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Meet the author



Welcome to Understand Philosophy of Science!



I hope I never lose the capacity to be amazed, whether by the dimensions of space, the intricate systems of nature or the workings of the human brain. Much of what we know about the physical world is conveyed to us by science, and so successful has it been in the last four centuries that there is a danger of slipping into an unquestioning acceptance of every latest theory. However, science remains a human activity, and as such it is based on ideas and arguments that should be examined rationally, questioned and sometimes challenged.


Since the first edition was written, more than a decade ago, science has made huge advances, not least in knowledge of the universe, genetics, neuroscience, medicine and information technology. Yet the basic features of the scientific method, and the questions we need to consider in assessing scientific claims, remain largely unchanged.


I hope this book, which aims to give a basic overview of the questions with which the philosophy of science is concerned, will encourage you to develop a critical appreciation of what science has to offer, and the subtleties of its claims.


Mel Thompson


November 2011
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In one minute


Science is a massive problem-solving and information-providing enterprise and most people have great respect for what it has achieved. But what does it mean to say that something is ‘scientific’? How can one tell valid science from bogus? On what basis can we assess what scientists tell us? How do we know if what we are being told is an absolute truth or merely a temporary theory, adequate for now but soon to be replaced? What is scientific language?


These are just a few of the questions with which the philosophy of science is concerned; many more will come to light as we start to look at the way in which it works, and how it relates to the research projects carried out by scientists.



Science traditionally deals with facts, with information about the world in which we live, gained as hard evidence by means of experiment and analysis. Indeed, the word ‘science’ comes from the Latin scientia, meaning ‘knowledge’, so science should offer certain knowledge, as opposed to mere opinion. But it is not that simple, and we know that the process of gaining scientific knowledge is one in which the straightforward claim to deal with facts needs to be qualified, both on account of the way we reason from evidence to the framing of scientific theories, and also from the nature of the experiments upon which science is based.



It is generally agreed that scientific theories cannot be conclusively proven, but must be examined in terms of degrees of probability, or appreciated as the best available explanation but not perhaps the only or final one. But, if that is so, what about the knowledge that science has built up over the last four hundred years and the technology that has transformed all our lives? Surely, if something works, the theory on which it is based must be correct! But is such a pragmatic approach the best way to evaluate scientific theories? Should we not at least hope that our theories give us an accurate picture of reality?


We need to examine these and other questions by looking at the way in which science goes about its business.
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Introduction to the philosophy of science


Philosophy is all about asking questions, examining arguments and generally getting to grips with reality. Nobody is likely to get involved with philosophy unless he or she has some sense that the world is an exciting and sometimes confusing place, and that human life is there to be examined as well as enjoyed.


Nowhere is this fascination with the world more evident than in science and the technology that it makes possible. From speculations about the origins of matter, to the understanding and manipulation of genetic information or the workings of the human body, it thrives on the human desire to unlock the mysteries of the world around us – both for the sake of knowledge itself and for the benefits it can offer.


We all know what science is and appreciate what it can contribute to human wellbeing, but why should there be a philosophy of science? Surely, science explains itself and validates what it does through the results it achieves. Well, not exactly. For one thing, ‘science’ is simply a label that is given to certain methods of investigation, and it is quite reasonable to ask whether a field of study is, from the perspective of the rest of science, genuine or bogus. Astronomy is scientific, but what about astrology? Mainstream medicine is scientific, but what of faith healing? Or herbalism? Or homeopathy? And what of the claim that a product is ‘scientifically proven’ to give health benefits? What does such a claim imply and how can it be verified? These are all questions that require careful attention.


The seventeenth and eighteenth centuries, which saw the rise of modern science, were – generally speaking – a time of optimism, and science was seen in the context of human progress. Reason was hailed as the tool by which humankind would be emancipated from the narrowness of superstition and tradition. The experimental method of the newly developing sciences was a sign of a new commitment to harness reason for the good of humanity. There was a fundamental trust in the human ability to understand and to benefit from that understanding, but, above all, science seemed to offer a degree of certainty about the world.


Knowledge, for science, aims to be proven knowledge, justified by evidence and reason. Nothing is accepted as true unless it has been proved to be so, or there are good reasons to believe that it will be at some point in the future. This reflects the philosophical quest for certainty that goes back to René Descartes (1596–1650), who refused to accept anything that he could not know for certain to be true. He hoped to base all knowledge on self-evident propositions, and thought that reason should take priority over observation. Descartes was aware that his senses frequently misled him. The implication of this – a view which had a long history, prior to the rise of science – was that, if the evidence of our senses did not conform to reason, it was likely that they were in error.


Other philosophers, such as John Locke (1632–1704) and David Hume (1711–76), took sense experience as the basis for knowledge, and it is their approach (known as empiricism) which has provided much of the philosophical underpinning of science.


Although the raw data for science is mediated to us by the senses, we shall be looking at the way in which science has always been at pains to find ways to ensure that our senses are not deceived – in particular, by devising experiments which control nature in such a way that a single feature of it can be checked out, without being too influenced by everything else.
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Insight


Life is always too complicated. The only way we can get to grips with it is by simplifying it sufficiently to be able to measure the influence of one thing on another. Science has provided the means by which such measurements and calculations can be made, and, in doing so, has systematized and supported the empiricists’ quest for knowledge based on evidence.
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Philosophers and scientists




Until the eighteenth century, science and philosophy were not regarded as separate disciplines. Natural philosophy was the term used for the branch of philosophy which sought to understand the fundamental structure and nature of the universe, whether by theoretical or experimental methods, and some of the greatest names in philosophy – both before and after science appeared as a separate discipline – were also involved with mathematics and science:


 




	It was Aristotle (384 BCE – 322 BCE) who set out the different sciences and gave both science and philosophy much of its later terminology.


	Descartes, Gottfried Leibniz (1646–1716), Blaise Pascal (1623–62) and Bertrand Russell (1872–1970) were all mathematicians. It need hardly be said that science could have made little progress without mathematics, and mathematics is bound up with logic and therefore to philosophy. In their famous book Principia Mathematica (1910–13) Bertrand Russell and Alfred North Whitehead argued that mathematics was a development of deductive logic. Thus, much of what is done in science, however specialist in its application, is based on fundamental logical principles.


	For some, science was an influence on their overall philosophy and view of the world. Francis Bacon (1561–1626), Locke and others sought to give the scientific method a sound philosophical basis.


	Hume, in assessing the evidence of the senses as the basis of knowledge, was influenced by and challenged scientific method.


	Thomas Hobbes (1588–1679) saw the whole world as matter in motion – a view to be developed with mathematical precision in Newtonian physics.


	Even the philosopher Immanuel Kant (1724–1804), who is generally seen as a writer of abstract and highly conceptual philosophy, wrote A General Natural History and Theory of the Heavens (1755) in which he explored the possible origin of the solar system. His distinction between the things we observe (phenomena) and things as they are in themselves (noumena) is of fundamental importance for understanding the philosophy of science, and especially for defining the relationship between the experiences one has, and the reality which gives rise to such experiences.





As science developed particular forms of experimentation and observation, it naturally started to separate off from the more general and theoretical considerations of philosophy. It also became increasingly difficult for any one person to have a specialist working knowledge of all branches of science, quite apart from all branches of philosophy. Hence the activity of scientists and philosophers started to be distinguished, with the latter carrying out a secondary function of checking on the underlying principles of those engaged in science.


However, it would be wrong to think that the influence has all been one way, with philosophy gently guarding and nurturing its young, scientific offshoot. Science has been so influential in shaping the way we look at the world that it has influenced many aspects of philosophy. The Logical Positivists of the early twentieth century, for example, regarded scientific language as the ideal, and wanted all claims to be judged on the basis of evidence, with words corresponding to external facts that could be checked and shown to be the case. This led them to argue that all metaphysical or moral claims were meaningless. In effect, they were arguing that philosophy should have scientific precision.


Sometimes scientists see themselves as the bastion of reason against superstition and religion. This was a popular view in the eighteenth century, and is still found today, as for example in the work of Richard Dawkins (1941–), who parallels his promotion of science with a criticism of religious beliefs on the grounds that they cannot be justified rationally, effectively using science as a benchmark for proven knowledge.
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Insight


The debate between fundamentalist religion and the ‘new atheism’ is beyond the scope of this book, but can be informed by an appreciation of scientific method and the degrees of certainty it offers.
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The role of the philosophy of science




The first example of the philosophy of science, as a separate branch of philosophy, is found in the work of William Whewell (1794–1866), who wrote both on the history of science, and also (in 1840) on The Philosophy of the Inductive Sciences, Founded upon Their History.


Generally speaking, the philosophy of science is that branch of philosophy which examines the methods used by science (e.g. the ways in which scientists frame hypotheses and test them against evidence), and the grounds on which scientific claims about the world may be justified. Whereas scientists tend to become more and more specialized in their interests, philosophers generally stand back from the details of particular research programmes, and concentrate on making sense of the overall principles and establishing how they relate together to give an overall view of the world.


There are two problems here:


    1  Science is too vast for any one person to have an up-to-date, specialist knowledge of every branch. Hence the philosopher of science, being a generalist, is always going to have a problem with doing justice to the latest scientific work upon which he or she needs to comment.


    2  The role of science can sometimes be overstated, with its exponents slipping into scientism. Scientism is the view that the scientific description of reality is the only truth there is. With the advance of science, there has been a tendency to slip into scientism, and assume that any factual claim can be authenticated if and only if the term ‘scientific’ can correctly be ascribed to it. The consequence is that non-scientific approaches to reality – and that can include all the arts, religion, and personal, emotional and value-laden ways of encountering the world – may become labelled as merely subjective, and therefore of little account in terms of describing the way the world is. The philosophy of science seeks to avoid crude scientism and get a balanced view on what the scientific method can and cannot achieve.


The key feature of much philosophy of science concerns the nature of scientific theories – how it is that we can move from observation of natural phenomena to producing general statements about the world. And, of course, the crucial questions here concern the criteria by which one can say that a theory is correct, how one can judge between different theories that purport to explain the same phenomenon, and how theories develop and change as science progresses.


And once we start to look at theories, we are dealing with all the usual philosophical problems of language, of what we can know and of how we can know it. Thus, the philosophy of science relates to three other major concerns of philosophy:


 




	
metaphysics (the attempt to describe the general structures of reality – and whether or not it is possible to do so)


	
epistemology (the theory of knowledge, and how that knowledge can be shown to be true)


	
language (the nature of scientific claims, the logic by which they are formulated and whether such language is to be taken literally).





This is not to suggest that the philosophy of science should act as some kind of intellectual policeman; simply that it should play an active part in assisting science to clarify what it does. But there are two key questions here:


    1  Are there aspects of reality with which science cannot deal, but philosophy can?


    2  If philosophy and science deal with the same subject matter, in what way does philosophy add to what science is able to tell us?


The situation is rather more problematic, for there are three different ways (at least) in which we can think of the relationship between philosophy and science:


    1  Science gives information about the world, while philosophy deals with arguments and meanings. Philosophy should therefore restrict itself to the role of clarifying the language science uses to make its claims, checking the logic by which those claims are justified, and exploring the implications of the scientific enterprise. It should keep well away from the subject matter within which science deals. This has been a widely held view, and it gives philosophy and science very different roles.


    2  However, it may be difficult to draw a clear distinction between statements about fact and statements about meaning. Science does not simply report facts; it seeks to provide theories to explain them. Like philosophy, it is concerned with arguments and the validity of evidence. It uses concepts, and these may need to be revised or explained in different ways. Hence we should not expect to draw a clear line between the activity of science and that of philosophy. This view reflects ideas published in 1951 by the American philosopher W. V. Quine in an important article entitled ‘The Two Dogmas of Empiricism’ (see Chapter 4).


    3  Philosophy describes reality and can come to non-scientific conclusions about the way the world is. These conclusions may not depend on science, but are equally valid. (This reflects an approach taken by philosophers who are particularly concerned with the nature of language and how it relates to experience and empirical data, including Moore, Wittgenstein, Austin, Strawson and Searle.)


And then, of course, one could go on to ask if you can actually do science without having some sort of philosophy. Is physics possible without metaphysics, language or logic? What about all the concepts and presuppositions that scientists use to explain what they find?


We shall see later that science can never be absolutely ‘pure’. It can never claim to be totally free from the influences of thought, language and culture within which it takes place. In fact, science cannot even be free from economic and political structures. If a scientist wants funding for his or her research, it is necessary to show that it has some value, that it is in response to some need, or that it may potentially give economic benefit. Scientific findings are seldom unambiguous; and those who fund research do so with specific questions and goals in mind; goals that can influence the way that research is conducted or its results presented.
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Insight


For some time, during the middle years of the twentieth century, it was assumed that the principal – indeed the only – role of philosophy was clarification. Since then there has been a broadening out of its function. You may want to consider, as various arguments are presented in this book, whether philosophy has contributed directly to human knowledge, or simply clarified and systematized knowledge that has its source in scientific research or common human experience.
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What this book examines




Clearly, there is a huge literature on the philosophy of science, and even more on science itself and its history. This book claims to do no more than touch on some of the key issues, in order to give you an overall perspective on what the philosophy of science is about and – hopefully – to whet your appetite to find out more.


These are the topics we will be exploring in the chapters that follow:


 




	Since one cannot appreciate what science does without some overall sense of what it has done to date, we start with a brief overview of the history of science in the West. Of particular interest here are the logical assumptions made by scientists.


	Science is generally defined by its method. We shall therefore examine this, particularly in the context of the rise of modern science from the seventeenth century.


	Science develops theories, and the debate about how these are validated or refuted and replaced is a central concern for the philosophy of science. We shall therefore examine the status of scientific claims.


	However, is science able to give us a true and accurate picture of the world? We shall look at claims concerning scientific realism.


	It has long been recognized that our observations are influenced by our theories, which suggests that the truths they yield may be relative rather than absolute. We may also assess scientific theories on a pragmatic basis. Are they useful in predicting things we need to know? Are they relevant? Can you accept two apparently contradictory theories at the same time? Relativism and relevance are key questions to explore here.


	Chaos theory, complexity theory, issues concerning predictability and probability, whether everything is determined or happens by chance, whether chance may be loaded to produce a particular result – these form a fascinating area of study, raising questions with which philosophy needs to get to grips.


	The philosophy of biology examines particular questions related to evolution, the way in which species are related to one another, and the genetic basic of life.


	The scientific quest has never been limited to matters terrestrial. Astronomy was an important feature of the rise of modern science, and today some of the most exciting developments in physics concern the nature and origin of the universe.


	Science has much to say about human beings, including social and psychological theories that seek to explain behaviour, and particularly – through neuroscience – the way in which our thoughts and experience are related to what happens in the brain. We need to assess the impact of science on our self-understanding and personal meaning, both in this final chapter and throughout the book.








 KEEP IN MIND…


  1    The philosophy of science examines the methods and arguments used in science.


  2    Until the eighteenth century science was known as natural philosophy.


  3    The rise of modern science paralleled philosophical questions about the basis of knowledge and a quest for certainty.


  4    Some of the greatest philosophers were also involved in science and/or mathematics.


  5    William Whewell was the first to write about the philosophy of science (in 1840).


  6    Scientism is the view that science is the only valid source of factual knowledge.


  7    Philosophy can clarify the language used by science.


  8    Philosophy can also examine the logic by which theories are developed.


  9    Philosophy can explore the criteria by which we assess competing scientific claims.



10    This book can offer no more than an outline of some of the key issues.
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The history of science


In this chapter you will:


•  look at some key figures in the history of science



•  explore the contribution of different periods



•  consider the central philosophical questions.



Although the philosophy of science and the history of science are quite separate, it is difficult to see how one could appreciate the former without some knowledge of the latter. There are two key reasons for this:


    1  Advances made in science reflect the general ideas and understanding of reality of the period in which they are made and, at the same time, help to shape those ideas. It is therefore interesting to explore the way in which philosophy and science influence one another in an historical context.


    2  In order to understand the principles that operate within science, one must know something of the way in which scientists go about their work and why particular questions are of interest to them. They often respond to situations where a previously accepted theory is found to be wanting, and seek to refine or replace it. Thus, looking at the history of science gives us an overview of the questions that science has thrown up in each period.


It is also useful, in order to get the issues that face the philosophy of science into perspective, to have a brief overview of the way in which thinking about the natural world has changed in the West over the last 2,500 years. We shall see that there have been two quite drastic changes in perspective:


    1  The first of these took place as the world-view initiated by the ancient Greeks (especially Aristotle) gave way to what was to become the world of Newtonian physics in what we generally see as ‘the rise of modern science’.


    2  The second took place as that Newtonian view gave way to the expanding horizons in physics, brought about by relativity, quantum theory, and the impact of genetics on biology, so that, by the end of the twentieth century, the world of science was as different from that of the nineteenth, as the Newtonian world was from the ideas of the ancient Greek or medieval thinkers.
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Early Greek thinkers




Ancient Greek philosophy is dominated by the work of Socrates, Plato and Aristotle, but before them there were a group of thinkers generally known as the ‘Pre-Socratics’, who developed theories to explain the nature of things, based on their observation of the natural world; they were, in effect, the first Western scientists.


 


PRE-SOCRATIC THINKERS





Thales (sixth century BCE), who is generally regarded as the first philosopher and scientist, considered different substances, solid or liquid, and came to the view (extraordinary for his times) that they were all ultimately reducible to a single element. He mistakenly thought that this fundamental element was water. His answer may have been wrong, but it must have taken a fantastic leap of intellect and intuition to ask that sort of question for the very first time.
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Insight


Only one oxygen atom separates Thales from modern physics, for we now consider all substances to be ultimately derived from hydrogen. But what links Thales to modern physics above all is his quest for a single, underlying substance or principle to account for the diversity of physical things.
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From the same century, another thinker anticipated later scientific thought. Heraclitus argued that everything is in a state of flux, and that even those things that appear to be permanent are in fact subject to a process of change. Our concepts ‘river’ or ‘tree’ may suggest something that is permanent, but any actual river or tree is never static. Heraclitus is best known for his claim that ‘you cannot step into the same river twice’.


We live now in a world where most people take it for granted that everything from galaxies, stars and species to the cells that make up our bodies are in a constant process of change and development. But Heraclitus came to this view by observation and logic, while those around him saw the created order as static.



Leucippus and Democritus (from the fifth century BCE) developed the theory (atomism) that all matter was comprised of very small particles separated by empty space. If substances had different characteristics, it was because they were composed of different mixtures of atoms.


Notice the logic used by these early thinkers. They saw that a substance can take on different forms – solid, liquid or gas, depending on temperature (as when water boils or freezes) – and deduced the general principle that the same atoms combine differently at different temperatures. In observing the world, looking for explanations for what they saw, and moving from these to formulate general theories, these early philosophers were doing what we today recognize as science. They had intuition in plenty; what they clearly lacked was any systematic or experimental method.


 


PLATO




Whereas the Pre-Socratics were happy to study and theorize about the world of experience, there was another side to Greek thought that looked away from immediate experience to contemplate ideal or general concepts. This approach is traced back to Plato (424/423 BCE – 348/347 BCE), who argued that the things we see and experience around us are merely copies of eternal but unseen realities. In other words, I only know that this creature before me is a dog because I have a general concept of ‘dogginess’.


Therefore, in order to understand the world, a person has to look beyond the particular things that can be experienced, to an eternal realm of ‘Forms’. In his famous analogy of the cave (in The Republic), shackled prisoners are able to see no more than fleeting images, shadows cast upon the back wall of a cave by an unseen fire. Only the philosopher turns to see the objects themselves, the fire that casts their shadows and then, beyond the mouth of the cave, to the light of the sun. Reality is thus understood only by turning away from the wall and its shadows – in other words the ordinary world of our experience – and contemplating general principles and concepts.
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Insight


This view, which has been immensely influential in Western thought, tends to separate off the mind from the physical world of experience. It looks outside the world for its reason and its meaning, so that the things we see have less interest for us than do the theories we have of them. This was radically different from the ideas of the Pre-Socratics, and it marked the point at which philosophy and science would later start to move apart, with philosophy heading in the direction of language, pure ideas and metaphysical speculation and science continuing to focus on making sense of our experience of the physical world.
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ARISTOTLE




Aristotle (384 BCE –322 BCE) argued that knowledge of the world comes through experience interpreted by reason; you need to examine phenomena, not turn away from them. The process of scientific thinking therefore owes more to Aristotle than to Plato. He saw knowledge as something that develops out of our structured perception and experience, bringing together all the information that comes to us from our senses.


Aristotle set out the different branches of science, and divided up living things into their various species and genera – a process of classification that became a major feature of science. He was clearly fascinated by all aspects of nature and the way in which things worked together in order to produce or sustain life. Many of the terms we use in science today come from Aristotle.


Most significantly, Aristotle argued that a thing had four different causes:


    1  Its material cause is the physical substance out of which it is made.


    2  Its formal cause is its nature, shape or design – that which distinguishes a statue from the material block or marble from which it has been sculpted.


    3  Its efficient cause is that which brought it about – our usual sense of the word ‘cause’.


    4  Its final cause is its purpose or intention.


For Aristotle, all four causes were needed for a full description of an object. It was not enough to say how it worked and what it was made of, but one needed also to give it some purpose or meaning – not just ‘What is it?’ or ‘What is it like?’ but also ‘What brought it about?’ and ‘What is it for?’


There are two important things to recognize in terms of Aristotle and the development of science:


    1  His success and importance gave him such authority that it was very difficult to challenge his views, as we see happening later in connection with the work of Copernicus and Galileo.


    2  The development of modern science, from about the seventeenth century onwards, was based on a view of the nature of reality in which efficient causation dominated over final causation. In other words, the Aristotelian world, where things happened in order to achieve a goal, was replaced by one in which they happened because they were part of a mechanism that determined their every move. This is something of a caricature (both of Aristotle and of seventeenth-century science), but the shift is clearly important for the philosophy of science.


 


ARCHIMEDES




The ancient Greeks considered so far are best known now as philosophers rather than scientists (although that distinction was not made in their day), but there is one person who stands alongside them as hugely important for the development of science; that person is Archimedes (287 BCE – 213 BCE).


He is perhaps best known for his bath, from which he leapt shouting ‘Eureka! Eureka!’ But to reflect on the significance of what he had found, let us reflect on the degree of sophistication of his answer to the problem set. His task was to find if a crown was made of pure gold or if it had been debased. Its weight was equal to the gold supplied. He therefore wanted to measure its volume, and check it against the volume of gold of the same weight, but clearly he could not take the crown apart or melt it down in order to do so. By observing how water was displaced as he got into his bath, he had a simple method of measuring volume – by measuring the volume of water displaced when the crown was immersed in a container full of water. He checked it against the displacement produced by an equal weight of gold, found that its volume was greater, and therefore concluded that a lighter metal had been added.


Notice what was involved in solving this problem:


 




	He has to recognize that the density of a pure substance is the same wherever it is found, and therefore that a change of density will indicate that a lighter substance has been added.


	He knows that density is proportional to weight and volume.


	He knows the weight; therefore all he needs to do is to check the volume.


	The displacement of water provides a practical answer to that task.





You have here a combination of abstract reasoning about substances and their density with a very practical form of measurement. It was a remarkable achievement for Archimedes, but not for the goldsmith, who was executed for having debased the gold in the crown!


Another aspect of Archimedes’ work is summed up in his well-known saying that, given a lever and a secure place upon which to rest it, he could move the world. This referred to his work with levers, cranes and pulleys, much of which he developed for military purposes. He produced catapults as well as devices for grappling and hauling ships out of the water. He even used lenses to focus the sun’s rays on the besieging Roman ships, causing fires.
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Insight


Whereas the pre-Socratics had speculated about the fundamental nature of things, and Aristotle had developed key concepts and systematized the sciences, it is Archimedes who stands out as the practical scientist, using experiment and theory to solve practical problems.
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The medieval world-view


The rise of modern science in the seventeenth and eighteenth centuries is often contrasted with the medieval world that preceded it. The caricature is that the medieval world was one based on authority and superstition, whereas, from the seventeenth century, all was based on evidence and reason. However, it would be a mistake to underestimate the way in which medieval thinking, and the universities that developed and disseminated it, made later science possible. But first we need to take a brief look at how Greek thought developed after the time of Aristotle.


 


AFTER ARISTOTLE




After Aristotle, there developed two very different approaches, both of which find echoes in later science. On the one hand, the Stoics saw the universe as essentially controlled by a fundamental principle of reason (the Logos). Their aim was to align human reason and behaviour with that overall, rational scheme. This view of the universe, along with their moral principles that followed from it, found parallels in the development of Christianity, in which the world was thought to be ruled by a rational deity, and where Christ was described as the Logos made flesh. On the other hand, the Epicureans developed the earlier work of the atomists. For them, the universe was essentially impersonal and determined by the material combination of atoms. The human observer was therefore liberated from any universal principle or authority and free to set his or her own goals.
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Insight


Does human reason reflect a universal principle of reason, or does it stand alone in an impersonal, random universe? That is the stark contrast presented by the Stoics and Epicureans. Modern thought has elements of both, since we assume that the universe can be understood rationally, while accepting that its laws work in an impersonal way.
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The other major influence on thinking about the nature of the world came with the rise of Christianity, which from a small Jewish sect became an established religion within the Roman empire. Its theology developed against a background of the Greek as well as Jewish ideas, and it naturally tended to find an affinity with ideas from Plato and the Stoics, rather than with those of Aristotle and the Epicureans. As a result, the attitude to the physical world, expressed by Christian thinkers such as St Augustine, tended towards the Platonic view that what happened on earth was but a pale reflection of the perfection of heaven.


This was reinforced by the view of the universe expounded in the second century CE by Ptolemy of Alexandria (c. AD 90 – c. AD 168). In his cosmology, the Earth was surrounded by ten glassy spheres on which were fixed the Sun, Moon, stars and planets. The outermost of these was regarded as the abode of God. Each sphere was thought to influence events on the Earth, which led to an interest in astrology. Everything in the spheres above the Moon was perfect and unchanging; everything below it was imperfect and constantly open to influence and change.


With the dominance of Christian theology, Greek philosophy was banned and was effectively lost to the West through what are generally known as the ‘Dark Ages’. However, Aristotle and other thinkers had already been translated into Arabic, and their philosophy continued to be examined and developed, along with mathematics, by a succession of Muslim thinkers. It was only in the thirteenth century, particularly as a result of the translation into Latin of Averroes’ commentaries on Aristotle, that his thought was reintroduced into the West and spread through the newly developing network of universities.


 


THE MEDIEVAL SYNTHESIS




There was an amazing flowering of philosophy in the thirteenth century, with thinkers such as Thomas Aquinas (1225–74), Duns Scotus (1266–1308) and William of Ockham (c.1285–1349). Universities were established throughout Europe, and the ‘natural philosophy’ taught in them (largely based on the rediscovered works of Aristotle) was an important preparation for later developments in both philosophy and science.


Certain features of Greek (particularly Aristotelian) thought influenced the way medieval thinkers looked at the world around them. All physical things were thought to be made up of four elements: earth, water, air and fire. Each element had its own natural level, to which it sought to move. So, for example, the natural tendency for earth was to sink, water to flow down and fire to rise up, thus explaining motion.


It was taken as an unquestionable fact that the heavens were perfect, and therefore all motion in heaven had to display perfection, and thus be circular; there was no scope for irregularities within the heavenly spheres. This belief caused terrible problems when it came to observing the orbits of the planets and their retrograde motion – somehow what was observed had to be resolved in terms of perfect circles, as we shall see later. Although medieval thinkers were logical, they used deductive logic. In other words, they started with principles and theories (e.g. the heavenly spheres are the realm of perfection; perfect and eternal motion is circular) and then deduced what observations ought to follow. This was in stark contrast to inductive arguments, as used by later science, where evidence is gathered as the basis for framing a theory.
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