, we shall consider what is probably the best-known instance of its application—the formulation of the principle of universal gravitation, and its application as a unifying principle in correlating terrestrial and celestial mechanics.89 The background to this is an explanatory difficulty that remained unresolved concerning Kepler’s theory of planetary orbits: why did the planets orbit in ellipses around the sun? In fact, why did they orbit around the sun at all? What was the physical basis for Kepler’s geometrical summaries (they were not yet described as ‘laws’) of the observed orbital motion of a planet around the sun?90 Newton was aware of the main themes of Kepler’s account of planetary motion, having encountered these indirectly (probably in 1685 or 1686) through Ishmaël Boulliau’s Astronomia Philolaica (1645).

During the 1660s, Robert Hooke began to frame a possible explanation, based on the notions of inertia and gravitation. The orbital motion of a planet, he suggested, was the consequence of ‘compounding’ its inertial motion along a straight line with an attractive motion towards the sun, resulting from its gravitational attraction.91 Yet Hooke experienced difficulties in expressing his physical principles of celestial mechanics mathematically, and in November 1679 wrote to Newton asking for his assistance. Scholarship remains divided on whether the eighteenth-century French mathematician Alexis-Claude Clairaut was right when he suggested that Hooke’s analysis makes it clear that there is a considerable distance separating ‘a truth that is glimpsed and a truth that is demonstrated’.92

Despite some questions which remain about the originality of Newton’s concept of universal gravitation, there is little doubt that Newton was able to mathematize this notion—and in doing so, demonstrated the potential of his natural philosophy to explain the deep structure of the solar system.93 The first two books of the Principia offered an essentially mathematical account of motion, without any commitment to metaphysical or ontological entailment. In the third book, Newton turns to consider how the mathematical and physical realms are to be correlated.

Two points may be highlighted. First, Kepler had established three general principles underlying the orbits of the planets; he was, however, unable to explain these principles. Newton was able to show that all three of what he now named Kepler’s ‘rules’ (regulae) of planetary motion could be explained on the basis of his theories of inertia and universal gravitation. Kepler had identified some important patterns; Newton demonstrated why those patterns existed in the first place, at the same time offering a predictive account of the future movements of the planets. He also extended their scope, asking his astronomer friend John Flamsteed to make precise observations of the movements of the four moons of Jupiter in December 1684, which he was able to show conformed to Kepler’s orbital rules.94 Moons orbiting planets beyond the earth thus obeyed the same laws of motion governing the moment of the planets round the sun. The forces that governed motion on earth seemed to work everywhere, in the same way. For example, Newton was able to show that celestial motion under an inverse square law of gravitational attraction would take the form of an ellipse (observed in the orbits of planets) or a parabola (observed in the orbits of certain comets).95

Second, Newton showed that the same fundamental rules that applied to motion below the moon (i.e., on earth) also applied beyond the moon (i.e., in the case of the planets). The importance of this point is easily overlooked today, when the notion of the ‘sublunary’ world no longer has the imaginative significance that it did for many in the seventeenth century (see pp. 53–4). Newton’s analysis demonstrated that the same fundamental principles seemed to operate throughout the known universe of his day. This is an important example of ‘theory unification’, demonstrating how terrestrial phenomena such as the tides of the sea (and the falling of apples) and celestial phenomena such as the movements of the moon and planets could all be accounted for on the basis of the same principle of universal gravitation.96 What had once seemed to be disconnected could now be held together within the scope of a grander theoretical perspective, suggesting that the universe was more ordered and coherent than some had feared. Newton’s international reputation as a genius often rested on this seemingly preternatural capacity to make connections between apparently disconnected phenomena.97

Newton’s demonstration of cosmic coherence showed that certain fundamental forces and principles seemed to apply throughout the observable universe, and even to be transferable to the social and political orders.98 Alexander Pope’s tribute to Newton following his death in 1727 is well known, taking its cue from Newton’s remarkable illumination of the nature of light, set out in his Opticks:99


All Nature and her Laws lay hid in Night.

God said, Let Newton be! and All was Light.



Other poetic celebrations of his genius went further, often suggesting a link between Newton as a natural philosopher and the enhanced appreciation of the natural world that resulted from the penetrating cosmic vision he created. Significantly, at this stage Newton is often presented as a sage or visionary who empowers the poetic imagination, not someone who suppresses that imagination and restricts its scope.100 Yet it has to be conceded that Newton’s emphasis on the regularity and order of the natural world was too easily reconceptualized in mechanical metaphors, such as a ‘clockwork universe’ or God as a ‘watchmaker’—an image that was artfully redeployed by William Paley in his Natural Theology (1802) to reaffirm the rationality of religious belief.

Physico-Theology: The Religious Dimension of Natural Philosophy

We have already noted how the early modern concept of natural philosophy wove together domains of thought that today would be understood to belong to quite distinct disciplines—such as physics, biology, philosophy, mathematics, theology, and music. Yet more needs to be said about the form of natural theology that emerged in this period, and its importance for any understanding of the focus and limits of natural philosophy. Like many in this age, Boyle saw a seamless connection between the study of nature and religious belief. He considered that ‘the Discoveries [natural philosophers] make in the Book of Nature’ would lead them and others to ‘be excited and qualifi’d the better to admire and praise the Authour, whose Goodness does so well match the Wisdom they celebrate’.101 This recognizable variant of the ‘Priest in the Temple of Nature’ motif emphasizes the importance of the natural philosopher’s relationship with nature, seeing it not simply as an object for study, but as a potential source of wisdom.102

Religious concerns are an integral part of any account of the development of early modern natural philosophy, not least in their potential to offer a motivation for the attentive observation of the natural order.103 Galileo may have had differences with the institutional church of his day; this did not stand in the way of his productive engagement with questions of theological interpretation. Newton himself appears to have carefully demarcated his views about God arising from his natural philosophy (such as the concepts of space and action at a distance) from his more explicitly theological views, based on a reading of the Bible.104 Others, however, recognized that religious concerns offered a powerful motivation for the detailed study of nature as creation.

For example, Boyle notes that many philosophers, irrespective of their religious commitments, ‘have been, by the contemplation of the world, moved to consider it under the notion of a temple’.105 This motif of a ‘priest in the temple of nature’ should not be seen as a reversion to some natural religion, but rather to highlighting the privileged role of the natural philosopher, who having discerned the beauty and complexity of the natural world, feels obliged to revere, respect, and tend nature—and encourage others to share in this worship.106 Boyle was clear that an attentive engagement with the natural world was both cognitive and affective, changing both thought and behaviour.107 As Scott Mandelbrote has pointed out, Boyle and others held that ‘a cause and a consequence of the impulse to natural theology’ was the desire to worship the creator through ‘a proper appreciation of the form of his creation’.108

The category of ‘physico-theology’ dates from this period, and first makes its explicit appearance in Walter Charleton’s The Darknes of Atheism Dispelled by the Light of Nature: A Physico-Theologicall Treatise (1652).109 The prefix ‘physico-’ derives from the Greek term physis, ‘nature’. Some have interpreted physico-theology as anticipating the agendas of the Enlightenment; others have seen it as offering a defence of the rationality of Christianity in an age of growing secularization.110 In general terms, however, ‘physico-theology’ appears to be have been understood as a form of theology developed on the basis of the methods of natural philosophy—a knowledge of God drawn from reflection on the ‘Book of Nature’, rather than a knowledge of God based on reflection on the ‘Book of Scripture’.111 From the standpoint of orthodox Christian theology, such an approach would focus on the doctrine of creation, but would have nothing to say about the more controversial matters of Christology or the doctrine of the Trinity—two matters on which some natural philosophers, such as Newton, were reluctant to comment publicly.112

This might suggest a parallel between physico-theology and Deism, an approach to religious belief which focuses on the notion of God as creator and lawgiver. It is certainly true that Newton’s ideas were a catalyst to the emergence of both these movements;113 yet the nature of that catalysis was different in each case. The term ‘Deism’ designates a broad spectrum of individual opinions, rather than a well-defined coordinated movement, characterized by varying degrees of scepticism concerning both the rationality and utility of traditional religious beliefs. Deism takes too many historical forms to be plausibly enfolded within a single definition or history, even though it is helpful to think of it as a family of beliefs and attitudes.114

The intellectual origins of Deism, however, are perhaps better understood not to lie in ‘natural philosophy’, but rather in forms of rationalism that were critical or suspicious of certain traditional Christian doctrines, such as the incarnation and Trinity.115 Deism was thus framed antagonistically, in that it defined itself in relation to what it deemed to be incorrect. Deism and physico-theology may converge in at least some of their conclusions; yet these are attained by divergent intellectual pathways, and have different fundamental motivations.

It remains unclear whether physico-theology is to be distinguished from natural theology, or whether both represent potentially overlapping domains of a spectrum of knowledge. Some have suggested that physico-theology was ‘a distinctive intellectual project’, to be distinguished from natural theology, understood as an attempt to gain knowledge of God ‘by human reason alone’. Physico-theology should thus be seen as an essentially empirical approach to the natural world, which sought ‘to establish the compatibility of the new science with the biblical narrative’.116 While there are some difficulties with this view, not least the intellectual heterogeneity of the concept of natural theology,117 a case can certainly be made for suggesting that the introduction of the new term ‘physico-theology’ reflects a new and more empirically based approach to the relation of religion and the natural world.

This kind of approach offered a means of engaging religious questions without becoming involved in partisan and sectarian debates about the sources and norms of theology, which had become particularly significant in the fraught political and religious atmosphere following the English Civil War.

For Boyle, an early advocate of physico-theology, a theological understanding of the world may lie beyond the scope of natural philosophy; such a religious framework nevertheless offers an explanation of why such a natural philosophy is possible in the first place. In developing this general approach, Boyle sets out an important (and much-cited) distinction between ‘things that are above reason’ and ‘things that are contrary to reason’.118 This distinction is important in relation to Boyle’s concern that implications of excessively rationalistic views about nature impoverished human appreciation of its deeper meaning. Although Boyle’s caution about physico-theology partly reflects some theological concerns, his views fit in with the wider views of his culture—for example, echoed in Locke’s belief that God ‘providentially designs us with limited epistemic capacities in order to check our pride and to motivate us to seek perfection in God’.119

Margaret Osler has pointed out that scholarship has used two main metaphors to correlate Boyle’s natural philosophy with his theological interests.120 Some consider him to see theology and natural philosophy as two distinct and self-contained domains of thought which are nevertheless in harmony with each other; others suggest that he appears to use a method of a process of ‘appropriation and translation’, adapting concepts that originated from within a theological context to serve new purposes for natural theology. For Margaret Cook, this second model has the advantage of recognizing the ‘permeable, historically contingent boundaries between the two deeply connected discursive domains of theology and natural philosophy’,121 and perhaps helps us to understand why there are so many logical, empirical, and theological loose ends in the accounts of physico-theology of this age.

Newton did not himself contribute to the writing of such ‘physico-theological’ works; his natural philosophy, however, was widely taken up by others with such interests, and incorporated into tracts and sermons affirming the fundamental rationality of the Christian faith, which seemed to be confirmed by Newton’s dazzling demonstration of the ordering of the universe, grounded in its origins in the mind of God. The Boyle Lectures, established under the terms of the will of Robert Boyle and delivered annually over the forty-year period 1692–1732, represent perhaps the most sustained adoption of Newtonian natural philosophy in the service of theism in the early modern period.122 Poets such as James Thompson developed Newton’s natural philosophy as a tool for gaining an enhanced appreciation of the natural world, and coping with its seeming incoherence and instability.123 A good example of this is found in Thompson’s comparison of a ‘vulgar’ reading of the world as chaotic, dangerous, and threatening, with a superior reading through Newton’s ‘philosophic eye’. While others see disorder and lack of purpose, Newton allows us to see the harmony and order beneath the surface.124

Writing in 1611, before the dramatic interventions of the natural philosophy of Kepler, Galileo, and Newton, John Donne had expressed alarm at the implications of a ‘New Philosophy’ which ‘calls all in doubt’, seeming to rob the world of meaning and purpose. Donne’s ‘First Anniversarie’ had balefully proclaimed the fragmentation of a unified view of the world. ‘’Tis all in pieces, all coherence gone’.125 Newton, it seemed to many, had restored coherence to the world, showing its fundamental harmony and order.126 Like Kepler before him, he seemed to have achieved a harmonious synthesis, not merely of celestial and terrestrial mechanics, but of theology and natural philosophy.

Yet Newton’s legacy proved to be open to other interpretations. Newton had indeed highlighted the ordering and regularity of the universe; this subsequently led others—though not Newton himself—to compare the universe to a clockwork machine.127 And so what Herbert Odom nicely described as the gradual ‘estrangement of celestial mechanics and religion’ began to set in.128 By the end of the eighteenth century, Newton’s natural philosophy was associated with the notion of the created order as an autonomous mechanism which did not require divine support or intervention for its continuation.

In this chapter, we have considered what many regard as the ‘Golden Age’ of empirical natural philosophy. Yet the personal syntheses of Boyle and Newton began to fragment in the eighteenth century, and fall apart completely in the nineteenth. In the following chapter, we shall document this development, and reflect on its implications.
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The Parting of the Ways

From Natural Philosophy to Natural Science

The questions of precisely when, why, and how the ‘natural sciences’ became distinguished and then detached from ‘natural philosophy’ remain unresolved, partly on account of difficulties in definition and an absence of clear boundary-markers along the way. For many scholars, this transition happened episodically, perhaps over the eighteenth century, without any specific crisis or revolution that may be said to have precipitated it. John Herschel’s Preliminary Discourse on the Study of Natural Philosophy (1830) is perhaps the last statement of a ‘natural philosophy’ offering a comprehensive framework of engagement of nature, which embraced the question of humanity’s moral relation with the natural world and practices that were appropriate for the meaningful inhabitation of nature.1

Herschel’s work achieved the status of a minor classic, and was read with approval by many, including the young Charles Darwin as a final-year undergraduate at Cambridge University.2 Darwin later recorded his particular appreciation of Herschel’s reflections on the origins of species, which would motivate his own biological reflections: ‘Herschel calls the appearance of new species the mystery of mysteries, & has a grand passage upon the problem!’3 The proper study of nature, for Herschel, was religiously and spiritually fulfilling, and opened the way to reflection on how to enable the ‘collective wisdom’ of humanity to resolve ongoing social problems, by dealing with ‘those obstacles which individual short-sightedness, selfishness, and passion, oppose to all improvement’.4

Yet Herschel increasingly seemed to represent an outlook that was receding into the past. Concerns that studying the natural world could not generate or sustain moral values had gained traction during the later eighteenth century, largely on account of David Hume’s distinction between ‘fact’ and ‘value’.5 Although Hume’s criticism of natural theology or natural religion has attracted much scholarly attention,6 he also raised significant concerns about the idea that the respectful and attentive observation of nature could be morally informative and improving, without the interposition of some bridging theory, which was not itself empirical in its origins.

On the basis of Hume’s analysis, there are two possible ways of understanding the relation of the moral and non-moral realms.7



1. It is not possible to move from non-moral premises to moral conclusions by purely logical means.

2. It may be possible to move from non-moral premises to moral conclusions through the use of bridging arguments.





It was, of course, possible to draw on a theistic framework as a bridging framework between the observation of nature and the ethical inhabitation of nature. As Tamás Demeter points out, the conviction that ‘natural philosophers were studying God’s creation provided the basic ideological framework of early modern science’.8 As we shall see, the nineteenth century saw a growing trend to move away from theistic approaches to nature characteristic of the early modern period to the more ‘naturalist’ approaches associated with Thomas H. Huxley. We shall discuss this point further later in this chapter.

Yet the traditional category of ‘natural philosophy’ was undermined by more than a shifting ideological context; the propriety of continuing to use this term to refer to an essentially empirical discipline became increasingly contested. On at least two occasions during the 1830s, William Whewell suggested (anonymously) replacing ‘natural philosopher’ with the single word ‘scientist’.9 By 1840, Whewell had gone public, and openly advocated the use of this new term. ‘We need very much a name to describe a cultivator of science in general. I should incline to call him a Scientist. Thus we might say, that as an Artist is a Musician, Painter, or Poet, a Scientist is a Mathematician, Physicist, or Naturalist.’10 The term ‘scientist’ resonated with the new cultural mood, and gradually displaced the older vocabulary.

A second development of importance was the emergence of the term ‘science’ in the singular, which appears to be linked with the establishment of the British Association for the Advancement of Science in 1831.11 (The French and German equivalents—the Académie des Sciences, founded in 1666, and the Königlich Preussischen Akademie der Wissenschaften zu Berlin, founded in 1700—used the term ‘science’ in the plural.) At that time, a number of distinct scientific disciplines were in the process of emerging in Great Britain, giving rise to the possibility that these might be seen as unrelated fields of studies, and hence diminish the social and cultural authority of ‘science’ in British culture. ‘The fragmentation of the field of scientific inquiry called forth a vision of its potential unification.’12 In their understandable desire to avoid the isolation of specific individual sciences, the founders of the British Association chose to speak simply of ‘science’ in the singular—and in doing so, may have created an impression that every natural science uses a singular and identical ‘scientific method’, thus failing to take account of the fact that individual sciences develop research methodologies which are specifically adapted to their own objects of study.13

These two related developments gradually changed the cultural landscape of the academic and professional world in the final quarter of the nineteenth century, with older terms—above all, ‘natural philosophy’—increasingly being set to one side as the new vocabulary achieved acceptance. While aspects of the moral agendas of natural philosophy would initially remain embedded within the emerging concept of ‘natural science’,14 its focus now lay elsewhere. In 1879, Thomas H. Huxley set out his own approach to the relation of science and philosophy, which avoids making any reference to the now outdated notion of ‘natural philosophy’, as follows:

Fundamentally, then, philosophy is the answer to the question, What can I know? and it is by applying itself to this problem, that philosophy is properly distinguished as a special department of scientific research. What is commonly called science, whether mathematical, physical, or biological, consists of the answers which mankind have been able to give to the inquiry, What do I know? They furnish us with the results of the mental operations which constitute thinking; while philosophy, in the stricter sense of the term, inquires into the foundation of the first principles which those operations assume or imply.15

‘Natural philosophy’, once seen as a unified field of study, now bifurcated into ‘science’ and ‘philosophy’.16 This led to the gradual erosion of the moral agendas originally associated with the study of nature. This loss of a moral focus on nature was catalysed by the English Industrial Revolution, which was based on new technologies that led to radical degradation of the natural environment and significant social dislocation.17 John Ruskin’s 1884 lectures on the ‘Storm Cloud’ may well represent one of the earliest recognitions of the phenomenon of climate change resulting from industrial activity; yet Ruskin’s concerns are deeper than this, hinting at some of the lost concerns of an older natural philosophy.18 The Industrial Revolution seemed to Ruskin to abandon a respectful engagement with the natural world, leading him to develop his own way of bringing the arts and sciences into contact and constructive dialogue.19 A new vision of nature, engaging both arts and sciences, seemed to be required in the face of a ‘demonstrable threat posed by rapacious industrial capitalism to the lives of people, animals and plants’.20

The Enlightenment Reformulation of Newtonian Natural Philosophy

The scholarly understanding of the phenomenon usually styled ‘the Enlightenment’ has undergone significant change since the 1970s. While often portrayed as an intellectually homogeneous movement, critical historical scholarship has led many to conclude that the ‘Enlightenment’ was essentially a polemical term devised in the nineteenth century to make sense of what had happened in the eighteenth, and locate it within certain privileging narratives of progress.21 It is perhaps best to think of the Enlightenment as a competing series of visions of rationality, rather than a single coherent movement, whose agendas and concerns were often shaped by local concerns, while being informally linked through various networks.22 Yet scholars of the Enlightenment have perhaps not given due account of the importance of Newton’s natural philosophy, which seemed to many of his European admirers to demonstrate the power of human reason to penetrate the mysterious workings of the cosmos.23

Populist accounts of the Enlightenment often portray it as a movement grounded on a culturally and historically invariant reason, which could serve as both the foundation and criterion of reliable human knowledge.24 Yet the precision and persuasiveness of Newton’s natural philosophy led many to adopt the Baconian method of acquiring knowledge inductively through the close observation of nature, which was seen as circumventing the interminable and sterile conflicts among philosophers regarding the meaning and validity of first principles of reason. Rationalist confidence in humanity’s intellectual powers was not primarily affirmed in terms of a priori reasoning, but rather in terms of the a posteriori forms of inductive reasoning developed by Bacon, and so successfully applied by Newton.

While it is true that some leading Enlightenment writers—such as Christian Wolff—attempted to reason from first principles, the outcomes of this process were generally seen to lack the coherence of those offered by Newtonian natural philosophy.25 This was particularly the case with the French Enlightenment, which shows clear lines of influence from Newtonian sources.26 Voltaire spent some thirty-three months in self-imposed exile in England during the 1720s, and appears to have absorbed the new confidence in rational investigation of nature arising from Newton’s legacy.27

Yet an unfortunate outcome of the Enlightenment adoption and partial assimilation of Newton’s natural philosophy was the perceived alignment of Newton’s intellectual achievement with modernist narratives of modernization and progress. Newton was thus read through the prism of the Principia, and was seen as ‘the heroic founding father of secular scientific modernity’,28 rather than as the advocate of a rich and complex natural philosophy. In portraying Newton in this way, Enlightenment writers such as Pierre-Simon Laplace were reading him selectively, assimilating him to their own agendas, and—perhaps most significantly, for our purposes—detaching what would now be seen as Newton’s scientific ideas from their informing context. Newton’s ‘science’ (to use this word anachronistically) was embedded within his wider natural philosophy; his later interpreters either divorced them from this context, or interpreted his ‘natural philosophy’ simply as an older term for ‘natural science’, which could be displaced without intellectual loss or impoverishment.

The Romantic Reaction against Popular Newtonianism

This historical observation underlies the growing critique of Newtonianism as an intellectual system that was inattentive to the complexity of the natural world, or to the place of humanity as both an observer of and a participant in nature. Such concerns were articulated in the closing years of the eighteenth century in Germany by writers such as Friedrich Wilhelm Joseph von Schelling, who developed a ‘natural philosophy’ (Naturphilosophie) which took full account of humanity’s location within the natural order.29 Nature was to be seen as ‘a self-productive organic whole’, resistant to dissection and rational analysis.30 Goethe espoused a strongly holistic view of nature, insisting upon the unity of nature despite its many individual aspects.31 Although Max Weber’s notion of the ‘disenchantment’ (Entzauberung) of nature represents a twentieth-century interpretation of the changing understanding of nature during the eighteenth century,32 the language of ‘magic’ was used at this time in Germany to refer to a sense that something had been irretrievably lost. The later Romantic poet Joseph von Eichendorff, for example, spoke about nature being able to ‘sing’, if only the ‘Magic Word’ (Zauberwort) could be found to unlock its secrets.33 Yet many would argue that the most perceptive critical assessment of Newtonianism took place within England, mounted initially by poets who believed that the natural world had been impoverished by its reductionist agenda.

William Blake, for example, was strongly critical of Newtonianism, which he considered to be imaginatively and aesthetically emaciated.34 Blake singled out Bacon, Locke, and Newton—the three intellectual archetypes of an experimental natural philosophy—for criticism, apparently on the basis of his mistaken assumption that all three are to be seen as proponents of a mechanical worldview. Blake’s view is probably best known from the familiar line from Jerusalem (1804–20), ‘Bacon and Newton, sheathed in dismal steel’,35 but is set out more fully in these lines lamenting the captivation of the intellectual and cultural mindset of Europe by a mechanical philosophy, in which nature is understood as a machine:


I turn my eyes to the schools and universities of Europe

And there behold the Loom of Locke, whose woof rages dire,

Wash’d by the Water-wheels of Newton: black the cloth

In heavy wreaths folds over every nation: cruel works

Of many Wheels I view, wheel without wheel, with cogs tyrannic

Moving by compulsion each other, not as those in Eden, which,

Wheel within wheel, in freedom revolve in harmony and peace.36



Blake’s decidedly negative evaluation of Newton’s natural philosophy has often been asserted to arise from his direct engagement with Newton’s writings, especially the Principia.37 Yet this seems improbable. Newton’s Principia is notoriously difficult to interpret for those unable to understand its mathematical language. Newton himself declined to offer a popular account of his theories, and thus created a market for popular interpretations of ‘Newtonianism’.38 As a result, discussion of ‘Newtonianism’ was relocated from the academic world, being widely disseminated through public lectures and cheap pamphlets, with the result that ‘coffeehouses formed the matrix of Newtonian persuasion’.39 It is therefore important to note that recent scholarly examination of Blake’s writings has called into question whether Blake had any direct familiarity with Newton’s works, and points rather to Blake being familiar with popular Newtonianism, rather than with Newton’s own works.40 If this is so, Blake’s criticisms are really directed against certain culturally influential readings of Newton, not necessarily Newton himself.

While Blake’s concerns about Newton’s legacy focused on his Principia, other criticisms of this period concerned his Opticks.41 In his rambling 1820 poem ‘Lamia’,42 John Keats was particularly critical of the ‘unweaving’ of the rainbow, protesting against the conquering of a rich and mysterious reality, which reduced it to the realm of the dull and common.


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,

Conquer all mysteries by rule and line,

Empty the haunted air, and gnomed mine –

Unweave a rainbow.



Although there is no explicit reference to Newton here, some have made a connection with reports of Keats attending a dinner at which Newton was criticized for having ‘destroyed all the Poetry of the rainbow by reducing it to a Prism’.43 Yet once more, questions must be raised about whether Keats had actually read Newton, or whether he was responding to an uninterrogated popular cultural perception about Newton.

Some have interpreted Keats’s protest against a ‘cold philosophy’ to refer to philosophy in the modern sense of that term.44 It is, however, important to appreciate that in 1820 the term was often used as a synonym for ‘natural philosophy’. The fourth edition of the authoritative Encyclopaedia Britannica (1810) offers this descriptive account of the term ‘philosophy’ as it was then used:

The chief object of the philosopher is to ascertain the causes of things; and in this consists the difference between his studies and those of the natural historian, who merely enumerates phenomena and arranges them into separate classes.45

Yet from this definition of philosophy, along with the frequent references to the work of Francis Bacon, it is clear that the term ‘philosophy’ approximates to ‘natural philosophy’. This sense of the term, when applied to Keats’s concerns in ‘Lamia’, make far more sense of his remarks than the notion of philosophy as critical reasoning.46

Perhaps Keats’s real concern, echoed by many within and beyond the Romantic movement, is the increasing emphasis placed upon objectivity in the study of nature.47 Given the importance of this theme for our later reflections, its historical development merits discussion at this point.

Objectivity: A Disengaged Account of Nature

Such concepts as ‘objectivity’ and ‘impartiality’ attained the status of epistemological virtues in the late seventeenth and eighteenth centuries, encouraging the view that nature could ‘speak for itself’, without fear of intellectual distortion arising from partisan concerns or cultural precommitments.48 This emphasis on the possibility of an objective account of nature was important within the context of a culture shaped by memories of social tensions and disruptions associated with earlier European Wars of Religion. It is easy to understand the appeal at this time of such an external objective standard of rationality and morality,49 in that it locates epistemic authority beyond human agency. Part of the appeal of a ‘natural philosophy’ was that it represented a set of ideas and values that was grounded in something lying beyond the control and manipulation of humanity. Wordsworth’s lines might be cited in support of this view:


To the solid ground

Of nature trusts the Mind that builds for aye.50



Indeed, such was the appeal of these lines that they were adopted as the motto for the new scientific journal Nature, first published in November 1869.51

Yet it is one thing to be an unbiased interpreter of nature; it is quite another to be a detached observer of the natural world. The ‘subjective turn’ evident in British Romantic writers such as Coleridge and Wordsworth is often understood as resulting from discontentment with ‘the passivity of consciousness in empiricist accounts’ of nature on the one hand, and a growing interest in ‘newer physiological theories of sensation, of subjectivity as constituted by the creative perceptual activity of imagination’ on the other.52 For Wordsworth and Coleridge, the subjectivity of the observer had to be enfolded within any account of the observation of nature. Every ‘act of existential perception’ thus becomes ‘an act to which the perceiver contributes an essential ingredient of his own knowledge’.53 Yet while Romantic writers drew on multiple cultural and intellectual resources in framing and exploring the subjective appreciation of the natural world, the shadow of a ‘scientific other’ appears to hover over these subjective reflections.

While Romantic poets might differ in how they grounded and expressed their subjective concerns, they were clearly concerned at the loss of an affective relational dynamic between the human observer and the natural world. Other voices of the age tried to find ways of reconnecting affectively and imaginatively with the natural world. John Ruskin, for example, was critical of the ‘cold, merely materialist science’ of the middle Victorian period, and sought to recapture the spirit of earlier natural philosophies by explaining ‘what natural forms had meant, intellectually and morally, to previous generations’.54 Yet such attempts at reconnection ultimately seem to have failed to halt or reverse the growing professional and intellectual divergences between the emerging natural sciences and the more traditional arts and humanities.

The Transition from ‘Theistic Science’ to ‘Naturalistic Science’

A conceptually important, though historically extended, transition of importance to our reflections on the changing shape and fortunes of natural philosophy concerns the notions of ‘theistic science’ and ‘naturalistic science’ in the nineteenth century.55 Two major schools of thought found themselves competing for public support in Britain during the nineteenth century: ‘theistic science’, comparable in many ways to earlier forms of natural philosophy, and an emerging ‘naturalist science’.56 Crucially, historians have noted how these two approaches rested on very similar core beliefs (such as the uniformity of nature) and working methods and norms.57

While both theistic and naturalistic approaches to science assumed (and ultimately depended upon) the principle of the uniformity of nature, the former grounded this in an objective divine act of creation, and the latter through an emerging account of the metaphysics of nature. As Huxley pointed out, critical assumptions underlying the sciences—such as the uniformity of nature—are ‘neither self-evident nor are they, strictly speaking, demonstrable’.58 Both theistic and naturalist approaches to science rested on assumptions about the natural order that could not be proved to be correct.

Scientific ‘naturalism’ is not a ‘natural’ category, but is better understood as an ‘actor’s category’, the meaning of which ‘was forged and fought over alongside major developments in the history of science and in British history more generally’.59 This observation helps us understand how Huxley’s ‘descriptive binary’ could be reframed polemically as the ‘prescriptive corollary’ of the ‘warfare’ model of science and religion.60 Yet despite these very different understandings of the metaphysical foundations of natural science, both theistic and natural approaches led to the same theoretical and practical outcomes, using the same norms and methods. Any adjudication concerning which was to be preferred seemed to lie beyond the scope of an inductive method.

With this point in mind, we may turn to what is now widely seen as one of the most significant statements of a ‘naturalistic’ approach to biological science: Charles Darwin’s Origin of Species (1859). Darwin’s assessment of the relative merits of theistic and naturalist approaches to science focused on which appeared to offer the better and more persuasive inductive explanation of certain otherwise puzzling observations of the distribution of biological species.

Darwin: Natural Philosophy and the Status of Humanity within Nature

Darwin did not see himself called upon to prove the existence of biological evolution: that idea had gained credibility since the publication of his grandfather Erasmus Darwin’s Zoonomia (1794–6), and was further reinforced by Jean-Baptiste Lamarck’s Histoire naturelle des animaux sans vertèbres (1815–22). Although some influential voices—such as the geologist Charles Lyell—resisted the idea, Lamarck’s transformist account of evolutionary change was being widely discussed in English scientific circles during the 1850s.61 In 1858, the year before the publication of Darwin’s Origin of Species, Thomas H. Huxley delivered a lecture on the ‘progressive development of animal life in time’, arguing that it was not the evolution of species that was in doubt; the question that remained to be resolved was how this process of progressive development took place.


There is no doubt that the living beings of the past differed from those of the present period; and again, that those of each great epoch have differed from those which preceded, and from those which followed them. That there has been a succession of living forms in time, in fact, is admitted by all; but to the inquiry – What is the law of that succession? different answers are given; one school affirming that the law is known, the other that it is for the present undiscovered.62

This was the main question that Darwin addressed: identifying the natural process that lay behind, and thus explained, the phenomenon of biological evolution.

Although Darwin is often described as a ‘scientist’, his working method actually places him within the Baconian inductive tradition of natural philosophy.63 Darwin was not an experimentalist; rather, he had accumulated a series of observations while sailing round the world on H.M.S. Beagle which seemed difficult to explain using existing understandings of the origins and development of biological life. Darwin’s own account of his discovery of ‘natural selection’64 fits—as he himself suggests—within a Baconian inductive paradigm. Perhaps the best place to start is with the opening paragraph of the Origin of Species:

When on board H.M.S. Beagle, as naturalist, I was much struck with certain facts in the distribution of the inhabitants of South America, and in the geological relations of the present to the past inhabitants of that continent. These facts seemed to me to throw some light on the origin of species—that mystery of mysteries, as it has been called by one of our greatest philosophers.65

During this round-the-world voyage, Darwin made a series of observations about the forms of plant and animal life in various regions, and collected a series of specimens on which he would subsequently reflect on his return to England. The methodology that Darwin describes is that of the accumulation of observations, and attempting to develop a theory which would offer their most satisfactory explanation.

As Darwin reflected on those observations, they seemed to indicate intractable problems and shortcomings with existing understandings of the origins of the biological realm, especially the idea of ‘special creation’ offered by religious apologists such as William Paley in his Natural Theology (1802).66 While Paley’s theory offered explanations of these observations which appealed to Darwin as a young man, he came to see them as increasingly cumbersome and forced.67

A more recently proposed alternative to Paley was Charles Lyell’s notion of ‘natural creation’, which offered a naturalist account of the origin of new species in the light of shifting environmental conditions, which led to the extinction of older species and their replacement by newer forms, better adapted to the altered conditions.68 Yet Lyell was not able to propose a satisfactory mechanism for this process. While a number of explanations could be offered for what Darwin observed during his voyage on the Beagle, the question remained which of these explanations was to be considered the best. Many of Darwin’s observations did not seem to fit easily within the parameters of existing theories. A better explanation, Darwin believed, had to lie to hand.

The natural philosopher William Whewell used a rich visual image to communicate the capacity of a good theory to make sense of, and weave together, observations. ‘The facts are known but they are insulated and unconnected…The pearls are there but they will not hang together until some one provides the string.’69 The ‘pearls’ are the observations; the ‘string’ is a theory that connects and unifies the data. Such a theory, Whewell asserted, allows the ‘colligation of facts’, establishing a new system of relations with each other, unifying what might have otherwise been considered to be disconnected and isolated observations. The ‘pearls’ were the often puzzling observations that Darwin had accumulated; but what was the best string on which to thread them? Two representative sets of observations may be noted.

First, Darwin noted that many creatures possessed ‘rudimentary structures’, which have no obvious or predictable biological 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? Second, Darwin’s research voyage on the Beagle disclosed an uneven geographical distribution of life forms throughout the world.70 In particular, Darwin was impressed by the peculiarities of remote island populations, such as the finches of the Galápagos islands. While Paley’s doctrine of special creation could account for this, it did so in a manner that seemed forced and unpersuasive.

So what could be inferred from these puzzling observations, to which others could easily be added?71 What was the best explanation of these observations? The best string to connect them? While Darwin knew that his theory of natural selection was not the only possible explanation of the biological data, he believed that it succeeded in making better sense of observations that were otherwise puzzling. The hypothesis of natural selection, he argued, possessed greater explanatory power than its rivals, such as the doctrine of independent acts of special creation, as set out in the writings of William Paley, or Lyell’s proposal of ‘autochthonous generation’.72 ‘Light has been shown on several facts, which on the belief of independent acts of creation are utterly obscure.’73

Yet while Darwin’s theory illuminated natural phenomena, Darwin was quite clear that his theory did not predict, and could not predict. In a letter praising the perspicuity of F. W. Hutton, Darwin singled out this point for special comment.


He is one of the very few who see that the change of species cannot be directly proved, and that the doctrine must sink or swim according as it groups and explains phenomena. It is really curious how few judge it in this way, which is clearly the right way.74

Darwin’s phrase ‘the doctrine must sink or swim according as it groups and explains phenomena’ is significant. The nature of the scientific phenomena was such that prediction was not possible for Darwin. This led some philosophers of science, most notably Karl Popper, to suggest unwisely that Darwinism was not really scientific.75

Yet more recent studies, especially in the philosophy of biology, have raised interesting questions about whether prediction really is essential to the scientific method. This issue emerged as important in the pre-Darwinian nineteenth-century debate between William Whewell and John Stuart Mill over the role of induction as a scientific method.76 Whewell emphasized the importance of predictive novelty as a core element of the scientific method; Mill argued that the difference between prediction of novel observations and theoretical accommodation of existing observations was purely psychological, and had no ultimate epistemological significance. Darwin, however, added a comment to the final edition of the Origin of Species, making it clear that his theory was to be tested by its capacity to accommodate the observational evidence.

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.77

Darwin fits comfortably into the tradition of natural philosopher, as this evolved from Bacon to Newton. Yet his contribution to its future development arguably lies fundamentally in an insight articulated most clearly in the closing statement of The Descent of Man (1871):

We must acknowledge, as it seems to me, that man with all his noble qualities, with sympathy which feels for the most debased, with benevolence which extends not only to other men but to the humblest living creature, with his god-like intellect which has penetrated into the movements and constitution of the solar system – with all these exalted powers – Man still bears in his bodily frame the indelible stamp of his lowly origin.78

The passage clearly strikes a moral tone, locating humanity within the natural order, with imperatives to sympathy and benevolence to other components of that order. Yet it also raises the question of the continuing impact of humanity’s evolutionary history on its present condition. Although Darwin confines his reflection to humanity’s ‘bodily frame’, others would suggest that human instincts and patterns of thought might similarly be shaped by the evolutionary process.79

Yet where Darwin can be argued to have remained within the broad tradition of natural philosophy, his leading interpreter pressed for the separation of philosophy and natural science, and raised concerns about those who suggested that nature could be a moral inspiration for humanity.

Thomas H. Huxley: The Separation of Philosophy and Natural Science

Although many leading empirical philosophers of the middle of the nineteenth century saw the natural sciences and philosophy as interconnected,80 Huxley made a bold and decisive distinction between philosophy and science which shaped popular thinking in England during the final quarter of the nineteenth century. Philosophy is the ‘answer to the question, What can I know?’, and science is the response ‘to the inquiry, What do I know?’81 By the later Victorian period, many saw Huxley as embodying the persona of this emerging scientific culture, creating a normative public understanding of science through his public lectures and publications.82 Huxley’s introductory ‘science primers’ secured him a wide popular readership, and helped shape the new cultural confidence in the natural sciences. ‘Natural philosophy’ now came to be seen as an outdated way of referring to the natural sciences, which had been left behind as a result of the rapid scientific advances of the nineteenth century.

So what do we know? Huxley’s answer, though easily stated, is perhaps less easily applied. ‘In strictness all accurate knowledge is Science; and all exact reasoning is scientific reasoning.’83 Yet this statement, found in what was intended to be a popular science textbook, is probably to be seen as a pedagogical overstatement, formulated with the need for simplicity of argument in mind. Elsewhere, Huxley is much more guarded and cautious, concerned to emphasize what can be known through science, while applying the maxim ignoramus et ignorabimus (‘we do not know and we will not know’) to the shadowy region that lay beyond the application of the scientific method.84 Yet Huxley’s influential formulation of the relation of science and philosophy can be seen to fit into an overall cultural narrative relating ‘how science, through the provision of cognitive norms, came to serve as a model for all forms of purposive behaviour’.85

While some argued that Huxley’s celebrated agnosticism was ultimately devised to evade awkward questions about the grounds and justification of his own ideas,86 Huxley himself saw it as the inevitable and proper outcome of a scientific approach to knowledge, which was willing to accept both the provisionality and the fallibility of its conclusions. He made this point as follows in a series of lectures to ‘working men’, delivered at the Museum of Practical Geology in 1862:

Men of science do not pledge themselves to creeds; they are bound by articles of no sort; there is not a single belief that it is not a bounden duty with them to hold with a light hand and to part with cheerfully, the moment it is really proved to be contrary to any fact, great or small.87

Huxley was not, however, entirely consistent on this point, elsewhere pointing out the need to accept certain unprovable assumptions entailed by the scientific method:

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. But such faith is not blind, but reasonable.88

Although acknowledging the importance of Hume as a philosopher, Huxley’s emphasis on the advancement of human civilization through scientific progress led him to detach scientific research, reasoning, and application from its earlier philosophical contextualizations. Whereas earlier natural philosophers saw nature as an important stimulus to ethical reflection, Huxley—following Hume—declined to ground moral reflection in the structures or processes of the natural world.

For Huxley, scientists were ‘graduates in the University of Nature’,89 who had learned how to study the order and laws of the natural world. In a lecture of 1868, Huxley declared that:


Nature is still continuing her patient education of us in that great university, the universe, of which we are all members. Those who take honours in Nature’s university, who learn the laws which govern men and things and obey them, are the really great and successful men in this world.90

Yet while Huxley’s early essays on the importance of science education reproduce some themes traditionally associated with natural philosophy,91 particularly achieving harmony with the natural order, his enthusiasm for this older vision appears to have faded over time.

While some later Victorian thinkers tended to see evolution in terms of a progressive ethic of self-improvement,92 Huxley rejected this interpretation of the evolutionary process. His 1893 Oxford lecture on ‘Evolution and Ethics’ is perhaps one of the most important expressions of the gap that Huxley had opened up between the study of the natural order and the human quest for civilization and values.93 Where earlier transformist accounts of evolution were easily assimilated to an ethic of self-improvement, Darwin’s approach—especially in its appeal to Malthus’s Essay on Population—presented evolution in terms of competition between species.94

In some prefatory comments to this lecture, Huxley identified his intention to resolve ‘the apparent paradox that ethical nature, while born of cosmic nature, is necessarily at enmity with its parent’.95 For Huxley, human beings are animals who have triumphed in the ‘struggle for existence’ on account of their capacity for violence and destruction. Yet with the emergence of civilization, the animal characteristics which allowed human beings to triumph in this struggle are no longer seen to be ‘reconcilable with sound ethical principles’.96

Ethics, for Huxley, is now a principled resistance to precisely those animal qualities that had earlier secured human domination of the living world, and the Darwinian processes that underlie them. We must therefore 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.’97 While the natural process of evolution may explain the origins of human ethics, it cannot now function as the basis of ethics. Evolution ‘may teach us how the good and the evil tendencies of humanity 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’.98

Huxley thus offers a Darwinian basis for the rejection of traditional natural philosophies (though he does not use the term ‘natural philosophy’ in this lecture).99 This is expressed most forcefully in his rejection of the ‘stoical summary of the whole duty of man, “Live according to nature”’, which seems to imply that the cosmic process is ‘an exemplar for human conduct’.100 At the risk of overstating this important point, Huxley comes close to suggesting that the close observation of natural world shows us how not to behave. This contrasts sharply with one of the core themes of early modern natural philosophy—that of learning from nature, and not simply learning about nature. This idea—perhaps most dramatically expressed by Alexander Pope in his Essay on Man (1733–4): ‘Great Nature spoke; observant Men obey’d’101—was now firmly relegated to an outmoded and unusable past.

This chapter has documented the gradual parting of the ways between the natural sciences and philosophy, and the dissolution of the notion of ‘natural philosophy’ as a viable field of study and research. Yet this need not be the end of the story of natural philosophy. In the second part of this work, we shall consider how this category might be reimagined and repurposed, given the increasingly urgent need of supplementing a scientific approach to the natural world with one that is attentive to wider questions, raised—yet not answered—by the natural sciences.
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Reconceiving Natural Philosophy

Laying the Foundations

In the first part of this work, I considered the gradual emergence and subsequent fragmentation of natural philosophy. This ‘long, broad, and deep conversation with its history’1 allows us to understand how earlier generations framed natural philosophy, what its benefits were understood to be, and why its vision faded. Natural philosophy does not emerge from this analysis as a static or fixed, but rather as an evolving discipline, developing capacities to engage new questions, while retaining an interest in older ones. While some readers might be surprised at the length of this genealogical analysis, it is essential to any informed attempt to learn from the past, and reflect on how we might renew and retrieve this enterprise. If wrong turns have been taken, it is clearly important to consider how things can be remedied.

In the second part of this study, I will make a case for the retrieval of a natural philosophy, and explore how this might be done. While there are good reasons for suggesting that this could be a productive and timely undertaking, it is not a new or original enterprise, in that such a process of critical reappropriation of earlier forms of natural philosophy can be instanced from the medieval, Renaissance, and early modern periods.2 Contemporary concerns about the interaction between humanity and the natural world, not least the urgent question of fostering human respect for nature in the light of environmental degradation, suggest the need for a conceptual space which is clearly comparable to that once associated with ‘natural philosophy’, as this was understood in the early modern period.

My concern in this book is with retrieving this conceptual space, developing an extended disciplinary imaginary which—like its classic predecessors—links attentiveness to the natural world to the quest for understanding, wisdom, and well-being. Yet critics will rightly point out that such a proposal faces significant challenges. It seems both pointless and impossible. ‘Natural philosophy’, such critics might reasonably suggest, is simply an obsolete form of natural science, and there would seem to be little to be gained from retrieving such an outdated way of thinking. In any case, the subsequent rise of multiple intellectual disciplines has led to an irreversible fragmentation of intellectual discourse and reflection. Both these criticisms are important, and need to be taken seriously. In the next two sections, I shall engage both these concerns.

Why We Need a Critical Retrieval of Natural Philosophy

In beginning this process, it is helpful to reflect on why engaging nature is so important and challenging. Nature designates something vast, unconstrained by the categories of the human mind and uncontrolled by instrumental reason, which demands we see it as it really is, rather than be satisfied by these imaginatively diminished partial accounts of its greater whole. Where instrumental reason seeks to reduce and control nature, natural philosophy is driven by the instinct to preserve, respect, and appreciate the complexity of nature, allowing itself to be mastered by nature, rather than imposing its controlling categories upon it. Nature is experienced as a conceptual immensity, which resists reduction to propositional language. This book is an exercise in the philosophy of retrieval, which sets out to explore what might be gained through a critical reappropriation of earlier forms of natural philosophy, particularly those that flourished during the remarkably creative period in which a scientific culture gradually emerged during the early modern era.

Although it is often suggested that natural philosophy is simply a transient formative episode in the emergence of the natural sciences, this judgement needs to be challenged. As Walter Lüthy points out, we need to explain why seventeenth-century science was seen as philosophical, and why the philosophy of this period was seen as scientific.3 It is, of course, entirely possible that this is an insight specific to the social and cultural specifics of that bygone age; yet it is also possible that these writers had grasped something that we need to recover.

Recent work on the emergence of disciplinarity in western academia has highlighted the historical situatedness and contingency of our own contemporary ‘disciplinary imaginary’,4 and the damage this has inflicted on attempts to create and maintain holistic accounts of the natural world. Yet the institutionalized disciplinary distinctions and divisions that seem permanent and natural are social creations—ways of imagining the intellectual geography and organization of human knowledge production. The ensuing ‘disciplinary ordering of knowledge production’ is a matter of contingency,5 and is open to reappraisal and reimagining. If the early modern imaginary—or group of imaginaries—that we call ‘natural philosophy’ is seen to offer benefits that are otherwise lost, it is possible to construct a new disciplinary imaginary that will retrieve these benefits.

There are good reasons for suggesting that a critical retrieval and reappropriation of a natural philosophy in the twenty-first century is both timely and appropriate. Such a retrieval does not amount to an artificial resuscitation of past habits of thought and imagination, but is rather to be seen as a critical assessment of what was so important about natural philosophy in the past, and how this can be recaptured without trapping us in a bygone age. Five considerations may be noted, to which others might easily be added.

1. There is growing interest in recognizing the significance of early modern natural philosophy in stimulating the art of living well, particularly in terms of fostering ‘practical regimens and formative disciplines’ that help enact human wisdom.6 Daniel Defoe’s novel Robinson Crusoe (1719) describes how a shipwrecked sailor finds himself alone on a desert island, and is transformed by this ‘hermeneutic and therapeutic’ encounter with his untamed natural environment.7 At times, Crusoe seems to be portrayed as someone who stands in the tradition of Robert Boyle and Thomas Sprat, and sees the natural order of a desert island, unspoiled by human agency, as a means of enabling a transformation of life and a purification of thought.

There was a clear moral dimension to early modern natural philosophy, seen especially in its ‘capacity to serve as a practice that cultivates the moral person’.8 Classic Chinese natural philosophy similarly echoed the importance of living in harmony with the natural world.9 These perspectives may helpfully be set alongside the classical Stoic view that the ultimate human goal was to ‘live in conformity and harmony with nature’ (congruenter naturae convenienterque vivere).10 Yet this moral aspect of the engagement with nature is now largely absent from scientific reflection. Steven Weinberg is one of many to insist that the natural sciences have now abandoned any interest in the human quests for goodness, justice, or love, having outgrown such concerns.11 While this view is influential, it is clear that something of potential importance has been lost. The wisdom of our age may indeed be that natural philosophy is simply an older and outdated version of the natural sciences; an alternative judgement, however, is that the latter present a restricted and impoverished account of the broader vision of natural philosophy.

2. Engaging with the natural world was seen by many early modern natural philosophers as a means of correcting the deficiencies of approaches to philosophy based purely on human reasoning. These, some argued, were limited by human weakness or compromised by original sin, and needed recalibration against an external standard.12 While such attitudes can be found earlier, as in Bede’s meticulous attempt to use an evidence-based approach to the study of nature in eighth-century England,13 they are particularly evident in Francis Bacon’s war against the ‘Idols of the Mind’—that is, preconceived or culturally shaped attitudes which distort or impoverish our vision of the natural world.

Bacon thus advocated the practice of natural philosophy—especially the meticulous collection of observations of the natural world and the use of experimental procedures—as the best means of countering inbuilt human propensities to error and self-deception. Natural philosophy, he suggested, might expand our minds ‘to the amplitude of the world’ rather than reduce ‘the world to the narrowness of [our] minds’.14 This point is found in many recent reflections on the human encounter with an untamed nature, particularly through ‘wilderness experiences’. These seem to facilitate a receptive mode of existence, in which we become fully awake to the world around us, creating a heightened state of awareness of its beauty and unfathomed significance.15

3. Early modern forms of natural philosophy were not merely attempts to make sense of the natural world, but also means of enabling human beings to flourish within this world. Although the human proclivity to want to make sense of things is now perhaps the most familiar feature of this discursive space,16 this perception has been shaped by the tendency on the part of popular historians of science to assimilate ‘natural philosophy’ to ‘natural science’. Many early modern natural philosophers saw their task as including the cultivation of respect and reverence for the natural order, appreciating its affective impact on humanity, and understanding better the place of human beings within this realm and the patterns of behaviour that were appropriate to their location within nature.

Robert Boyle, for example, spoke of the natural philosopher as a ‘priest in the temple of nature’, encouraging an attitude of reverence towards the natural world, which in turn recognizes the beauty (and not merely the intelligibility) of nature.17 The nineteenth-century American wilderness authors Ralph Waldo Emerson and Henry David Thoreau took a holistic view of humanity’s relation with the natural order, seeing this as saturated with moral and spiritual possibilities.18 It is clear that any attempt to encourage human respectfulness towards the natural order will have to go beyond—and against—the tendency within the natural sciences to think of a scientific instrumentality which is about achieving power and control over the natural world.19

4. According to the mathematician Marston Morse, ‘the urge to understand is the urge to embrace the world as a unity.’20 The psychologist Abraham Maslow expressed a similar point in his notion of a ‘peak experience’—a ‘clear perception (rather than a purely abstract and verbal philosophical acceptance) that the universe is all of a piece and that one has his place in it’.21 In the seventeenth century, natural philosophy provided a means of affirming the overall unity of the natural world while respecting its individual elements disclosed through observation—including the human observer of nature. Most forms of natural philosophy of this period were integrative, their fluid and porous boundaries loosely coordinating what we might today think of as the quite distinct disciplines of the natural sciences, philosophy, ethics, music, and theology. Goethe, for example, was often critical of philosophical abstractions, holding that nature had to be grasped as a coherent whole.22

With any given phenomenon in nature – and especially if it is significant or striking – we should not stop and dwell on it, cling to it, and view it as existing in isolation. Instead we should look about in the whole of nature to find where there is something similar, something related. For only when related elements are drawn together will a whole gradually emerge that speaks for itself and requires no further explanation.23

In comparing the roles of scientists and poets, the Irish Victorian poet William Allingham contrasted a scientific mentality which wanted to ‘break up the whole into little bits, for analysis’ with its poetic counterpart, which ‘reconstructs the shattered world, and shows it complete and beautiful’.24 Science thus concerned itself with the dissection of the natural world, breaking down its complexities into its core factual components; poetry brought these back together again, allowing us to discern their deeper significance. Both these elements were enfolded within older visions of natural philosophy; they are now needlessly seen as disconnected.25

5. Reflecting on older approaches to natural philosophy might stimulate the exploration of fresh ways of considering the relationship between philosophy and the natural sciences, which has become somewhat strained in recent years through the rise of strong forms of ‘scientism’, which see the natural sciences as being capable of answering all valid human questions, and thus displacing philosophy as the natural means of exploring issues such as value and meaning.26 This represents an important challenge to philosophy, and requires careful reflection. One way of responding to this is to return to a period when such dialogues were commonplace, and assumed to be grounded in some broader understanding of the natural world—a theme that was articulated in the concept of natural philosophy, particularly those approaches which emerged during the early modern period. There is no question of returning to those viewpoints; the intention is to bring them into critical and constructive conversation with the concerns of the twenty-first century, and see what illumination they might offer.

These concerns clearly provide a motivation for retrieving a viable form of natural philosophy to illuminate and inform some of the dilemmas and concerns of the twenty-first century. If a discipline called ‘natural philosophy’ had not existed in the past, we would need to invent it today. So can we, like Kepler and Newton, think of our universe as a coherent whole, capable of being represented by a single unified theory? Or is it so complex that the most we can hope for is to accumulate a series of fragmented insights that can only be partially integrated? And what is the role of the imagination in helping us to render this world, both in terms of visualizing its structures, while at the same time developing the ‘constitutive linkage of imagery with affect’,27 in order that our accounts of the world enfold the emotions, feelings, and desires which mark a proper human relationship with the world?

To begin to answer this question, we need to explore the consequences of a general trend towards disciplinary specificity, which now so often takes the form of disciplinary isolation.

The rapid growth of scientific disciplines has necessarily and legitimately led to an irreversible fragmentation of what was once seen as the single undertaking of ‘natural philosophy’. Any proposal to retrieve the category of natural philosophy would require a reversal of this historical process, which would seem to be quite unrealistic. This is a serious concern, and we shall explore it further in the next section.

Disciplinary Specificity and the Fragmentation of Knowledge

The classic expressions of early modern natural philosophy—such as Kepler’s Harmonices Mundi (1619)—often seem to embody the ideal of the uomo universale, the Renaissance polymath who was able to master multiple disciplines and integrate them within a coherent worldview.28 The shape of professional academic culture of the twenty-first century, however, is characterized more by the phenomenon of the ‘disciplinary silo’ or ‘intellectual ghetto’ which is disconnected from other fields of academic endeavour. It is increasingly difficult to master the literature of even an academic sub-discipline, let alone make connections with others, particularly in different disciplinary domains. Harvey Graff rightly points out that we must avoid thinking of disciplinarity as a problem, or idealize the intellectual past as if it were a lost interdisciplinary paradise.

Consider claims made for the classical era in Greece, the Renaissance, or the Enlightenment in relationship to disciplines and interdisciplines. Plato cannot be claimed as the first interdisciplinary thinker if there were no disciplines. Nor can Aristotle. This assertion is anachronistic, indeed ahistorical. Although equating major intellectual movements before the nineteenth century with interdisciplinarity can be a powerful force rhetorically and a rhetorical reach for precedent and genealogy, it distorts more than it clarifies.29

Disciplinarity evolved for good reasons. It is not an intellectual aberration, but a legitimate and arguably necessary development, which nevertheless has clear disadvantages—above all, a tendency towards an impoverishing compartmentalization of intellectual discussion, and a fragmentation of our vision of reality. While the practical challenges of mastering a substantial body of information across disciplines must be given due weight,30 there are other disciplinary factors that underlie the potential fragmentation of human knowledge. Perhaps the most significant of these relates to methodological diversity: each intellectual discipline offers its own angle of approach to the study of the natural world, developing research methods which are adapted to its specific objects of study. ‘It is the nature of the object that determines the form of its possible science.’31

Although I have used the language of perspectives or angles of approach thus far to point to the need for multiple investigative and representational approaches to the natural world, others prefer to speak of ‘levels’. For example, in their influential 1958 paper ‘The Unity of Science as a Working Hypothesis’,32 Peter Oppenheim and Hilary Putnam argued for a stratified ‘layer-cake’ model of reality, consisting of a series of layers or levels within the natural world.33 For each such layer or level in nature, there is a corresponding form of science, adapted to the specific identity of that particular level or stratum. The methods and concepts of that form of science are determined by the object under study in that specific stratum, rather than by methods of investigation which are applicable to other levels. The nature of the object under consideration thus determines the form which its study should take. Although Oppenheim and Putnam suggest that laws of the sciences are in principle formally derivable from lower-level laws, which many argue are ultimately those of physics, others (such as John Dupré) argue this model needs to be reframed to retain its stratified approach without apparently entailing such a reductionist metaphysic.34

Yet there is no good reason why such multiple insights, arising from different disciplines and their associated methodologies, should not be held together in some broader vision of reality. While the term ‘natural philosopher’ has now fallen out of general use, many would point to Albert Einstein as the twentieth century’s nearest equivalent. Widely acclaimed, like Newton before him, as a scientific ‘genius’, Einstein was noted for his commitment to the quest for intellectual unification.35 Many were impressed by Einstein’s willingness, as a scientist, to articulate an ethical and political vision, particularly in the aftermath of the Second World War. Einstein often spoke of the importance of ‘striving after the rational unification of the manifold’.36 Where some would argue that, since science, ethics, and religion use different intellectual methods, they are for that reason incompatible, Einstein simply treated them as different.37

Yet although Einstein presented himself as aiming for unity, harmony, and simplicity in both scientific and non-scientific matters, the basis of that unity and harmony is ultimately somewhat elusive. Einstein in effect offers a bricolage of unintegrated insights and perceptions,38 all of which are treated with respect, even if it remains unclear what methods he used to bring them together as a ‘big picture’ or ‘unified theory’. Richard Crockatt points out there is ‘a radical disjunction between the mental processes [Einstein] used to address scientific problems and those he employed to deal with moral, social, and political issues’.39 It seemed as if Einstein was a ‘compartmentalized individual whose separate selves operated almost independently of each other’.40

One possible explanation of this observation lies in Einstein’s emphasis on the importance of intuition (Anschauung) in scientific thinking, which first became prominent in his 1909 paper ‘On the Development of Our Intuition of the Existence and Constitution of Radiation’.41 This idea, of course, is evident in earlier natural philosophers such as Goethe, who had a strong sense of the role of intuitive understanding in the human engagement with nature. ‘The mind may perceive the seed, so to speak, of a relation which would have a harmony beyond the mind’s power to comprehend or experience once the relation is fully developed.’42

More recently, the palaeontologist and evolutionary biologist Stephen Jay Gould, noted for his informed immersion in the humanities, set out an intellectual vision of ‘quilting a diverse collection of separate patches into a beautiful and integrated coat of many colors’.43 For Gould, the multiple disciplines enfolded within the natural sciences and humanities were all to be respected and valued for what they were—yet also on account of the greater vision of reality that they yielded when woven together. Gould thus resisted E. O. Wilson’s account of the unity of human knowledge, which privileges the natural sciences,44 arguing for

a consilience, a “jumping together” of science and the humanities into far greater and more fruitful contact and coherence – but a consilience of equal regard that respects the inherent differences, acknowledges the comparable but distinct worthiness, understands the absolute necessity of both domains to any life deemed intellectually and spiritually “full,” and seeks to emphasize and nurture the numerous regions of actual overlap and common concern.45

Gould does not offer a rigorous theoretical account of this process of ‘jumping together’; his approach is rather to affirm that this can and should be done, and to point to an imaginative framework—such as ‘quilting’—which enables his readers to visualize how this process of bringing and holding together multiple insights might work.

Gould’s approach can be located within the growing interest within the philosophy of science at that time in conceptualizing unity as ‘interconnection’ rather than as reduction.46 This approach was developed during the nineteenth century by the American philosopher Charles S. Peirce. In his discussion of the nature of theoretical explanation, Peirce points out that a good theory ‘adds something to [observations]…because the addition serves to render intelligible what without it, is unintelligible’.47 The philosophical enterprise is that of creating connections between seemingly disconnected observations, giving rise to a larger vision of the world. Where earlier rationalist accounts of nature often displayed intolerance of complexity and a fixation on reductive approaches to explanation,48 there is growing sympathy for celebrating complexity, and finding ways of enfolding this within a more capacious vision of the world.

This point is integral to Mary Midgley’s philosophical critique of reductionism, which is helpful in recapturing something of the ethos of what was once known as ‘natural philosophy’. She argues that, while there is only one world, it is ‘a big one’—and thus demands developing multiple methods of investigation and representation that are appropriate to its complexity.49 ‘For most important questions in human life, a number of different conceptual tool-boxes always have to be used together.’50 Science is part of this ‘one world’, and cannot cut itself off from other forms of knowledge within that world—many of which are not ‘scientific’ in nature. Science is thus interconnected with, and to some extent dependent upon, other forms of human knowledge production.51

This basic principle of intellectual respect for the complexity of the world leads Midgley to argue for multiple ways of engaging it, in order to grasp and capture that complexity.

On the one hand, I want to emphasize that there really is only one world, but also – on the other – that this world is so complex, so various that we need dozens of distinct thought-patterns to understand it. We can’t reduce all these ways of thinking to any single model. Instead, we have to use all our philosophical tools to bring these distinct kinds of thought together.52

Midgley’s approach, taken alongside the other points made in this section, allows us to respond to this important concern about disciplinary proliferation and the ensuing intellectual fragmentation. On the one hand, these multiple disciples are to be seen as necessary and proper; yet on the other, each disciplinary approach (or ensemble of approaches) has to be recognized as incomplete, offering only a partial account of a complex world. Each such approach is to be respected; it is, however, to be seen as illuminating only certain aspects of nature, not its totality. We need, as Gould points out, to recognize the ‘different light that each [discipline] can shine upon a common quest for deeper understanding of our lives and surroundings in all their complexity and variety’,53 and thus work towards a ‘consilience of equal regard’.

Midgley championed philosophical resistance to the constriction of our mental visions of reality, stressing that the quality of our thinking ought to be as deep and complex as the world that we hope to understand. To retrieve a natural philosophy is thus to map an intellectual domain enfolding many local territories of rationality, each with its own distinct identity and approach, yet which contributes towards a greater overall account of what Midgley terms our ‘big world’. Each intellectual microcosm needs to be affirmed and respected for what it is, yet also seen as part of a greater vision that can properly be described as ‘natural philosophy’.

Mary Midgley on Mapping the Natural World

In recent years, there has been growing interest in the use of ‘spatialization metaphors’ in making sense of our world,54 in that these allow the visualization of complex domains of knowledge, enabling their distinct identities to be respected while at the same time disclosing ways in which they may be correlated.55 Aware of the importance of such metaphors, Midgley developed the idea of using multiple maps of the world as a means of simultaneously affirming its fundamental unity, while being attentive to its complexity. For Midgley, the natural sciences have ‘shown us the enormous complexity of the real world’, and in doing so have made ‘the idea of a single, convergent, reductive explanation out of date’. In trying to do justice to this complex world, we need to develop not a single map, but ‘a collection of maps, all of them incomplete, which together gradually shape our understanding of a new piece of country’.56 Philosophy, Midgley suggests, is ‘always looking for helpful connections’;57 the metaphor of mapping allows the interconnectedness yet distinctiveness of individual disciplines to be affirmed, while insisting that they are to be seen as compatible and complementary accounts of a greater reality.

For Midgley, we thus have to use multiple maps, each of which is incomplete in itself, if we are to do intellectual and imaginative justice to our vast and complex natural world.58 For example, a physical map of Europe shows us the features of its landscapes. A political map shows the borders of its nation states. The first might be useful to a tourist interested in mountain scenes, the second to a refugee seeking asylum. Different maps provide specific information about the same reality. We need multiple mappings of reality because each such mapping is incomplete.

No map shows everything. Each map concentrates on answering a particular set of questions. Each map “explains” the whole only in the sense of answering certain given questions about it – not others. Each set of questions arises out of its own particular background in life – out of its own specific set of problems, and needs answers relevant to those problems.59

Midgley’s mapping metaphor has an obvious application in retrieving the domain of a natural philosophy. Each individual discipline uses its own specific methods to develop its own map of the world. While each of these is adequate for its own purposes, it is incomplete. Natural philosophy could be conceived as the coordinating intellectual domain, a disciplinary imaginary which allows these maps to be superimposed, and their insights and information to be woven together into a grander vision of the natural world than any single discipline can achieve individually. Midgley’s visual image thus invites us to see or imagine natural philosophy as a grand map of the natural world, an imagined spatial domain resulting from the overlay of multiple disciplinary maps, bringing together separate disciplines such as philosophy and physics.60 They may be distinct in practice; they can, however, be brought together imaginatively, by inviting us to decide to see them as interconnected, and experience them accordingly.

Yet this form of integration is not limited to the correlation of academic disciplines—such as philosophy, physics, biology, theology, aesthetics, or ethics. It also extends to broader domains of knowledge, as we shall see in the next section.

Karl Popper’s Three Worlds

How can we map our complex world, ensuring we are attentive to its cognitive and affective significance? One of the more important aspects of early modern natural philosophy is its ability to connect with the affective and contemplative aspects of life, enfolding both the subjective and the objective aspects of the human encounter with the natural world. This suggests that Karl Popper’s concept of the ‘three worlds’—objective, subjective, and theoretical—might offer a suitable conceptual framework within which a retrieved vision of natural philosophy might hold together. Popper set out this framework in a paper entitled ‘Epistemology without a Knowing Subject’:

Without taking the words “world” or “universe” too seriously, we may distinguish the following three worlds or universes: first, that world of physical objects or of physical states; secondly, the world of states of consciousness or of mental states, or perhaps of behavioral dispositions to act; and thirdly, the world of objective contents of thought, especially of scientific and poetic thoughts and of works of art.61

These three worlds, Popper argues, are not isolated and disconnected realms, in that they interact with each other. Popper holds that the third of these worlds ‘is a natural product of the human animal, comparable to a spider’s web’,62 thus distinguishing himself from Plato’s belief that such ideas have an independent existence.

Popper’s approach was not well received,63 with particular criticism being directed against the third of these proposed worlds, which was seen as being imprecise and incoherent.64 Popper’s ontology seemed to his critics to be an unstable hybrid, drawing both on Plato and Frege on the one hand, and the natural sciences on the other. Yet while Popper’s derivation of his three worlds is not entirely satisfactory, the framework he offers has a certain intuitive plausibility, particularly in relation to cultural issues.

This intuitive plausibility may help explain the impact of the ‘three worlds’ and why it has been so widely used, especially as a framework of cultural analysis. For example, the Peruvian novelist Mario Vargas Llosa used Popper’s framework in a literary context,65 arguing that this categorization of the ‘three worlds’ offered a helpful framework for coordinating the wide range of human responses to the world.


In the almost infinite series of nomenclatures and classifications that the wise and the mad have proposed to describe reality, Karl Popper’s categories are the most transparent: the first world comprises material things or objects, the second the subjective and private precincts of the mind, and the third the products of the spirit.66

In clarifying the difference between the second and the third of Popper’s worlds, Vargas Llosa suggested that the second world consisted of ‘the entire private subjectivity of each individual, the non-transferable ideas, images, sensations, and feelings of each person’. The human constructions which make up the third world, ‘although born in the individual subjectivity, have become public’. These include scientific theories, ethical principles, literary works, religious ideas, and other cultural notions.

The cultural importance of Popper’s approach has been explored by Louise DeSalvo, who notes that literary works exist as physical objects (World One, in terms of Popper’s categories); in subjective, conscious experience (World Two); and, by virtue of their contents, as conceptual objects that can interact with worlds One and Two (World Three).67 This framework allows her to identify some problems with contemporary literary criticism, as well as suggest some solutions. The problem, she suggests, is that literary criticism has veered between taking ‘an extreme objective stance toward a literary text’ that aims to determine its essential qualities, and ‘an extreme subjective stance’ which focuses ‘exclusively on the experience of the reader’.68

DeSalvo points to ways of resolving this tension within a Popperian framework, seeing literature as ‘an interacting set of events or processes’ through which we try to make sense of our environment,69 recognizing these three different worlds and forging connections between them. More importantly, she highlights the importance of subjecting ‘individual views of the world to the critical scrutiny of other people’, and ‘testing one’s vision of the world against others’ visions of the world and readjusting one’s own view in light of what one learns’.70 What way of visualizing, of imagining, can be developed, which offers the most satisfactory rendering of objective and subjective worlds? And what can be learned from the history of such imaginings of the natural world, which we considered in some detail in the first section of this study?

In my view, Popper’s broad-brush depiction of three ‘worlds’ can be understood and used in an essentially heuristic manner, seeing them as mapping three distinct yet interconnected aspects of the human engagement with the natural world without making ontological assumptions concerning their nature, or the precise nature of their interconnections. Like DeSalvo, I am dissatisfied with the extreme objectivism of some scientific accounts of nature, and the extreme subjectivism of other approaches. Just as DeSalvo finds Popper’s account of theoretical constructions helpful in retrieving more integrated approaches to literary engagement, his framework of the ‘three worlds’ also provides a framework for the reconstruction of natural philosophy as a way of imagining the natural world that both preserves and integrates its objective and subjective aspects.

Such a framework, it must be stressed, is not observed; like a scientific theory, it is inferred and constructed by the human interpretative agent in order to make sense of what is observed and experienced—to allow us to see or imagine our world so that its complexity and coherence can be grasped.71 This naturally leads us to reflect on whether natural philosophy could now be helpfully seen as an ‘imaginary’—‘an enabling but not fully explicable symbolic matrix within which a people imagine and act as world-making collective Agents’.72 We shall discuss this point further in the following chapter.

We are now in a position to consider how a retrieved natural philosophy can connect with and hold together each of Popper’s ‘three worlds’. The issues are best discussed if we begin by considering his theoretical world and then move on to deal with his objective and subjective worlds. Although this involves looking at Popper’s ‘World Three’ before his two other worlds, it allows a smoother presentation of the overall argument for the retrieval of a viable natural philosophy. We begin by considering a way of conceiving and retrieving a way of envisaging natural philosophy (World Three), and then proceed to explore how this connects up with the objective natural realm (World One) on the one hand, and our subjective experience of nature (World Two) on the other.
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7

Theory

The Contemplation of Nature

As we have seen, Renaissance and early modern natural philosophy located what would now be described as ‘natural science’ within a broader theological, ethical, and affective context, which offered a loose conceptual or imaginative unification of the many facets of the natural world, while encouraging attentiveness to each of its aspects. This was not seen as a contrived unnatural alliance of divergent disciplines, but simply as an appropriate imaginative correlation of multiple facets of a complex world. Some such form of interdisciplinary engagement, whether known by that term or not, can be seen throughout intellectual history.1

We begin our reflections on how we might retrieve a viable concept of natural philosophy by stepping into the third of Popper’s worlds, which is made up of human intellectual constructions and artefacts—products of the human mind such as scientific theories, moral values, languages, mathematical constructions, and socially shared ideas about certain ‘things’. Although Popper’s ‘World Three’ was initially regarded with suspicion by his critics, it is increasingly being recognized as the ‘keystone of his thought, holding its arches together, unifying and extending his ideas, allowing a comprehensive vision of our place in the universe’.2

Theōria: A Way of Beholding the World

The Greek term theōria, which underlies our modern term ‘theory’, has the deeper sense of ‘beholding’ or ‘contemplating’, a term which enfolds both gaining a deeper understanding of the world and developing appropriate practices within it. There is a direct continuity here with the use of the term to refer to contemplation in religious contexts, as the widespread use of theōria in early Greek-speaking Christianity makes clear.3 Yet as we noted earlier, Aristotle tended to consider theōria as sterile and pointless (pp. 21–2), in that it seemed to serve no useful purpose in advancing human happiness. This judgement can now be seen as having been superseded in the light of the growing recognition of the importance of a sense of coherence and perception of wholeness for human mental well-being.4

The act of discerning order within the world and being able to make connections often relieves metaphysical anxiety, reassuring us of the possibility of responsible and rational inhabitation of the world. The point of a good scientific theory is to identify patterns and establish connections within nature. In his first novel, C. P. Snow—a physical chemist who later gained fame as a novelist—spoke of the sense of coherence and beauty that resulted from reflecting on Dmitri Mendeleev’s Periodic Table of the Elements (1869). The chemical world could be seen in a new way, in which the surface experience of disorder gave way to a deeper sense of ordered elegance.

For the first time I saw a medley of haphazard facts fall into line and order. All the jumbles and recipes and hotchpotch of the inorganic chemistry of my boyhood seemed to fit into the scheme before my eyes – as though one were standing beside a jungle and it suddenly transformed itself into a Dutch garden. “But it’s true,” I said to myself. “It’s very beautiful. And it’s true.”5

Some philosophers have noted the relationship between discerning coherence and experiencing resilience. Iris Murdoch, for example, wrote of ‘the calming whole-making tendencies of human thought’,6 evident in our attempts to discern patterns within our world, and impose a coherent structure upon it. Although Murdoch does not use this phrase, she recognizes the importance of an ‘inner consilience’—an imagined unification or correlation of what initially appears to be discordant and disconnected. Murdoch is, of course, aware that this can easily become the act of imposing an order of our own desiring and making, and consequently stresses the importance of a truthful attentiveness to the natural world, which helps us break free from self-serving myths and habits of thought. Nature can serve as a decentring corrective to human self-referentiality. Yet the most important discussions of the impact of theory on human well-being originate from within psychology, in response to the empirical evidence that suggests that finding coherence within the world or meaning in events promotes human well-being, and enables us to cope with trauma in life.7

Seeing Nature through a Theoretical Lens

Nature is not seen directly, but seen through an informing theōria. We do not simply ‘see’ nature; we see it as something. William Whewell argued that we do not see nature as it is, but rather approach it through a theoretical gateway: there is ‘a mask of theory over the whole face of nature’.8 The act of observation incorporates an assumed and often unacknowledged commitment to a theōria, which—like Bacon’s ‘Idols of the Mind’—might prevent us from seeing nature as it really is.

The remarkable transition from a Ptolemaic to a Copernican worldview over the course of the seventeenth century highlighted a theme which is essential to any proper understanding of a natural philosophy. Observation is not a neutral process, but is shaped by assumptions, explicit or implicit, about what is being observed. The recognition of the theory-laden nature of observation has highlighted the point that an apparently ‘natural’ or ‘unbiased’ beholding of the natural world is actually informed and to some extent determined by an assumed theory.9 Part of the ‘paradigm shift’ described by Thomas Kuhn involves seeing the world through a new theōria and appreciating the difference this makes. As Kuhn points out, a new theory allows us to observe things in a new way, displacing an older way of interpreting and envisaging the world—with significant cognitive and affective consequences. ‘Before [Copernicanism], 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.’10

Kuhn’s point is that the phenomena were unchanged; they were, however, seen in a new way. 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. The history of science offers many examples of the same object being seen in different ways as the result of using different theoretical lenses. For example, on 3 December 1714, John Flamsteed, the British Astronomer Royal observed a faint star in the constellation of Taurus, only just visible to the naked eye, which he catalogued as ‘34 Tauri’; on 13–14 March 1781, the British astronomer William Herschel observed the same object, and realized it was a planet, now known as Uranus.11

The point to appreciate is that seeing is not a mechanical act of visual capture, comparable to a photographic image; rather, it presupposes a ‘hermeneutical consciousness’ (Hans-Georg Gadamer), in that seeing is an act of interpretation, which elicits the kind of responses that Popper located in World Three—such as languages, theories, concepts, and symbolic systems of representation and meaning.12 And, as Aristotle rightly pointed out, theōria allows us to envisage a particular way of understanding ourselves and our place in the world, and thus links theōria with its appropriate ēthos and askēsis. For example, a Christian theōria leads to nature being seen as divine creation, thus pointing to the need to live according to this view of reality, and developing practices or disciplines that consolidate this way of seeing things.13 There is thus an implicit connection between theōria and praxis—a connection that was made explicit by Gadamer.

Hans-Georg Gadamer on Theory and Practice

We have already noted the importance of theōria to classic Greek philosophers. For many today, the word ‘theory’ has overtones of detachment and abstraction, allowing ‘the subject to stand over against the object’.14 If this is the case, it would seem that an appeal to theōria is of little use in dealing with this bifurcation between the divergent approaches to nature now offered by science and the humanities, which contrasts with the more holistic vision of natural philosophy.

As an example of this bifurcation, we may consider the tensions in mid-nineteenth-century England between those who saw nature in essentially objective scientific terms, and those who stressed its subjective impact on the beholder, especially in terms of arousing a sense of beauty and wonder. The former assumed that ‘the world of natural objects, of bare, clear, downright facts, is unproblematically given’;15 the latter regarded this as unacceptably reductionist, failing to give due weight to the aesthetic and affective impact of nature on humanity. The human observer is affected by the act of observation. The point to appreciate is that theory does more than link observations in the mind of the beholder, enfolding and connecting them with epistemic filaments, like those of Whitman’s ‘Noiseless Patient Spider’;16 theory also connects the human observer with nature, rather than merely establishing connections between one observed aspect of nature and another.

Gadamer points out that, in its original classic Greek context, theōria was not concerned with an abstract and detached spectatorial account of the world; it rather gives rise to a transformative contemplative journey with specific moral outcomes.17 ‘Theorizing’ was not understood as an impartial and detached apprehension of an object at a distance, but was ultimately an act of self-transformation, in that it created a redefined sense of the individual self.18 This point is echoed by Martha Nussbaum, who observes that there are limits to a constant critical detachment towards texts or the world; at points, we have to allow or force ourselves to be receptive and ‘porous’ to what is being encountered.19

In retrieving these aspects of the classical notion of theōria in his essay ‘In Praise of Theory’, Gadamer argues that, while the prevailing sense of ‘theory’ is now that of detached observation,20 this is a significantly diminished account of the classic notion.

We must ask a double question: is there perhaps more to theory than what the modern institution of science represents to us? And, is practice too perhaps more than the application of science? Are theory and practice correctly distinguished at all when they are seen only in opposition to each other?21

Theory is ‘seeing what is’; yet this seeing is an act of interpretation. It is a ‘hermeneutic concept which means that it is always referred back to a context of supposition and expectation’.22

Gadamer notes Aristotle’s emphasis on the human desire for knowledge, partly in order to survive, but more importantly to flourish and achieve happiness. Yet while Aristotle held that our ‘greatest joy’ lay in such knowledge, Gadamer stresses that he also knew the importance of human practices arising from this way of ‘seeing’ (Schauen), thus holding theory and practice together.23 Gadamer stresses that the term ‘theory’ has its origins in the observation of Greek religious festivals, in which the observer was also a participant in these events. ‘The type of vision that Gadamer associates with theōria is not that of a neutral observer, whose emphasis is on the control of an object or to turn it to their own purposes by explaining it, but rather involves participation and more relational experience.’24 Theōria does not denote a singular detached act of observation ‘that establishes what is present’, but rather involves attentive participation in what is found to be present.25

Gadamer argues that the bifurcation between the ‘theoretical’ and the ‘practical’ is in fact a modern development, which does not adequately capture Aristotle’s assumption of the fundamental interconnection of theory and practice.26 ‘Both Aristotle and Gadamer equally acknowledge the inseparability of the practice of understanding and theoretic awareness. This hermeneutic circle that mutually defines theory and practice transforms our understanding of both theory and practice.’27

Gadamer’s retrieval of theōria offers both an intellectual and a pragmatic stimulus to holding together theory and practice, as well as the intellectual and affective dimensions of the human engagement with the natural world. Emphasizing that theōria simultaneously enfolds observation and participation, Gadamer expands the category of theory to go beyond scientific and utilitarian instrumentality, enabling it to engage areas of life that lie beyond the scope of objective science. ‘The possibilities of science are limited in a far more fundamental way. There will always be areas that fundamentally cannot be approached by objectification and treated as methodical objects. Many of the things in life are of this kind.’28 In his revisionist account of the notion, Gadamer presents theōria as bridging theory and practice on the one hand, and objective and subjective aspects of the human engagement with the world on the other. This can easily be mapped onto Popper’s ‘World One’ and ‘World Two’.

Gadamer’s reflections also allow an easy alignment with Pierre Hadot’s signature claim that the philosophy of the Hellenic age was fundamentally understood and enacted as ‘a way of life’ (une manière de vivre) based on a set of practices intended to foster both discourse and behaviour that accorded with a right understanding of nature and the good life.29 A disciplined contemplation of the world enabled human self-transformation, leading to forms of practices and disciplines which served to foster wisdom.

Ancient philosophy, and the “science” it made possible, was first and foremost about the advocacy for a way of life and the disciplines that enabled its practitioners to live well (however that was conceived). Theoria, the way of seeing being recommended by a philosophical school, was inextricably connected to an ethos or way of being in the world.30

This leads us to reflect further on how we are to understand natural philosophy as such a ‘way of seeing’, which is an imaginative undertaking that is clearly located within Popper’s ‘World Three’.

Natural Philosophy as a Disciplinary Imaginary

During the 1990s, the notion of ‘imaginaries’ began to gain traction as a way of visualizing the ways in which individuals hold together multiple aspects of a complex reality. This idea emerged in the later writings of Jacques Lacan, who used the term imaginaire to designate a human subject’s capacity to achieve integration of seemingly disconnected experiences.31 Where many philosophers offered objective theoretical accounts of this process, which can be justified on rational grounds,32 others have argued that this is really about understanding how individuals imagine their social and personal worlds.33 This turn from third person objectivities to first person subjectivities places a new emphasis on the role of the imagination in organizing perceptions of the world.34 Perhaps the most familiar of this category of approaches is the ‘social imaginaries’, which is particularly associated with the philosopher Charles Taylor.

Reacting against the pre-eminence of epistemology in modern philosophy, Taylor points to the importance of ‘social imaginaries’ in shaping how we see the world and visualize its multiple aspects. Drawing on Heidegger’s notion of Verworfenheit, Charles Taylor argues that we find ourselves ‘thrown into’ an historically given way of thinking and imagining. Taylor’s point is that we inherit or embrace a way of seeing things, and subsequently rationalize this, providing a theoretical justification for connections that are already present in this ‘social imaginary’.35 While the intellectual visions of Kepler, Boyle, and Newton appear to have been shaped by prevailing ‘social imaginaries’ that regarded such a richer outcome as culturally natural and intuitively plausible, many today would suggest that this attitude is no longer ‘given’, but now has to be reconstructed through an act of reimagination.

Yet we are not trapped by or within existing or inherited imaginaries; these are products of the human mind that can be recreated and reinvented. For Cornelius Castoriades, one of the earlier advocates of the idea of a ‘social imaginary’, such imaginaries are autonomous self-constructions, and thus are not to be seen as ‘right’ or ‘wrong’. A new social imaginary can thus be constructed and inhabited, through a process of interrogating our own constructions and thus creating a new social world through imagining a preferable alternative.36 This work suggests that we might retrieve an older vision of natural philosophy through challenging prevailing disciplinary imaginaries, and constructing alternative ways of imagining the natural world. Natural philosophy can be retrieved as a ‘disciplinary imaginary’, whose intellectual coherence is created within the mind of the observer, rather than imposed by the force of prevailing academic conventions.

As we shall see, there are some important outcomes of seeing a retrieved natural philosophy in this way. In her important study of the role of ‘imaginaries’ in constituting our experience of the world, Kathleen Lennon makes the point that such ‘imaginaries’ offer us frameworks for organizing our experience of the world, and allowing us to engage both its cognitive and affective senses. An ‘imaginary is the shape or form in terms of which we experience the world and ourselves; a gestalt which carries significance, affect, and normative force’.37 It allows us to connect up aspects of our experience of the world, in that they are not merely the way we think about that world; they are also the means by which we ‘feel our way around’ that world.38

Lennon’s account of an imaginary thus allows us to see ways of connecting Popper’s ‘World One’ and ‘World Two’ through something that belongs to his ‘World Three’. The objective and subjective aspects of the natural world are thus engaged through an imaginative lens that is not observed or experienced, but is constructed—not in isolation from observation and experience, but as a means of enfolding and affirming them.

The imaginary texture involves a gestalt, a schema or organizing form, which we find in the world as experienced by us. This gestalt we have suggested, following Kant and Merleau-Ponty, is neither imposed nor simply discovered, but emerges from a creative interplay between corporeal subjects and the world within which they are placed, and to which they are sensible.39

Lennon does not consider the realm of the imaginary to be ‘a domain of illusion posited in opposition to a “real”; it is rather that by which the real is made available to us’.40 An imaginary is not something that we whimsically and arbitrarily impose upon the natural world; rather, it emerges plausibly from our interaction with that world. Lennon’s position is open to criticism;41 it does, however, open a way of holding together themes that are intuitively seen to be interconnected, with a view to exploring their relationships, and the outcome of this more expansive way of engaging the world.

This observation helps us understand how we can imagine a domain which extends across present disciplinary boundaries—boundaries that arose for specific historical reasons, yet which can be transcended imaginatively, even if they remain an important means of obtaining and structuring both our knowledge of the natural world, and the academic structures within which this is researched and taught. The increasing tendency to speak of ‘disciplinary imaginaries’ highlights concerns about potentially arbitrary boundaries between different areas of knowledge production,42 which leads to the isolation and fragmentation of discussions that properly transgress such boundaries—including many that were once enfolded in the generous conceptual space of ‘natural philosophy’. It emphasizes that there are no ‘right’ articulations of disciplinary boundaries, and invites the development of individually satisfactory reimaginations of intellectual territories. Historically, disciplines tend to fragment and diversify, often for highly pragmatic reasons. Yet there is no good reason why a wider disciplinary imaginary should not be conceived, countering this tendency towards increasing specialization, which would be capable of encouraging dialogue across multiple domains of interest and concern.

The concept of a ‘disciplinary imaginary’ can be used as an interpretative lens to understand how seventeenth-century writers—such as Kepler, Galileo, and Boyle—envisaged the intellectual domain of natural philosophy, seeing it as enfolding philosophy, theology, physics, biology, astronomy, mathematics, and—in Kepler’s case—music. These three writers offered, not so much a personal synthesis of these fields, but a personal imagined vision of their interconnectedness—a ‘disciplinary imaginary’, which they and others in this cultural location found both intuitively plausible and intellectually satisfying.

The case of Newton is particularly instructive. While some older accounts of Newton suggested that his synthesis of theology, philosophy, and science reflected a rigorous intellectual framework, more recent studies suggest that there is ‘no support for the notion that there is some simple conceptual or methodological coherence to his work’.43 Newton’s concept of natural philosophy appears to represent a personal assimilation of its multiple components, in effect representing an individual disciplinary imaginary that resonated with others during this formative period.

One of the chief virtues of retrieving this disciplinary imaginary is its receptiveness towards multiple disciplinary conversations and correlations, opening the way to potentially enriching approaches to fields such as environmental ethics, natural law, science and religion, and scientifically engaged philosophies and theologies.44 Natural law, for example, can be understood as resting on the belief that the cosmos has a moral, and not merely a physical, order,45 thus extending the scope of its investigation beyond the natural sciences. This idea is encountered in many forms, including the Confucian notion of seeking ‘harmony’ with heaven and earth.46 This would enable reconnection across such artificial disciplinary divides, and recapture something of the original spirit of natural philosophy, which links attentiveness to the natural world with the acquisition of both understanding and wisdom. It does not require abandoning present-day understandings of disciplinary identity and integrity, but rather to imagine how they might be brought into productive conversation and correlation.

In this chapter, we have sketched some aspects of Popper’s World Three—the world of human mental creations, which enable us to make sense of what we observe around us, and experience within us. Yet these theories and imaginaries do more than help us understand our world; they encourage and facilitate a deeper level of engagement with nature, which is conducive to human wisdom, flourishing, and well-being. In the next chapter, we shall turn to consider Popper’s ‘World One’, the objective world of objects that exist around us.
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Objectivity

Understanding the External World

We now turn to consider Popper’s ‘World One’—the ‘world of physical objects or of physical states’ that played such an important role in the emergence of natural philosophy in the seventeenth century in the thought of Kepler, Galileo, Boyle, and Newton. For the philosopher Mary Midgley, ‘the natural sciences are wholly dedicated to talking about objects. That is their job.’1 Scientific theories (located in World Three) represent human attempts to explain what is observed in the external world of objects (located in World One).

Science and the Quest for Objectivity

For many, the quest for objectivity of judgement, avoiding subjectivity and bias, is one of the most distinctive and important features of today’s natural sciences.2 Science is universally applicable, irrespective of its geographical or sociological location of its practitioners, or their religious or political beliefs. This quest for an objectivity which transcended partisan commitments is deeply rooted in the history of early modern natural philosophy. This was especially the case in seventeenth-century England, when natural philosophy was seen as a discipline capable of bridging the religious and political divides of that period that had been exacerbated by the Civil War.3

The concept of ‘objectivity’ was considered to be an epistemic virtue in the late seventeenth century, in that it pointed to the possibility of a universal, incorrigible knowledge, which was not contaminated or tainted by partisan concerns or cultural precommitments.4 Francis Bacon’s notion of scientific self-distancing, enacted through the neutral instrumentality of experimentation, was mirrored in an increasing emphasis on intellectual accountability.5

Bacon saw experimentation as a means of ensuring objectivity of judgement, countering the potential for self-deception in all human understanding which he expressed in his ‘Doctrine of Idols’. Any such distortions in human judgement could be corrected by the unquestionable neutrality of the experimental instrument.

Yet others questioned this judgement, pointing out the inevitable subjectivity of judgement that accompanied the interpretation of instrumental observation. The British natural philosopher Margaret Cavendish rejected ‘the validity of the subject-object boundary’, while highlighting the significance of the restricted knowledge of nature that was possible for humanity on account of the location of the human observer within—not above—nature.

Cavendish’s assertion that nature cannot be wholly known arises not merely out of a confrontation with the enormity of nature’s infinite, but also out of a belief that man is inextricably a part of the nature he seeks to know: there simply exists no outside vantage point from which to view and thereby to control some object called nature.6

For Cavendish, the Baconian claim to ‘objectivity’ could not be detached from the human tendency to create, and not merely communicate, knowledge.7 It is an important point, even though it ran counter to the dominant trends in the natural philosophy of the age.

Virtuosi, according to this consensus, were those whose ideas were informed by neutral and detached observation, experiment, and critical reflection on the natural order on the one hand, and who expressed their evidence-based opinions in an undogmatic, cautious, and gracious manner on the other, aware of their own corrigibility and fallibility.8 Boyle and Newton, for example, both stressed the provisional nature of experimental findings, and believed that the only way to discover what kind of world God had created was to investigate that world empirically, using neutral tools of investigation that ensured objectivity of judgement.9

In modern natural sciences, the distinction between objectivity and subjectivity primarily concerns the extent to which the various implicit and explicit biases of the knower can be neutralized or eliminated from the process of knowledge production. This point is widely accepted, even though it clearly needs nuancing. Nicholas Rescher, for example, argues that the essence of an objective judgement is that it possesses ‘a cogency compelling for everyone alike (or at least all normal and sensible people), independently of idiosyncratic tendencies and inclinations’.10 This, he suggests, means trying to identify and eliminate ‘biases, idiosyncrasies, predilections, personal allegiances, and the like’11 from our attempts to understand the world and ourselves.

There is, however, an obvious problem with this approach, in that it appears to treat pre-understandings simply as ‘bias’. To observe the world is not simply to record what is there; it is to impose or employ some implicit descriptive framework in interpreting what is observed. Observation is an interpretative process, laden with implicit theoretical precommitments.12 Scientific progress does not take place by eliminating the biasing effect of such pre-understandings, but by revising and refining what come to be recognized as inadequate pre-understandings, and replacing them with more developed understandings that are better placed to accommodate those data and experiences. Daniel Dennett develops this point further, noting that natural scientists might incorporate unacknowledged and unverified philosophical ideas in their theories. ‘There is no such thing as philosophy-free science; there is only science whose philosophical baggage is taken on board without examination.’13

Yet some would argue that science is objective in a second sense, holding that the natural sciences engage only with the objects of the physical world, with the intention of achieving a rational understanding of the world. This approach, which became particularly important in the later nineteenth century, regards any form of emotional, affective, or aesthetic engagement with nature as inappropriate. The natural sciences report on nature, avoiding any affective response to nature, or any sense that the observer is participating in what is observed. Engagement with the objective world is thus held to lead to impersonal quantified accounts of nature, deliberately setting to one side any subjective engagement with the natural world—such as an experience of wonder at its beauty.14

Yet this emphasis upon objectivity simply reified subjectivity as the ‘other’, in that objectivity cannot be articulated without an opposing subjectivity.15 This artificial and unsustainable separation of the objective and subjective is out of place within a natural philosophy. The two may certainly be distinguished, as in Popper’s useful framework of the ‘three worlds’; yet this distinction is intended to allow each of them to be considered in greater individual depth, to explore the way in which they can relate to each other, and to appreciate the outcomes of this process of correlation, especially in the multifaceted human engagement with the natural world.

The natural sciences aim to make rational sense of our world, placing particular emphasis on its intelligibility.16 Especially in popular scientific writing, the scientific enterprise is articulated primarily in ways that privilege the domains of the rational or cognitive, and play down the emotional, imaginative, or affective domains.17 It is certainly true that human beings seem to have an innate desire and capacity to make sense of our world, perhaps arising from some deeper evolutionary instinct.18 Yet this ‘understanding’ cannot be framed simply in terms of logical analysis and quantification. As the history of science makes clear, this ‘logic of scientific discovery’ often involves an appeal to the imagination in generating hypotheses, and an appeal to the human sense of beauty in evaluating the scientific theories that result.19 The journey of scientific discovery does not end in a cold rationalism; indeed, this journey might not even begin with a desire to make sense of things. As many, including the poet Hermann Hesse, have pointed out, an experience of wonder is often both the emotional trigger and imaginative gateway to a pilgrimage of intellectual discovery.20

Thomas Nagel on the Limits of Objectivity

For Thomas Nagel, ‘there are things about the world and life and ourselves that cannot be adequately understood from a maximally objective standpoint.’21 Nagel clearly thinks of a spectrum of possibilities existing between the objective and subjective, and is particularly critical of those who consider it possible for an observer to adopt a purely detached objective account of every aspect of existence. ‘We may think of reality as a set of concentric spheres, progressively revealed as we detach gradually from the contingencies of the self.’22 Nagel’s point is not that there is a distinct ‘subjective’ metaphysical realm, but that the single reality of our world requires engagement and apprehension from both objective and subjective perspectives or points of view, while noting the difficulties for an external observer in understanding another’s ‘point of view’.

Nagel thus argues that there are limits to a purely objective account of the world which render it incomplete as a basis for humane life and thought. In his influential essay ‘What Is It Like to Be a Bat?’, Nagel maps out some significant lines of concern about such an excessive objectivity, even if he does not quite manage to articulate a clear alternative.23 For Nagel, the nature of human consciousness is such that a subjective perspective on the world is proper and inevitable. The physical sciences take the form of ‘a domain of objective facts…that can be observed and understood from many points of view’. Yet a subjective perspective expresses what it feels like to be a given subject. And for that subject, this constitutes the ‘subjective facts’ that not only ‘embody a particular point of view’, but which are ‘accessible only from one point of view’.24 Nagel illustrates this point by considering how someone might enter into another person’s point of view: ‘The subjective character of the experience of a person deaf and blind from birth is not accessible to me, for example, nor presumably is mine to him. This does not prevent us each from believing that the other’s experience has such a subjective character.’25

Nagel’s analysis is important to the natural philosophical project developed in this volume for two reasons. First, he highlights the importance of our subjective perceptions of the world for us. How the world appears to me is not the same as how it appears to you. Second, it highlights a difficulty noted earlier in exploring the specific accounts of natural philosophy offered by Kepler, Boyle, and others—namely, that these tend to take the form of personal syntheses or viewpoints whose internal rationalities are not entirely accessible to us today, in that they are individual constructions which were clearly considered plausible and reasonable to those who constructed them, as well as others who engaged them. There is clearly a cultural element to these ways of thinking, which is not self-evident or intrinsically plausible to those in a different cultural context.

Nagel’s analysis confirms both that an objective scientific knowledge of our physical world is important, and that there is more that needs to be said about that world, not least its impact on human subjective experiential worlds, and its role in catalysing and informing a quest for meaning in life, and the pursuit of the good life. Natural philosophy sought to capture this wider vision of scientific knowledge, and use it to develop practices and values which enabled meaningful inhabitation of the natural world.

Yet this broader vision of the human engagement with the natural order faced a significant challenge in the twentieth century, through the intellectual movement now known as ‘scientism’. In the next section, we shall explore this development, and how it relates to the retrieval of a natural philosophy.

Scientism: The Redundancy of Philosophy?

Most philosophers take the view that each academic discipline has the ability to illuminate part of a larger picture, and thus exists in a collaborative relationship with other forms of knowledge. This view has, however, met with resistance from a group of writers who want to grant epistemic privilege to the natural sciences. While such views are found mainly among scientific popularizers, often accompanied by unsubstantiated rhetoric about the ‘death of philosophy’, they can also be found in more sophisticated forms which merit serious attention. For example, Edward O. Wilson acknowledges that many now regard the natural sciences, social sciences, and humanities as separated ‘by an epistemological discontinuity, in particular by possession of different categories of truth, autonomous ways of knowing, and languages largely untranslatable into those of the natural sciences’.26 Yet for Wilson, the unifying agenda of the Enlightenment holds that everything is ‘ultimately reducible…to the laws of physics’.27

The term ‘scientism’ is now widely used to refer to reductive views such as that of Wilson,28 which allocate the fundamental right to discursive justification exclusively to the natural sciences. The Italian philosopher Evandro Agassi suggests that the defining feature of scientism lies in its endemic reductionism, which insists that ‘the whole is identical with a horizon which is actually partial, no matter how spacious it might seem.’29 Scientism is sometimes described using unhelpful value-laden judgements in referring to the extent to which the natural sciences can inform or determine philosophical, ethical, or religious issues. For example, Susan Haack frames scientism in terms of an ‘exaggerated kind of deference to science’, or an ‘excessive readiness’ to accept a scientific pronouncement as authoritative.30

But who decides whether such attitudes are ‘exaggerated’ or ‘excessive’? There is no extra-disciplinary ‘view from nowhere’—comparable perhaps to Henry Sidgwick’s ‘point of view of the universe’31—that allows us to determine objectively the extent to which the natural sciences ought to be involved in the deliberations and decisions of other disciplines—or, indeed, the extent to which other disciplines, particularly history and philosophy, ought to be involved in scientific reflection.

The philosopher Alex Rosenberg offers a definition of scientism, which is a helpful starting point for reflection on interdisciplinary knowledge production. For Rosenberg, scientism

is the conviction that the methods of science are the only reliable ways to secure knowledge of anything; that science’s description of the world is complete in its fundamentals; and that when “complete,” what science tells us will not be surprisingly different from what it tells us today.32

If Rosenberg’s view is accepted, it follows that the category of natural philosophy becomes redundant, in that the natural sciences are able to answer any valid philosophical questions relating to the natural world, and the place of humanity within it.33

Three significant criticisms can be made of scientism, when it is framed in this way. First, its legitimacy rests on what appear to be circular forms of argument. If the natural sciences are proposed as the only reliable source and criterion of knowledge, how can this claim be shown to be ‘knowledge’, rather than merely an ‘opinion’, other than by an appeal to the natural sciences themselves? The validity of an epistemic rule R is thus confirmed by the application of that same epistemic rule R. This charge of circularity could be avoided by justifying the reliability of science by an appeal beyond the sciences, drawing on the support of other disciplines in order to make a cumulative case for this belief. Yet in making such an appeal, the reliability of non-scientific disciplines and authorities is implicitly being conceded.

So how might the methods of the natural sciences be used to prove that those methods are the only reliable ways to secure knowledge of anything? Mikael Stenmark points out that it is very difficult to devise a credible scientific experiment which would show that science determines the limits of reality, or demonstrates that other methods of investigating of the world are inadequate or invalid.34 In any case, there appears to be a category error here, in that what are being assessed are actually second-order philosophical claims about science, which cannot be verified experimentally. This suggests that the confirmation or refutation of such an approach to science would therefore have to be conducted on a philosophical, rather than a scientific, basis.35

Second, scientism, as defined by Rosenberg, fails to give due weight to the provisional nature of science. Rosenberg suggests that when it is ‘complete, what science tells us will not be surprisingly different from what it tells us today’. I am not aware of any compelling empirical evidence for this bold assertion. One obvious problem is the phenomenon of radical theory change in scientific history. The scientific consensus over time has shifted dramatically and often unpredictably.36 The scientific enterprise is not yet terminated or completed, and its present findings are incomplete, and in some cases possibly erroneous.37 In his inaugural lecture at Cambridge University in 1879, the physicist James Clerk Maxwell warned against any complacency on this matter.

This characteristic of modern experiments – that they consist principally of measurements – is so prominent, that the opinion seems to have got abroad, that in a few years all the great physical constants will have been approximately estimated, and that the only occupation which will then be left to men of science will be to carry on these measurements to another place of decimals.38

Today’s theories might turn out to be transient staging-posts, rather than final resting places; they might be better than those they had displaced, but they are not right for that reason. The ‘received wisdom’ of the natural sciences is not static or fixed, but is rather subject to constant review, so that ‘the price of scientific progress is the obsolescence of scientific knowledge.’39 It is important to recall that the scientific consensus of the first decade of the twentieth century was that the universe was more or less the same today as it always had been; yet this once fashionable and seemingly reliable view had been eclipsed by the seemingly unstoppable rise of the theory of cosmic origins generally known as the ‘Big Bang’.40

James Ladyman, in defending a more cautious concept of ‘scientism’, points out that ‘fallibilism is integral to the scientistic spirit, and it is entirely in accord with it to say that science is the worst source of knowledge about the world apart from all the rest. The history of science teaches us that even cherished laws may be subject to revision.’41 As Arthur Koestler remarked, during his exploration of changing scientific ideas about the universe: ‘The progress of science is strewn, like an ancient desert trail, with the bleached skeletons of discarded theories which once seemed to possess eternal life.’42 The history of science may thus help us reflect on what its potential futures might be.43

A third concern arises from the influential ‘critical realist’ analysis of Roy Bhaskar. For Bhaskar, ontology determines epistemology; it is the nature of an object that determines both what can be known about it, and how it is to be known. Bhaskar’s critical realism offers a helpful way of critiquing scientism as the improper imposition of a research method appropriate for one level of reality onto every aspect of the natural and social world.44 For Bhaskar, ‘the nature of the object’ determines ‘the form of its possible science’. Scientism, Bhaskar notes, denies that there are ‘any significant differences in the methods appropriate to studying social and natural objects’.45

If Bhaskar is right, scientism—whether intentionally or not—reduces reality to what can be known through the application of one specific research method. Epistemology is thus allowed to determine ontology, in that the use of one specific research method determines what is ‘seen’—and hence judged to be real. Scientism is, on this approach, blind to the existence of levels of reality that cannot be engaged by the methods of the natural sciences—methods, it must be added, which were actually developed with other research tasks in mind. Examples of such levels which are inaccessible using these scientific methods include questions of existential meaning and moral value.46

These three points, when taken together, point to the continuing importance of the disciplines of the history and philosophy of science in helping us to understand both the nature and limits of scientific knowledge, and the manner in which a revived natural philosophy might offer a fuller and more satisfying account of the place of the natural sciences in the human quest for wisdom. To live meaningfully in this world, human beings need more than a purely scientific analysis of our universe is able to provide. As Eleonore Stump caustically (yet perceptively) remarked, there is no good reason to suppose that ‘left-brain skills alone will reveal to us all that is philosophically interesting about the world’.47

Neo-Confucianism: Scientism and Natural Philosophy in Twentieth-Century China

Although the capacity of the natural sciences to provide authoritative and comprehensive answer to all of life’s questions has been discussed extensively in western academia, it is too easy to overlook developments in twentieth-century China, which have important consequences for any informed reflection about the scope and future of natural philosophy. Several forms of natural philosophy can be discerned within China’s rich cultural history, with roots that can be traced back to the classical period. Daoism, Confucianism, and Buddhism all developed forms of natural philosophy, often focusing on the issue of achieving ‘harmony’ between heaven and earth.48 Yet these did not lead to the emergence of the natural sciences in their western form,49 characterized by the use of the experimental method, and a Baconian agenda of transforming nature through an enhanced understanding of its functionalities.

In 1919, however, things changed. Following the collapse of the of the Qing dynasty in 1912 and the end of the First World War in 1918, Chinese nationalists called for a rejection of traditional values—which were widely associated with Confucianism—and the adoption of the western ideals of ‘Mr. Science’.50 The ‘May Fourth Movement’ increasingly saw western science as a means of modernizing China, and enabling it to achieve its potential, particularly in the face of western cultural and political encroachment.51 Traditional Confucian values came to be seen as reactionary, inhibiting the social change and technological advances that were essential if China was to become a modern nation state. Modernization of China came to become associated with an idealist belief in ‘the power of science to modify society by using the methods, values, and ideas underlying science’.52 Gradually science came to be seen not simply as an instrument or a technique for achieving cultural and social change, but as an ideology—a way of determining values and meaning.53

The form of scientism that emerged in China in the early decades of the twentieth century had two main elements: a ‘conception of science as an all-inclusive system of nature which not only informs us of objective reality concerning the physical universe but prescribes an outlook on human life and society as well’; and the core conviction that science represented a ‘mode of thinking, a methodology which promised to be the only valid way of understanding life and the world’.54 A good example of this approach in the 1920s is found in the works of the geologist Ding Wenjiang, who advocated a scientific rationalism which restricted itself to categorization of observations of the physical world. ‘The scientific method is nothing but the division into classes of facts in the world and the search for their order.’55

In a lecture given at Qinghua University on 14 February 1923, Zhang Junmai argued that this growing trend towards scientism was destructive of some traditional cultural values, and drew on the writings of European philosophers such as Henri Bergson (1859–1941) who had established themselves as critics of scientism and positivism in opposing the overextension of science.56 Zhang Junmai’s criticism focused on the impoverishment of the subjective, which was the inevitable outcome of science’s attempt to objectify reality, and reduce this to a unified worldview. Yet these points were not made in dialogue with traditional Chinese intellectual traditions, but rather their European counterparts.

In the late 1950s, however, a traditional alternative began to emerge. ‘Neo-Confucianism’ presented itself as maintaining continuity with older and distinctively Chinese understandings of the natural world, and offering answers to important questions that could not be answered on the basis of science alone.57 The potential tensions between ‘science’ and ‘philosophy’—two categories that do not easily fit into traditional Chinese taxonomies of knowledge—were of no small importance in the genesis of Neo-Confucianism.58 In the past, Chinese intellectuals had located the intelligibility of the world in the metaphysical worldview offered by traditional Chinese religion and philosophy. While recognizing that the natural sciences offered a new way of making the external world intelligible, there were increasing concerns that this form of scientism proved incapable of engaging deeper questions of value and meaning.

Neo-Confucian intellectuals did not deny the usefulness of scientific discourse as such, but rather pointed out the need to complement its ‘objective logical causal mode of thinking with an approach which promised to yield a subjective, direct, and empathic comprehension of the world’.59 This development, particularly when seen against the widespread revival of Confucianism in contemporary China,60 points to the kind of synergy between science and other forms of human knowledge that is characteristic of western natural philosophy, and the need to offer an account of the world which was attentive to both its objective and subjective dimensions.

Although the natural sciences can indeed be considered to be universal in terms of their methods of investigation and criteria of theory choice, there is a growing recognition that science is culturally embedded, interacting with other cultural stakeholders. The emergence of ‘natural philosophy’ in the West, especially during the early modern period, points to the intersections and interactions of what might now be called ‘science’ with wider social, political, and philosophical issues. The rise of Neo-Confucianism can be seen as enabling Chinese scientists to retain their cultural identity, offering a framework which both encourages the development of the sciences and recognizes the need to engage deeper questions of meaning and value that are not themselves adequately or reliably engaged by the scientific method.61

This naturally leads us to move on to consider Popper’s ‘World Two’ in the next chapter, and reflect on its importance for a retrieved natural philosophy.
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Subjectivity

An Affective Engagement with Nature

Popper’s ‘World Two’ enfolds our subjective personal perceptions and experiences. In common with Popper’s other two worlds, this world is better seen as broadly descriptive, rather than precisely analytic. Yet it is a world that many intuitively recognize as plausible and meaningful, mapping broad aspects of human existence and reflection that are not adequately rendered by a purely objective account of reality. For many, this aspect of human existence is of defining importance.1 Yet it seems to be excluded by a purely objective account of the natural sciences. David Hume, for example, contrasted the objectivity of human reason with the risk of a subjectivity based on taste:

The distinct boundaries and offices of reason and of taste are easily ascertained. The former conveys the knowledge of truth and falsehood: the latter gives the sentiment of beauty and deformity, vice and virtue. The one discovers objects as they really stand in nature, without addition or diminution: the other has a productive faculty, and gilding or staining all natural objects with the colours, borrowed from internal sentiment, raises in a manner a new creation.2

Yet it is one thing to make knowledge dependent on taste, and quite another to acknowledge the existential importance of the subjective world of human experience, and attempt to weave this into an overall account of the human encounter with nature. In what follows, we shall consider the importance of some subjective aspects of human existence.

Human Subjectivity: Space and Time versus Place and History

As human beings, we are both observers of nature, and part of nature. We are participants in the historical process, who try to make sense of it as it unfolds.3 Yet this is only one way of framing our inhabitation of the world of space and time. One of the most striking features of Newton’s Principia Mathematica is its mathematization of the notions of absolute time and absolute space.4 Although Newton regarded space and time as distinct entities, this view was successfully challenged by Hermann Minkowski in a lecture of 1908, in which he reconceptualized Einstein’s new theory of special relativity, formulated in 1905, in terms of a four-dimensional ‘spacetime’, which unified the notions of space and time.5 This development raised some difficult philosophical questions, as a unified ‘spacetime’ seemed to bear little relationship to how humans subjectively experience living in space and time.6

In his 1928 classic The Nature of the Physical World, Arthur Eddington noted how there was a significant disparity between the pure objectivity of physics and the subjective experiential world of individuals. While stressing the physical adequacy of Minkowski’s representation of the world, Eddington noted that ‘something must be added to the geometrical conceptions comprised in Minkowski’s world before it becomes a complete picture of the world as we know it.’7 For Eddington, who played a critical role in confirming Einstein’s theory of General Relativity in 1919, this ‘picture as it stands is entirely adequate to represent those primary laws of Nature’; it is not, however, adequate to engage our inner perceptions of the passage of time. Something important seems to be missing from such a purely objective account of time.

From the perspective of physics, Einstein held that the ‘distinction between past, present and future has only the meaning of a persistent illusion’.8 A purely physical account of the present moment, as distinguished from the past and future, can easily be offered; yet this fails to account for why human beings both consider the present to be distinct from the past and the future, and regard it as having special significance. Past, present, and future can be represented chronologically and spatially using a world line—yet their significance cannot be represented existentially in this way. Most people find it difficult to think neutrally and dispassionately about the transition from a past in which we did not exist, through a present in which we live and think, to a future in which we will no longer exist. Rudolf Carnap, reflecting on his discussions with Einstein about the ‘present moment’ at Princeton during the late 1940s, suggested that Einstein had concluded that scientific descriptions cannot satisfy our human needs, in that there is something essential about the ‘present moment’ that lies beyond the reach of science.9

The difficulty here is that the objective scientific language of ‘time’ and ‘space’ is inadequate to account for these aspects of human existence. For example, an objective account of the physical geography of Australia is not capable of capturing the subjective importance of features of that landscape to Australian aboriginal populations, in terms of the memories which are linked with certain places, or to the meaning that individuals and communities attach to them.10 A purely objective account of physical geography is incapable of identifying and preserving these aspects of the cultural landscape. Alongside the spatial realities of physical geography, there exist important and identity-giving networks of memory and attachment to place.11 A holistic account of the significance of such landscapes needs to bring both these objective and subjective aspects together. Each demands quite different methods of investigation and representation in order to do them justice.

For Aristotle, a ‘place’ (topos) was essentially an inert container, an abstract point that was not fundamentally different from any other point.12 Yet Aristotle fails to take account of history, memory, and the human tendency to attach significance to places. We have seen how this is significant in relation to Australian aboriginal culture; it is also a highly significant issue in relation to the land of Israel, in which these factors play a decisive role in Jewish tradition.13 Walter Brueggemann captured this entanglement of history, memory, belonging, and place in ancient Israel in his landmark work The Land, in which he argues that to make sense of the preoccupations of ancient Israel, a fundamental distinction had to be made between ‘space’ and ‘place’: ‘Place is space which has historical meanings, where some things have happened which are now remembered and which provide continuity and identity across generations.’14 Brueggemann’s analysis of the history of Israel rightly emphasized the manner in which specific places play a critically important place in human life, not least in that they function as anchor points for memory, identity, and aspiration. They continue to be important for many Jews to this day.15

To be clear, there is nothing wrong with the objectivity of physical geography, or any other science. My point is simply that there is more that needs to be said. The case of natural landscapes is particularly significant, in the light of their affective impact on people—not merely in evoking a sense of beauty or awe, but in terms of their memories, associations, and attachments, which are so important to some individuals and people groups in shaping personal identity.16 The problems arise when we are asked to believe that there is nothing more to reality than what the physical realm discloses. This foreclosure and abbreviation of a complex reality may be appropriate for certain analytical enterprises, but it fails to deal with the complexities of the human interaction with the natural world.

The conceptual space once known as ‘natural philosophy’ allowed engagement with both the objective and subjective aspects of time and space, holding them together in a creative tension. It is not that one is right and the other wrong; it is that each represents a different, yet important, aspect of the complex dynamic of human existence within the natural order. They offer different modes of envisaging and representing our place in the universe, shaping our understanding of who we are, and how we should inhabit the natural world. They both need to be integrated within a richer and deeper understanding of our world—such as that which might be offered by a reconceived natural philosophy.

Beauty and Wonder: An Affective Engagement with Nature

Many would argue that one of the gateways to the study of the natural sciences is a subjective experience of wonder or awe at the immensity or beauty of the natural world.17 These experiences both compel attentiveness towards nature, and reward it. People often experience a sense of wonder at the beauty of some aspects of nature—such as sunsets, night skies, and expansive landscapes.18 Yet beauty elicits desire, creating a sense of longing for participation that goes beyond mere observation. This, as C. S. Lewis observed, is an immersive desire.

We do not want merely to see beauty, though, God knows, even that is bounty enough. We want something else which can hardly be put into words – to be united with the beauty we see, to pass into it, to receive it into ourselves, to bathe in it, to become part of it.19

Lewis’s point is that we are not merely drawn towards beauty; we are drawn into it, in a process that demands what John Cottingham has helpfully styled an ‘epistemology of involvement’ rather than an ‘epistemology of detachment’.20 There are clear parallels with Gadamer’s account of the relation of theory and participation, noted earlier (pp. 133–5). The observer of nature is affected by this encounter, and drawn into a deeper relationship with the natural world.

This point is particularly significant in relationship to landscapes and environmental issues. The environmental philosopher Holmes Rolston draws attention to the implications of this observation for attempts to construct a coherent account of the human response to natural landscapes that is appropriate to the environmental challenges that we face.

We do not always need science to teach us what happens on landscapes, though science enriches that story.…Science brings insight into continuing organic, ecological, and evolutionary unity, dynamic genesis; but such unity may also have already been realized by pre-scientific peoples in their inhabiting of a landscape. Science can engage us with landscapes too objectively, academically, disinterestedly; landscapes are also known in participant encounter, by being embodied in them.21

As we noted in the previous section, these multiple responses to natural landscapes and vistas highlight the dangers of limiting the human engagement with nature to what can be measured or weighed.22

For Rolston, one of the issues concerns the sensitization of the human observer to what is being observed—a process which is certainly informed by science, yet which transcends scientific or utilitarian considerations. Engagement with a natural landscape—as with nature in general—has two focal points: first, that ‘aesthetic experience must be participatory, relating an actual beholder to a landscape’; and second, ‘that nature is objective to such beholders, actually known in the physical and biological sciences’.23 These can be correlated; they are not, however, identical. ‘We humans carry the lamp that lights up value, although we require the fuel that nature provides.’24 There has to be a way of holding together objective and participatory engagement with such landscapes.

In observing and valuing nature, we bring a plurality of interpretative frameworks to bear, which are often unconnected in terms of the manner in which these are derived and acquired, the manner in which they are integrated within an individual’s mind, and the manner in which they are applied. These theories may originate from rational reflection, or from the radical epistemic transformations that are often associated with religious conversion. William James noted that this often led to ‘a transfiguration of the face of nature’, in which a ‘new heaven seems to shine on a new earth’.25

As Rolston stresses, human beings develop their own distinct outlooks on nature, which are shaped by many factors—such as personal experience, religious beliefs, scientific knowledge, and the desire for happiness—which are woven together to create a way of seeing—and hence valuing—the natural world.26 The observer of a beautiful landscape might find herself overwhelmed with its beauty, intrigued as to what scientific explanations might be offered for its shape and structures, and impelled to preserve its beauty through appropriate ecological strategies. These responses are connected primarily by the order-creating mind of the individual observer.27

Yet a question might arise here: if beauty is a subjective matter, how are we to account for the widespread interest in aesthetic evaluations of supposedly objective scientific theories?28 Not only are such theories often described in subjective terms as ‘elegant’, ‘beautiful’, or ‘ugly’; many of the core terms historically associated with ‘natural philosophy’ are clearly dependent on human aesthetic judgements—such as symmetry, simplicity, coherence, elegance, and harmony.29 In 1954, the brilliant quantum theorist Paul Dirac declared that ‘physicists generally have come to believe in the need for physical theory to be beautiful, as an overriding law of nature. It is a matter of faith rather than of logic.’30 This resonance between aesthetic and scientific theorizing is clearly significant, even if it is not fully understood.

The hallmarks of scientific understanding are similar to an aesthetic feature associated with literature, music, and the visual arts. It is the feature described as coherence, harmony, and inevitability of fit. Aesthetics thus plays an epistemic role in science as an indication of understanding.31

This puzzling resonance between theoretical beauty and scientific truth can be accounted for in a number of ways—for example, through an appeal to the traditional Thomist idea that beauty is a transcendental reality, or the suggestion that supposedly aesthetic judgements are actually disguised epistemic assertions.32 Yet whatever its explanation may be, this correlation is an important indication of the need to interconnect subjective human perceptions and objective scientific accounts of the world.33

Responding to Nature: Science, Poetry, and the Imagination

What language should we use to try and represent nature? In the case of the physical world, the most appropriate language is that of mathematics, which proves remarkably capable of rendering its contours and interconnections. We have already noted Galileo’s firm conviction that mathematics was the natural language of the cosmos.34 This broad picture, which emerged within early modern natural philosophy, arguably reached its peak in Newton’s Principia. The ‘mathematization’ of nature was admirably suited to objects in Popper’s ‘World One’—for example, in describing and then explaining the orbits of the planets. But what of Popper’s ‘World Two’?

One of the reasons for offering an extended conversation with the history of natural philosophy in the first part of this work is to make it clear that what we now know as ‘science’ evolved slowly in constant and mutually enriching dialogue with other disciplines that would now be seen as constituting a different intellectual domain—the humanities. Tom McLeish makes the important and entirely fair point that ‘claiming science as an exclusive property of the modern world removes the deep and slow cultural development of an imaginative and creative engagement with nature that develops, at least chronologically, alongside the story of art in its own multitude of forms.’35 Each has an important place in the spectrum of human knowledge and cultural engagement.

It seems as if a different language has to be used in order to express the affective impact of the natural world upon us—a language that is capable of evoking something of this impact, and not merely describing it. It is now widely accepted that different disciplines develop their own distinct research methods, conceptualities, and languages, adapted to their specific areas of concern and exploration.36 Poetic language aims to describe the impact of nature on human beings, not through the precise analytical language of mathematics, but using language that both displays and elicits desire, amazement, wonder, or awe.

Some might suggest that this linguistic dichotomy could be mapped onto the neurological lateralization of the left and right human brain hemispheres, perhaps in the manner suggested by Iain McGilchrist in The Master and His Emissary (2009). While concerns might be raised about aspects of his approach,37 McGilchrist avoids any simplistic equation of the left hemisphere with the cold rationalities of scientific logic and the right with the intuitive capacities of artistic creativity, yet notes the complex interaction between our inclination to dissect and our desire to make whole: ‘Our talent for division, for seeing the parts, is of staggering importance – second only to our capacity to transcend it, in order to see the whole.’38

In its original forms, natural philosophy was as much about the celebration of the totality of nature, as an analysis of its individual components. The personification of nature—as in ‘Mother Nature’—was one of several devices used to affirm the fundamental unity of the natural world, while encouraging exploration of its multiple aspects.39 Yet the fragmentation of natural philosophy in England during the nineteenth century led to tensions between those who saw nature in essentially objective scientific terms, and those who stressed its subjective impact on the beholder, especially in terms of arousing a sense of beauty and wonder. The former assumed that ‘the world of natural objects, of bare, clear, downright facts, is unproblematically given’;40 the latter regarded this as unacceptably reductionist, failing to give due weight to the aesthetic and affective impact of nature on humanity.

Robert Hunt, a Victorian poet who was sympathetic to the sciences, nevertheless expressed concern about the suppression of the imagination in an age that seemed to be increasingly shaped by concerns about matters of fact and questions of utility.41 In his Poetry of Science (1848), Hunt offered what is in effect a disciplinary imaginary, in which the natural sciences are concerned with an ‘inductive search’ for basic principles, philosophy with the deduction of ‘large generalities from the fragmentary discoveries of severe induction’, and poetry unifies the ‘facts of the one and the theories of the other’, allowing observation of the world to be connected with ‘exalted ideas’.42 It is not necessary to accept Hunt’s specific understanding of individual disciplines to appreciate the point he is making; in effect, his plea is for a unified vision of reality that transcends the specific individual forms of human knowledge production, and a language that is capable of doing justice to the beauty and wonder of nature.43

Hunt’s point is developed by the environmental activist Wendel Berry, who argues that the language of science fails to excite and engage those who could—and should—be concerned about the destruction of natural habitats. How, he asks, can these people be plausibly invited to ‘save’ a world which their technological language has reduced to an assemblage of utterly featureless abstractions? A new language has to be found that is capable of evoking compassion and concern for its protection and renewal on the part of human agents.

The problem, as it appears to me, is that we are using the wrong language. The language we use to speak of the world and its creatures, including ourselves, has gained a certain analytical power…but has lost much of its power to designate what is being analyzed or to convey and respect or care or affection or devotion toward it.…It is impossible to prefigure the salvation of the world in the same language by which the world has been dismembered and defaced.44

Hunt’s unificationist aspirations are echoed in the poetry of Rebecca Elson, an observational astronomer at the University of Cambridge until her early death in 1999, at the age of 39. Elson’s poems—published posthumously as A Responsibility to Awe—are remarkable attempts to explore the ‘antithesis between matters of the mind, such as mathematical and logical reasoning, and matters of the heart, which connotes her more creative, intuitive, and emotional faculties’.45 How are we to visualize dark matter, when it cannot be seen? And what is its deeper significance?


Above a pond,

An unseen filament

Of spider’s floss

Suspends a slowly

Spinning leaf.46



In this remarkable haiku-like poem, Elson ‘transformed the “dark matter” of her scientific study into poetic mystery, even into the mystery of her own impending death’.47 Elson’s poetry allowed her to explore the feelings and existential anxieties that contemporary cosmology evoked within her—feelings that the objective language of science could not adequately or appropriately express, but which were integral to Elson’s perceptions of the cosmos, and her place within it.

Elson and Hunt can both be seen as what Mary Midgley describes as ‘bridge builders’ between science and poetry, who were convinced that the ‘antithesis between thought and feeling’ was false, and needed to be overcome or subverted.48 Other examples could easily be given—think, for example, of Wittgenstein’s positive reflections on the mutual engagement of poetry and philosophy.49 The musical notion of harmony can be expressed objectively at the mathematical level, but is experienced subjectively by the listener; as Kepler showed, it could also be connected with a wider frame of discourse within natural philosophy.50 Midgley herself cites an entire untitled early poem of 1864 by Gerard Manley Hopkins to illuminate the need for an informed ‘reshaping of our whole conceptual background’ in response to the emergence of a scientific culture:51


It was a hard thing to undo this knot.

The rainbow shines, but only in the thought

Of him that looks. Yet not in that alone,

For who makes rainbows by invention?

And many standing round a waterfall

See one bow each, yet not the same to all,

But each a hand’s breadth further than the next.

The sun on falling waters writes the text

Which yet is in the eye or in the thought.

It was a hard thing to undo this knot.



Midgley’s choice is judicious and appropriate, although she does not offer a commentary on the poem. Hopkins makes the point that the rainbow is not a fabrication, residing solely in the observer’s imagination. Yet while two observers might indeed see a rainbow, and agree it is not an invention, they each see it in different ways. It is ‘not the same to all’. While Hopkins holds that the rainbow is something that is objectively present and external to an observer, it cannot be isolated from the subjective perceptions of each individual observer.52 Their response to these aspects of nature will mingle the cognitive and affective, the objective and subjective. For example, Christian theologians have traditionally acknowledged a range of subjective responses to the natural world,53 including an ‘affective’ appreciation in response to the beauty of nature; an ‘affective–cognitive’ appreciation triggered by the beauty which is disclosed through detailed study of the natural order; and a ‘cognitive’ appreciation arising from contemplation of the harmonious functioning of the natural order as a whole.54 While some of these are informed by the natural sciences, others are clearly not.

Yet—and this is the critical point—these subjective and objective accounts of the natural world can be woven together, in a comprehensive account of what any individual makes of nature, and how this is perceived to be significant to that individual. Popper’s three worlds can helpfully be distinguished, but they cannot be separated in the lives of individuals. The issue is not how we divide up our experiences of this complex world—for example, into the objective, subjective, and theoretical. It is rather that, however we might choose to organize and distinguish these experiences, the process of distinguishing them cannot be detached from the task of bringing them back together again. As McGilchrist rightly observed, we might begin with the division of nature, allowing us to see its parts; yet what is of greater importance is the human capacity to ‘see the whole’.55 And that, as we shall see in the final chapter of this work, is what a reimagined natural philosophy might be able to do.
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Natural Philosophy

Recasting a Vision

In his elegant essay in praise of natural philosophy, Nicholas Maxwell identifies two great problems of learning that confront humanity as it faces an uncertain future: ‘learning about the nature of the universe and our place in it, and learning how to create as good, as wise, as civilized a world as possible’.1 Significant progress in achieving the first objective, he argues, was made during the seventeenth century; the second, however, seems further away than ever, as an increased ability to exploit the natural world leads to the destruction of natural habitats, the extinction of species, and the crisis of climate change. This demands new ways of thinking, he suggests, that require a redrawing of the intellectual landscape, leading to a transformed science and transformed philosophy becoming a single domain of thought—natural philosophy.2

As earlier chapters will have made clear, I am in sympathy with many of Maxwell’s concerns and aspects of his analysis of the problems we now face, including the question of how we cultivate wisdom in a culture dominated by purely explanatory notions of truth.3 In this final chapter of this study, I shall set out a more modest way of retrieving natural philosophy which I believe can avoid some of the potential difficulties that might stand in the way of Maxwell’s ambitious project of reframing the relation of science and philosophy in a new style of natural philosophy, while at the same time expanding its scope. Those difficulties relate primarily to the institutional embeddedness of disciplines in western academia, which so easily can become an obstacle to interdisciplinary undertakings, or to radical disciplinary realignments. The challenge is to reimagine natural philosophy.

On Bridging Popper’s Three Worlds

Popper’s three worlds can be seen as distinct aspects of the human engagement with the natural world, possessing a coherence and unity within the mind of the individual beholder. Distinguishing these three worlds does not amount to disconnecting them; it is rather a mapping exercise which facilitates an understanding of their mutual relationship, and helps to identify the intellectual territory that a natural philosophy was once understood to occupy. The question is whether (and how) we can weave these components together in a coherent whole.

I prefaced this book with a short passage from John Banville’s novel Kepler, describing how Kepler’s theoretical unification of the solar system allowed him to grasp the fundamental interconnection of things. Before, he had ‘voyaged into the unknown’ and created ‘fragmentary and enigmatic charts apparently disconnected with each other’. Yet following his theoretical breakthrough, he came to see that these were not ‘maps of the islands of an Indies, but of different stretches of the shore of one great world’.4 The point that Banville makes in this passage is that a set of seemingly disconnected fragmentary charts were brought together in Kepler’s fertile imagination to disclose a map of a single greater reality. The individual islands remained; yet they could now be seen in a new way—as interconnected features of a larger and more complex landscape.

But how might such unification proceed? For Isaiah Berlin, the ‘ideal of a unified system of all the sciences, natural and humane, has been the programme of the modern Enlightenment’.5 This lingering agenda of the Enlightenment for the unification of the multiple domains of human knowledge underlies the biologist Edward O. Wilson’s influential manifesto Consilience: The Unity of Human Knowledge (1998), which is the culmination of the unificationist programme he initiated twenty years earlier with the publication of his Sociobiology.6 Though ingenuously framed as a responsible quest for a foundation of the unity of human knowledge, Wilson is actually proposing the subordination of the humanities to the norms and methods of the natural sciences, by which they are to be judged. ‘We have the common goal of turning as much philosophy as possible into science.’7

The Enlightenment’s ‘dream of intellectual unity’ having foundered through an accelerating process of disciplinary fragmentation,8 Wilson suggests that this dream can now only be realized by permitting the natural sciences to re-establish this unity through judicious extension of its methods to other disciplines. For Wilson, consilience is ultimately a ‘metaphysical world view’, which is ‘allegiant to the habits of thought that have worked so well in exploring the material universe’.9

Wilson’s attempt to unify human knowledge by reducing it to physics has been subject to considerable criticism. The most effective response came from the palaeontologist Stephen J. Gould, who disputed Wilson’s interpretation of the term ‘consilience’ (borrowed from the philosopher William Whewell). For Gould, Whewell does not treat consilience as a method of reduction. Where Wilson interprets consilience as the ‘unification of all knowledge along a single chain of rising complexity’, Gould insisted that it was about recognizing ‘irreducible different ways of knowing’.10 Where Whewell ‘regarded the humanities (particularly moral and religious reasoning) as a set of logically and inherently separate ways of knowing’, Wilson wants to subsume them within a ‘single reductionist chain’ offered by the natural sciences.11 Where Wilson tends to think of science as a superpower exercising influence over smaller intellectual nations, Gould tends to think of them as autonomous nations, engaged in dialogue and collaboration for their greater good.12

Consilience thus ‘arises from a patchwork of independent affirmations, not by subsumption under an imposed ensign of false union’.13 In making this incisive criticism of Wilson’s unificatory imperialism, Gould offers an alternative intellectual vision of ‘quilting a diverse collection of separate patches into a beautiful and integrated coat of many colours’.14 Though Gould’s ‘patches’ are linked together by theoretical threads, they nevertheless retain their distinct disciplinary identities. Why, he asked, should we not ‘enjoy the differences’ between these disciplines, while at the same time ‘find some meaningful order in the totality?’15

A similar point was made by Mary Midgley in her critique of aggressive scientific reductionism, when she pointed out that science is not ‘an isolated monarchy’, but is rather ‘a republic, doing constant business with the other republics around it’.16 Midgley is inviting us to imagine the breadth and depth of a broad disciplinary domain which, like the Swiss Confederation, brings and holds together a set of distinct cantons, each with their own history, languages, and boundaries. Midgley’s critique of the monarchia of the natural sciences is a helpful way of challenging the colonial outlook of scientism, making the critically important point that the natural sciences are part of a wider federal framework of human knowledge production.

This, however, does not resolve the question of the disciplinary location of a retrieved and renewed natural philosophy. Where others might propose a new discipline of natural philosophy, I offer something more modest: an understanding of natural philosophy as a voluntary confederation of disciplinary territories, none of which are required to give up their distinct identities and interests, but which can join together in exploring the greater question of understanding how humans interact with the natural world cognitively, affectively, aesthetically, and morally. I shall explore this in what follows.

Seeing though Many Eyes: A Reimagined Natural Philosophy

John Cottingham makes the point that the human response to a complex reality is multi-layered, carrying ‘a rich charge of symbolic significance that resonates with us on many different levels of understanding, not all of them, perhaps, fully grasped by the reflective, analytic mind’.17 The notion of a ‘disciplinary imaginary’, discussed in Chapter 7, clearly has potential for retrieving the original vision of natural philosophy, holding together these multiple levels of insight. What the Italian philosopher Chiara Bottici describes as the recent transition from ‘the Reasonable to the Imaginal’18 offers us what seems to me to be the best solution to the issue of disciplinary fragmentation—to reimagine their relationships. As we saw earlier (pp. 164–5), this kind of ‘disciplinary imaginary’ allows us to visualize bringing Cottingham’s ‘levels of understandings’ and Midgley’s ‘multiple maps’ together, without becoming trapped in technocratic discussions of the precise conceptual formulation and justification of this enterprise.

The natural philosopher may indeed be an individual observer of nature; yet she has at her disposal multiple windows through which nature can be seen, each disclosing its own distinct insights.19 This goes beyond Aristotle’s use of other observers or agents—such as farmers and fishermen—in order to expand his factual knowledge about the natural world on the island of Lesbos;20 it is about adopting the theoretical lenses used by others, in the expectation that these will allow us a deeper quality of engagement with the natural world than any single way of seeing it. This idea is expressed in Proust’s declaration that the ‘only true voyage of discovery’ is ‘to possess other eyes, to behold the universe through the eyes of another, of a hundred others’.21

The natural human capacity to incorporate other perspectives or visualizations of reality into their own way of thinking reflects this ability to construct and hold together such complex renderings of the world.22 A natural philosophy might ‘behold the universe’ through a number of different disciplinary eyes, each distinct yet offering perspectives that can be woven together. In what follow, I shall note four representative windows or lenses on the natural world, each of which is represented in early modern natural philosophy.



1. The Scientific Eye. Here, I use the term ‘scientific’ in its present-day sense, to refer to the study of what Steven Weinberg describes as an impersonal world governed by laws of nature that are established through observation and experiment, and have to be stated mathematically. ‘The working philosophy of most scientists is that there is an objective reality and that, despite many social influences, the dominant influence in the history of science is the approach to that objective reality.’23 Yet as Weinberg rightly points out, scientists know and appreciate the beauty and wonder of nature. ‘As we understand more and more about nature, the scientist’s sense of wonder has not diminished but has rather become sharper, more narrowly focused on the mysteries that still remain.’24 This scientific eye, as Weinberg rightly points out, is incapable of dealing with questions of meaning or purpose. Its ultimate quest is a ‘final theory’—a scientific principle which explains gravity and all the other forces of nature.

2. The Aesthetic Eye. The beauty of nature, and the sense of wonder that it evokes, inspires many to enter scientific research (including, I may add, myself). Yet beauty is more than a gateway to understanding. For Paul Dirac, the beauty of a scientific theory was itself an indicator of its truth. Yet for others, the beauty of nature demands attention in itself, not as a portal to something else. Contemplating the beauty of the night sky or an Alpine landscape focuses on their perceptual qualities, rather than a scientific account of their origins or forms. In one sense, therefore, scientific knowledge can distract from an attentiveness to the experience of natural beauty and its capacity to trigger our ‘submerged sunrise of wonder’.25 The artistic engagement with nature, particularly natural landscapes, requires ‘the cultivation of an ability to see beauty’26—in other words, an askēsis of respectful and loving attentiveness towards nature, which so often demands poetic rather than scientific expression, perhaps facilitated by exploratory, projective, ampliative, and revelatory modes of imagination.27


3. The Ethical Eye. The ethical aspect of nature concerns both a natural way of behaving, and an appropriate way of behaving towards nature. Appreciating the beauty of nature often evokes a sense of moral responsibility towards preserving its fragile elegance. While a Darwinian account of nature is often thought to emphasize the violence and wastefulness of the evolutionary process, it also highlights the interconnectedness of ecosystems, and the vulnerability of such systems to environmental changes brought about by human agency. There are clear tensions between contemporary awareness of the need to respect nature with the approaches of some early modern philosophers—such as Francis Bacon—who considered natural philosophy as an agent enabling human dominion over nature.28 While David Hume may have raised questions about whether nature could mandate a specific set of ethical values, today’s natural philosophers will clearly see the cultivation of and appropriate respectfulness towards nature as an essential element of an environmental ethic.

4. The Spiritual Eye. While natural philosophy can be practised within an agnostic or atheist framework, much early modern natural theology was conspicuously attentive to the spiritual or religious aspects of an engagement with nature—Kepler offering a Lutheran, Galileo a Catholic, and Boyle an Anglican perspective. The enterprise of ‘physico-theology’ recognized the religious dimensions of natural philosophy, while resisting any encroachment on its territories from theological or ecclesiastical authorities. Natural philosophy was not seen primarily as a gateway to religious belief, but rather as an enterprise that could be correlated with existing religious beliefs, adding further depth and texture to them. Although some, such as Richard Bentley,29 saw natural philosophy as offering an apologetic for religion, many considered that it offered a moderating framework of discussion, discouraging dogmatism.30 Although dominated by Christian writers in western Europe, natural philosophy has been ecumenical in its religious outlooks, embracing and illuminating Jewish, Islamic, Daoist, and Confucian approaches. It continues to be hospitable to a wide range of religious and spiritual perspectives, while requiring none of these.





A Retrieved Natural Philosophy: Two Strategies

So how do these reflections on seeing a complex world through many eyes help us reflect on how natural philosophy might be retrieved? The intellectual and cultural history of the European Renaissance offers us two models of understanding how what are now seen as interdisciplinary sights can be integrated. One is the notion of the uomo universale, the idealized polymath of the Renaissance, who was able to master multiple disciplines and integrate them within a coherent worldview.31 The other is the vision of communal interdisciplinarity, in which scholars, writers, and artists from diverse disciplines would gather in the spacious and secluded gardens of their wealthy patrons to discuss the great questions of life, sharing wisdom across what have now become disciplinary boundaries.32

The first approach sees natural philosophy as an individual synthesis, a personal way of imagining how the multiple aspects and levels of the human engagement with the natural world can be held together. This way of conceiving natural philosophy as a disciplinary imaginary enables an individual to see the world through multiple windows, and hold these insights together in a coherent and plausible manner. It respects the privileges of individuality, while responding to its limitations by offering a wider imaginative horizon. Natural philosophy thus becomes an exercise in self-transcendence, a willingness to acknowledge individual deficits and heal these by immersion in the wisdom of other disciplines.

One of the most insightful accounts of this process is found in a late work by C. S. Lewis, which highlighted how reading literature ‘heals the wound, without undermining the privilege, of individuality’. Lewis’s point is that such a literary immersion enables us to see the world through other people’s eyes, opening up new possibilities which transcend the individual’s limitations.

My own eyes are not enough for me, I will see through those of others.…In reading great literature, I become a thousand men and yet remain myself. Like the night sky in the Greek poem, I see with a myriad eyes, but it is still I who see.33

If nature is imagined as a theatre, immersion in writers from other disciplines allows us ‘to occupy, for a while, their seat in the great theatre, to use their spectacles’ in order to augment and expand our own limited vision.34 However, there are clear limits placed on the capacity of individuals to do this, not least because of the scholarly burdens demanded by responsible approaches to interdisciplinary projects, and the risk of superficial engagements with its constituent fields.

The second approach addresses some of these concerns about the limits of individual imaginings of natural philosophy. This sees natural philosophy as a form of shared knowledge and reflection involving a coalition or network of individuals, each steeped in the wisdom of their own disciplines, who are willing and able to work collaboratively to offer a grander overall vision of the natural world than any single discipline can offer. Such an enterprise is perhaps more difficult than might be imagined. The issue of disciplinary hegemony remains problematic; some will insist that their viewing windows on nature are at least privileged, and some might suggest that they are the only valid means of securing reliable insights into nature. Equally problematic is the tendency of such collaborations to yield an accumulation of unintegrated insights, in effect placing perspectives in parallel columns. Each creates a map of its own territory, which needs to be correlated with other such maps.

This approach allows us to look through different disciplinary windows, and see the world from their perspectives. Happily, each specialist can explain what we are seeing through their window, ensuring that we understand this distinct perspective. Yet this process yields a plurality of insights, a set of different patches that can be quilted together to yield a natural philosophy. Identifying the components is one thing; putting them together to yield an integrated whole is another. Yet this is not a new problem. It is familiar to most scientists, particularly those who resist Nancy Cartwright’s view of scientific knowledge as a patchwork of essentially unrelated ideas, and prefer to see scientific knowledge as a web of distinct yet interconnected ideas. ‘In the modern state of science, no discovery lives in a cocoon; rather it is built within and upon the entire interconnected structure of what we already know.’35

On Integrating Multiple Perspectives

So how might we try to integrate different disciplinary perspectives? How can such rationalismes régionaux (Bachelard) be mapped onto a larger intellectual landscape?36 Some might rightly respond that it is a simple fact that people do weave together ideas which some might consider to be incompatible, in that they result from the application of quite different intellectual methods. The ‘weaving’ in question here may be psychological, as much as philosophical—namely, accounting for an actual practice which is theoretically questionable, yet which is widely encountered and regarded as significant and productive.37 Einstein’s correlation of science, religion, and ethics is ultimately a matter of personal intuition on his part; yet he clearly saw this integration as satisfying. Einstein in effect offers a bricolage of unintegrated insights and perceptions,38 without clarifying what methods and assumptions govern his bringing them together in this way.

There is a clear parallel here with the common practice of speaking of ‘science’ in the singular as a way of enfolding the individual natural sciences.39 As we noted earlier (p. 90), the establishment of the British Association for the Advancement of Science in 1831 was partly motivated by a desire to recapture a sense of scientific unity, which was seen to be threatened by disciplinary fragmentation. While a number of unificatory projects were proposed from the seventeenth to the nineteenth century,40 none of these have proved entirely satisfying in capturing a common essence of the individual disciplines usually referred to as ‘science’.41 Yet the singular term ‘science’ has functioned satisfactorily for many as a disciplinary imaginary for two centuries.

It is a matter of observation that human beings regularly bring together multiple perspectives or insights—whether scientific, ethical, political, or religious—without feeling the need to offer a rigorous intellectual justification for doing so.42 One important approach was developed by the natural philosopher John Wilkins in the seventeenth century—the development of a language that integrated every aspect of natural philosophy, including religion, science, and education.43 Where some early modern thinkers tried to develop intellectually rigorous conceptual frameworks for such an integration, poets and literary writers of this period argued that the answer lay in what we might designate an ars combinatoria, an act of imagination in which nature was conceived as a whole, despite its complexity and diversity.44 The unity lay in the subjective imagination of the beholder of nature, not in an objective account of its aspects.

A classic example from the field of early modern natural philosophy may help us visualize a possible way ahead. In 1672, Isaac Newton published a paper reporting on some experiments involving passing beams of sunlight through prisms which, he declared, proved that sunlight consists of a heterogeneous mixture of variously coloured light rays.45 Newton declared that a beam of sunlight could be split up into a continuous spectrum of seven colours: red, orange, yellow, green, blue, indigo, and violet. Medieval descriptions of the rainbow recognized five colours: red, yellow, green, blue, and violet; Newton added orange and indigo to increase this number to seven, possibly because this allowed correlation with the doctrine of harmonious relationships set out in Kepler’s Harmonices Mundi.46 Newton’s experiment showed that these seven colours were originally present in the sunbeams, rather than being added to them by his experimental equipment; and that they could subsequently be recombined into white light. Newton’s optical experiment might serve as a parable for reflecting on how we might reconfigure natural philosophy. Any reliable account of the natural world must enfold analytic, imaginative, symbolic, and poetic forms of understanding, in that we are trying to understand both the world we inhabit, and its impact upon us.

Earlier, we noted Ian McGilchrist’s remark that ‘our talent for division, for seeing the parts, is of staggering importance – second only to our capacity to transcend it, in order to see the whole.’47 The range and depth of the human engagement with the natural world is such that it now constitutes a spectrum of disciplines, each arising in response to a perceived research need. Each allows a concentration on a specific range of topics, and for that reason is necessarily incomplete. Natural philosophy now enfolds a spectrum of institutionally disconnected parts, each of which can be isolated for close inspection; yet, like the colours which can be distinguished within Newton’s spectrum, they can be brought together again to allow us to see the whole. A natural philosophy is the grander vision of nature that arises from transcending disciplinary divisions, affirming the value of all its disciplinary components while actively seeking to discern the larger picture of the natural world that they disclose.

From Theory to Practice: Shaping our Engagement with Nature

Aristotle’s programmatic move from theory to practice included the development of appropriate practices or disciplines as an embodied enactment of such a theory, particularly as this was framed by Hans-Georg Gadamer (pp. 133–6). Gadamer’s analysis allows us to distinguish the two distinct processes of looking at and seeing the natural order. For Gadamer, seeing involves a ‘hermeneutical consciousness’, a process of interpretation which enables us to grasp the meaning of what we look at. This process of seeing is informed by a theory, and leads to certain ways of behaving within and towards the natural world. For early modern natural philosophers, seeing nature properly led both to self-knowledge and self-reformation.48 To learn about nature leads to learning from nature.

So how might this expanded disciplinary imaginary of natural philosophy help shape informed attitudes towards the natural order? To use Aristotelian terms, what appropriate practice or discipline (askēsis) might arise from, and represent an appropriate expression of, its associated theōria? Many themes might be considered here, including the appreciation of the complexity and beauty of nature, the development of gratitude for nature, and reflection on the paradox that the human observer of nature is also part of that same nature. Given limits on space, however, I shall focus on two important outcomes: the cultivation of attentiveness towards nature on the one hand, and of a proper respect for nature on the other.

Human Attentiveness towards Nature

One of the most interesting aspects of early modern natural philosophy is its patient, respectful, and disciplined attentiveness towards nature. Rather than impose predetermined conceptual schemes upon the natural order, natural philosophers aimed to allow nature to disclose its own intrinsic rationality, through careful observation or judicious experimentation on their part.

The American novelist Henry Miller, who cultivated this askēsis of attentiveness to improve the quality of his writing, captured its essence in an often-cited maxim: ‘The moment one gives close attention to any thing, even a blade of grass, it becomes a mysterious, awesome, indescribably magnificent world in itself.’49 Miller here hints at Scotus’s notion of haecceitas, a theoretical device which accentuates the importance of observing and appreciating the distinct identity of any particular aspect of the natural order.50 Artistically, this line of thought leads to a deeper appreciation of the beauty and diversity of the natural world, which demands to be seen, not merely reduced to manageable categories. John Ruskin expressed this point in his declaration that ‘to see clearly is poetry, prophecy and religion – all in one.’51

This heightened attentiveness is evident in the English poet Thomas Traherne (1636–74) who exemplifies the outcomes of such a theologically attentive reading of the natural world.

You never Enjoy the World aright, till you see how a Sand exhibiteth the Wisdom and Power of God: And Prize in evry thing the Service which they do you, by Manifesting His Glory and Goodness to your Soul, far more than the Visible Beauty on their Surface, or the Material Services, they can do your Body.52

The poet who is most noted for an attentiveness to nature is Gerard Manley Hopkins, particularly in his poem ‘As Kingfishers Catch Fire’.53 While the extent of Hopkins’s debt to Scotus’s notion of haecceitas remains under scholarly consideration,54 he has clearly grasped the importance of the respectful celebration of the complexity of nature, and the individual significance of its elements. Yet Hopkins’s attentiveness towards nature reflects more than an awareness of its beauty and fragility; it rests on a theōria grounded in a theology of creation, which invites us to see the natural order as rich in signs and symbols pointing to its origins and final goal in God.55 This theōria, which represents ‘the church’s “sanctified intuition” of the meaning of the world’,56 heightens our attentiveness, creates expectation and anticipation, and invites participation. To study nature is, in some way and to some extent, to deepen both cognitive and affective appreciation of God as its creator.

This same attentiveness to nature underlies the scientific enterprise, which is dependent upon the precise and meticulous observation of nature,57 prior to its theoretical interpretation. While there are several scientific explanations of what is to be understood by ‘attention’—such as the active filtering of perceptual information58—its intuitive sense remains helpful in expressing an attitude of focalization and concentration, evident in a willingness to absorb and appreciate the fine detail of the vast world we inhabit, while at the same time exploring how this might inform a deeper understanding of this world.

Iris Murdoch saw such an attentiveness as a moral issue, in that it required a truthful engagement with the world, and an attempt to ‘decentre’ this process of beholding from the vested interests and personal agendas of the observer. At points, Murdoch suggests that this process can be seen as amounting to the virtue of obedience.59 For Murdoch, this process is enabled by art.

Great art teaches us how real things can be looked at and loved without being seized and used, without being appropriated into the greedy organism of the self. This exercise of detachment is difficult and valuable whether the thing contemplated is a human being or the root of a tree or the vibration of a colour or a sound. Unsentimental contemplation of nature exhibits the same quality of detachment: selfish concerns vanish, nothing exists except the things which are seen.60

Through its correlation of Popper’s ‘three worlds’, a natural philosophy enables this same ‘unsentimental contemplation of nature’, while at the same time allowing this to be connected with—but not determined by—the personal subjective world of the individual.

Human Respectfulness towards Nature

It is perhaps a small, but important, transition from cultivating attentiveness towards nature to respecting the natural world. As Murdoch makes clear, there is a moral dimension to both our intellectual reflections about nature, and our ethical responsibilities towards nature. In both cases, there is an underlying moral imperative—to do justice to what is being seen, both intellectually and practically.

Classic natural philosophy regarded human beings as an intellectually privileged part of the natural order, with the ability both to make sense of the natural world, and to live appropriately within it. Yet the biological advances of the nineteenth century which ultimately led to the fragmentation of natural philosophy also confirmed the importance of reflection more closely on the place of humanity within nature disclosed by evolutionary theory, and appreciating the entanglement of human well-being with that of the wider biological world. An integral element of the philosophical agenda of the philosopher Mary Midgley is the recognition that human beings emerged from within the natural order, and are dependent upon the sustainability of that order for their future survival.61

Yet Murdoch’s emphasis on the importance of morality raises an important question. In the early modern period, many would have agreed with the classical view that nature disclosed a moral way of life, and that morality lay in discerning and enacting this. Yet this view was called into question by David Hume’s argument that there was no simple logical connection between the observation of nature and the construction of moral values.62 Hume was not suggesting that it was impossible to derive moral values from the natural world; rather, he highlighted the need for bridging theories to establish a connection between the ‘is’ of observation and the ‘ought’ of moral obligation.

One such ‘bridging theory’ which was of major importance to early modern natural philosophy was the Christian notion that the world was God’s creation.63 This theoretical reading of the natural world was echoed in early modern physico-theology, enabling nature to be interpreted as God’s creation,64 thus pointing to the idea of disclosure of divine beauty and harmony within nature, and to the ethically important notion of respecting the natural world as God’s creative work of art.65 For example, both James Thomson’s The Seasons (1730) and Alexander Pope’s Essay on Man (1733–4) can be seen as ‘eco-theological’ poems,66 advocating a theologically grounded environmental ethos and ethic, even though they adopt quite different perspectives in developing this theme.67

Such a Christian theological approach to nature illuminates what appears to be a general principle: developing an environmental ethic appears to be dependent on articulating a persuasive interpretation of the natural world—an interpretation that is neither given within nature nor can be considered to represent an overwhelmingly persuasive public reading of nature.68 Neo-Confucianism, for example, offers a coherent environmental ethic;69 this goes far beyond what can be understood of nature on the basis of mere observation. An additional theōria is required to develop an appropriate askēsis of respect, which is in conflict with interpretations of science which emphasize the role of instrumental reason in enabling the human domination and exploitation of nature.70

More pragmatic reasons for respecting nature can, of course, be articulated, without requiring an additional theōria, such as that noted in this discussion. The empirical demonstration of the vulnerability of ecosystems, and the potential implication of their failure or collapse for human well-being and survival, offers an important rationale for respecting the natural world. Yet the motivation here is anthropocentric, aiming to elicit action which indirectly preserves the future for humans. While some strands of early modern natural philosophy saw the judicious use of resources within the natural world to improve the human condition as being acceptable, other strands—such that represented by Thomson’s Seasons—emphasized the human responsibility to preserve and improve nature as a thing of beauty and harmony, to be respected and valued for what it is, rather than as something that serves human interests.71

Conclusion

Our story began with Aristotle’s observations of the natural world on the Aegean island of Lesbos around the years 346–343 bce, and his quest for recurring patterns that might help explain how this rich and complex world could be understood. Although others had opened up similar questions in ancient India and China, Aristotle would prove to be the catalyst for an increasingly sophisticated engagement with the natural order in the West, which gave rise to the evolution of what we now know as ‘natural philosophy’. Perhaps western natural philosophy is seen at its best in the seventeenth century, when natural philosophers such as Kepler and Newton were able to demonstrate the coherence of the external world, and the remarkable capacity of the human mind to capture this intellectually, and represent it mathematically. Far from being an unsophisticated and primitive ancestor of today’s natural sciences, natural philosophy sought to cultivate human wisdom and understanding through an intellectual and affective engagement with the world. It possessed a depth and range that modern scholarship is in the process of uncovering, and that speaks to many of our concerns about the abuse of instrumental reason and the technocratic languages and practices that now distance us from nature.

We clearly need this wisdom and this intellectual discipline today. In 2017, the Museum of Natural History in Paris issued a manifesto, arguing that the environmental crisis demanded a new attentiveness towards the place of humanity within nature, and the responsibilities that this entailed. ‘Grounding human beings in nature’, it was argued, allowed us to see ourselves as ‘active agents within, and also as victims of, the transformation of nature that we ourselves have brought about’.72 Those themes are not new, nor can they be detached from deeper and broader questions once engaged by a natural philosophy. We need a holistic view of nature if we are to engage such questions about the natural world in their full complexity, and develop responsible answers and strategies in the light of the challenges we face.

This book has argued for an expanded imaginative vision of our encounter with nature, enriching but not contradicting the natural sciences. Yes, human beings long for understanding; yet they also want to know how they fit into a larger scheme of things, what gives meaning to their lives, and what their place is in this strange world that we call ‘nature’. William Blake protested that the rationalists of his day had imprisoned the natural world within the narrow confines of their ideologies, and were unable to break free from this self-imposed, constricted, and impoverished account of nature. ‘Man has closed himself up, till he sees all things thro’ narrow chinks of his cavern.’73 To be truly human, we need an extension of our vision of our world, expanding our minds and imaginations to embrace the vast natural world for what it is, rather than reducing that world to what we consider manageable and palatable.

The natural sciences are rightly celebrated for their precision and objectivity of judgement—yet can only offer us a partial account of the human engagement with nature, failing to do justice to the passion, emotion, delight, and joy that it evokes within us, or to the ‘ultimate questions’ that seem to be embedded and embodied in our lives. There is nothing wrong with science, save that there is more that needs to be said and seen. It is a role that the disciplinary imaginary of natural philosophy played in the past. Perhaps it might help us reflect on these same questions today.
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