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The Philosophy of Science.

INTRODUCTION AND OVERVIEW
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1  Introduction.

It is almost too obvious to say that we live in an age that is dominated by science.  It is not just that our economy and our way of life rest on the products of science and technology; our whole world-view is infused with a scientific outlook: even those who have no interest in science still see the world through science-tinted spectacles, and even the least interested are aware of the dazzling discoveries that science has made.  Popular science books shout at us from the shelves.

         Despite this, I think that there has been a widespread disenchantment with science over the last few decades – a turning away or even rejection of the scientific outlook.  We can speculate about its causes: the blight of industrialisation; the threat of terrible weapons of mass destruction; the rise of technologically assisted bureaucratic means of control; the destruction of the environment and so on.  Whatever the cause, the symptoms are there: New Age Romanticism; alternative therapies; para-psychology and, in intellectual circles, a shift towards relativism and the ‘post-modern’ outlook.  At a more practical and perhaps more frightening level, we can see the dramatic decline in young people choosing to study science.

         Underlying this “disenchantment” there has been some hugely significant changes within the philosophy of science.  As I hope to show, there has been a slide from the initial peak of optimism and positive attitudes towards science, down into a much more complicated, uncertain and sceptical tangle of opinions.  The three contributions that follow by Paul Cockburn, Phil Rees and Peter Gibson, illustrate this complex, contentious situation.  I will try to sketch out the background to these developments.

2  Overview.

The textbooks usually claim that the “scientific age” began tentatively in the 16th Century with the work of Copernicus (1473-1543) and gathered pace in the 17th. Century with such figures as Galileo (1564-1642), Tycho Brahe (1546-1601), Francis Bacon (1561-1626), Kepler (1571-1630) and Harvey (1578-1657), culminating in the magisterial work of Newton (1642-1727) and the Enlightenment of the 18th Century.  But, of course, an enormous amount of science-of-a-kind had been done long before.

         For example, amongst the Ancient Greeks, Pythagoras (c560-c480 BC) suggested that the Earth was a sphere and the seasons result from a tilt in its axis.  Aristarchus (310-230 BC) suggested that the Earth went round the Sun, and Eratosthenes (284-192 BC) measured the circumference of the Earth and was within 400 miles of the accepted figure.  Philosophers such as Democritus (c420 BC) and Leucippus (c450 BC) gave us atomism, and Archimedes (c287-212 BC) began the science of hydrostatics, and so on.  In fact a huge proportion of the works of Aristotle (384-322 BC) is closer to science than it is to philosophy.  Further important contributions were made by Arab and Mediaeval Christian thinkers.

         However, by the time we get to the “rise of science” in the late 16th., and 17th Centuries, much of Greek thought, especially the work of Aristotle, had become entangled with theology and ossified into the intricate and elaborate structures of scholastic philosophy.  Certainly this was the view of the first great champion of science, Francis Bacon.  He railed against Aristotle and against the “schoolmen” of his day.  He despised their intricate chains of deductive reasoning; as if truth could be found by following strings of Aristotelian syllogisms.

         In his Advancement of Learning (1605) Bacon compares them to spiders, forever spinning out webs of propositions from within themselves.  Bacon’s alternative was a thorough-going inductive empiricism.  If we want to discover truths about the world we must make observations, conduct experiments, formulate laws by looking for correlations, test for possible falsifications and so on.

         [In deduction we start from propositions, the premises, and show what follows from, or is entailed by them, thus reaching a conclusion which was “contained in” the premises.  E.g. All cats are mammals.  Tibby is a cat.  Therefore Tibby is a mammal.   With induction we start from particular instances or observations which serve as the evidence or grounds of our argument, and we generalise to a general rule or universal law.  E.g. This sample of water boiled at 100°C; this ample of water boiled at 100°C… etc., therefore all water boils at 100°C (at NTP).]

         Bacon’s great work Novum Organum (1620) was aimed directly at Aristotle’s Organon.  He wanted to sweep away a whole world-view and replace it with a new “scientific” method.  He would rid us of Aristotle’s emphasis on a priori deductive reasoning and his essentialism.  As an illustration of what Bacon objected to, consider Aristotle’s attempt to work out the sex of honey bees from general principles: 

But, again, it is also unreasonable to suppose that bees are female and drones male, for nature does not give weapons for fighting to any female, and while drones are stingless all bees have a sting.  Nor is the opposite view reasonable, that bees are male and the drones female, for no males are in the habit of working for their offspring, but as it is bees do this.  Generation of Animals (759b1-6).

         I am happy to leave it to Peter Gibson to explain the intricacies of modern essentialism, but I will say a little about its earlier form.  Aristotle held a version of essentialism and this was taken up by some scholastic philosophers.  Aristotle believed, very roughly, that each kind of thing – a man, a horse, a bee – had its own peculiar substance.  This substance consisted of matter together with a form.  Matter itself was undifferentiated “stuff”, of which all things are constituted, but matter cannot exist except in some form or other.   Conversely, any given form could not exist without a quantity of matter.  So a man is a unique substance which consists of a quantity of matter with the form of a man.  

         What this means is that every unique substance must have an “essence”: a defining characteristic that makes it the thing it is.  Thus a man is an animal like many other animals, but what distinguishes him is “rationality: man is a rational animal.  So, Socrates may have many “accidental” properties, such as a snub nose or a nagging wife, but he must necessarily have rationality if he is to be the man Socrates.

         For Aristotle, science must try to determine what the essence is of all the different kinds of things or substances that exist.  When it has discovered these essences it can deduce from them other necessary properties.  Thus if man must be rational he must be able to think, and to think he must have language.

         It was this view of science that was rejected so vehemently in the 17th Century, especially by the empiricist philosophers.  John Locke (1632-1704) made a vigorous attack and later Voltaire (1694-1778) lampooned the theory by “explaining” the soporific effects of opium by the fact that it contains virtus dormitiva.  In other words, Aristotelian and scholastic essentialism was seen as an empty verbal game – not science at all.  Science was to work by observation and experiment, not by analysing definitions.

         It is not easy for us to imagine ourselves back into that pre-scientific age and understand the passion with which such as Francis Bacon attacked the established outlook.  Perhaps we can get a glimpse from a book published in Bacon’s lifetime.

The Summe of a Disputation between a Mr Walker Pastor of St. john Evangelistsi in Watling-Street London: and a popish Priest, calling himselfe Mr Smith, but indeed Norrice, assisted by other Priests and Papists.  Printed 1624. (Notice that this was published four years after the Bacon’s Novum Organum and in the year that Galileo was granted permission to present his heliocentric theory to Pope Urban VIII.)  After some preliminary skirmishes the debate proceeds:

Mr Walker.  ….I fear me that this kinde of Frier-like preaching, is odious and distastfull to all judicious beholders: I pray you let us dispute orderly, and according to art: And if you be able to dispute Scholler-like, let us have one argument framed into a short Syllogism.

Mr Smith.  I warrant you I can make Syllogismes to your small comfort.

Mr Walker.  And I doubt not but that I shall as eassly answer them to your small ease.

Mr Smith.  Then he with much adoe uttered this Syllogisme, and caused it to be written down ....  (pp. C2 a-b.  Spelling in the original.) 

The book then continues with a series of syllogisms and challenges to them.  This would have been the model of correct disputation.

         However, enthusiasm for science spread rapidly throughout much of Europe.  The progressive intellectuals of the day could see that something remarkable was happening: the new science was giving us knowledge even beyond that of the Ancient Greeks.  It must have been an exciting time – a time of revolutionary changes in our thinking.  By the 18th Century Enlightenment, science was seen as the hope of mankind: it would bring unprecedented health, well-being and happiness.

         Of course, this revolution was not universal.  It excited an intellectual elite, such as the members of the Royal Society (founded 1660) and the Paris Academy (1700), but it is doubtful if it affected either the illiterate masses or the vast ranks of the conservative, educated classes, including the church.  This is illustrated by such books as Drelincourt’s The Christians Defence against the Fears of Death with Seasonable Directions how to Prepare Ourselves to Die Well.  (Eighteenth edition. 1756.)  Although published at the height of the Enlightenment it contains a preface, ‘A true relation of the apparition of one Mrs Veal, the next day after her death, to one Mrs Bargrave, at Canterbury’,  in which a ghost returns to say what a fine and accurate book it is.  This was a credulous and superstitious age despite the emergence of science.

         None-the-less, science slowly prevailed and by the end of the 18th Century the scientific outlook dominated European culture.  Intellectuals not only embraced the scientific outlook, they saw science as the salvation of mankind – it would rid us of poverty, ill-health, starvation and suffering, and free our minds of superstition and fear.

         I suggest that it is possible to summarise the prevailing view in five main beliefs:-

(1)  Science gives us knowledge and understanding: it discovers objective truths.  This is in stark contrast with the beliefs, opinions and superstitions of the past.  There will be no more endless disputations about the minutiae of beliefs: we will have certainty – real facts about the world.

(2)  Science makes progress: it accumulates knowledge.  Instead of a succession of fashions, cults or systems of belief, science will build fact on fact as a rolling snowball collects snow.  Our understanding of the world would progress, not merely change.

(3)  Science has a special method which distinguishes it fro all other activities.  Science is a device for discovering truth and it works in a way unlike anything we have had before.  How else can we explain its amazing success?  No other activity has this special method so there is a clear demarcation between science and non-science.

(4)  Science is a paradigm of rationality because its method is rationally justifiable.  It is respectable – unlike superstition, religion and mysticism – because, once we have identified its proper method, we can understand why it succeeds in finding truth and avoiding error.  There need not be wars over scientific truths as there have been over religious beliefs.

(5)  Science is morally neutral:  it deals with facts not values.  This claim was reinforced by David Hume’s famous discussion of the fact-value divide.  So, although it may be morally good to adopt the scientific approach so as to solve our problems, and although the products of science may be morally valuable, the scientific method itself is concerned only with objective facts.

         These five beliefs sum up the peak of confidence, admiration and optimism about science.  It has been down hill ever since.

         I want to end my contribution by sketching this decline; by showing how complications, disputes and scepticism have clouded this shining vision.  In doing so I hope to place the other three contributions into their context.

2.1  Scientific Method.

If science has a special method that explains its success then surely we must be able to say what it is, and if that method can justifiably be called ‘rational’ then we must be able to describe it with reasonable precision.   However, these tasks have proved much more difficult than the early optimists could ever have dreamed.

         There was controversy right from the beginning.  Despite Francis Bacon’s persuasive arguments, many philosophers rejected his empiricism and favoured a rationalist position.  Their model was geometry: science must begin from a priori truths, taken as axioms, and then argue deductively so as to arrive at a set of theorems about the world which have the certainty of mathematics.  Relying on the vagaries of sense experience was seen as a recipe for error.

         The empiricists – Bacon, Locke, Berkeley (1685-1753) and Hume (1711-1776) – argued that knowledge of the world must come from sense experience.  We must achieve certainty by beginning with careful, unprejudiced observations, and from these we must formulate laws of nature by means of inductive reasoning, rather than deduction.

         By-and-large, the empiricist view of science became dominant, but cracks were soon showing in the face of sceptical arguments.  Berkeley abandoned realism in favour of idealism, and Hume, the arch-empiricist, had to conclude that the material world was just a “convenient fiction”, thus anticipating the instrumentalism that Phil Rees will discuss.

         David Hume convinced most people that traditional rationalism could give us certainty only at the cost of telling us nothing about the world.  Unfortunately, he went on to undermine empiricism too by showing that the conclusions reached by inductive reasoning cannot be rationally justified: it always goes beyond its evidence.  So if science uses induction, and the empiricists insisted that it must, then it cannot claim to have a rational method.  None-the-less, various brands of inductive empiricism were in favour throughout the 19th Century, at least in Britain, under the influence of John Stuart Mill (1806-1873).

         The horrors of the First World War rekindled the Enlightenment desire for a rational reform of corrupt and archaic systems of thought.  The Logical Positivists again embraced science as the hope of mankind.  They argued that science was the only source of genuine knowledge.  Indeed, their verificationist theory of meaning was supposed to show that all other discourse was strictly meaningless.

         However, there was a serious problem with scientific realism because scientists would insist on talking about theoretical and unobservable entities such as atoms, electrons, protons, magnetic fields, perfect gases and genes.  But if these are allowed then why not allow cherubim and seraphim, angels and fairies?  For this kind of reason the Logical Positivists tended towards instrumentalism, according to which scientific theories are not descriptions of the world; they are merely prediction devices – as Phil Rees will explain.

         Attempts to give a full and convincing account of scientific method culminated in the work of Karl Popper (1902-1994).  He took Hume’s problem of induction very seriously and tried to describe the scientific method in a way that avoided inductive reasoning altogether, while not resorting to old-fashioned rationalism.  Paul Cockburn will describe his famous hypothetico-deductive method, plus his falsificationism.  Here at last was, claimed Popper and his followers, was an account of scientific method that was both precisely describable and rationally justifiable: so it could be used to demarcate between real science and pseudo-science. 

         Unfortunately, Popper’s great theory began to crumble within a decade or so of its publication.  Philosophers found several serious faults with it, despite the fact that numerous scientists claimed that it described their practice exactly.  Perhaps the most hurtful criticism, as far as Popper was concerned, was that his falsificationism rested ultimately upon inductive reasoning: why abandon falsified theories unless you believe, on past experience, that they will be falsified again?

         However, as Paul Cockburn will explain, a new and even more destructive attack came from the historian of science, Thomas Kuhn (1922-1996).  Roughly, he argued that the whole idea of ‘the’ method of science is a nonsense – the search has been a wild goose chase.  If we look at the history of science we find that different scientists have pursued science in different ways.

         But, if science has no particular method, how can we explain its progress and how can we claim that it is especially rational?  If there is no distinctive method how can we distinguish real science from non-science or pseudo-science?  The five beliefs seem to be crumbling.

2.2  Scientific Knowledge.

There has been a parallel process concerning the claim that science gives us objective truth – real knowledge and understanding, as opposed to mere belief and opinion.  In the time of Francis Bacon it was plausible to believe that science would simply accumulate more and more “facts” until we eventually knew all there was to know about the world.  

         However, very soon problems began to appear.  Scientists began to formulate and defend opposing theories, and purported “facts” were shown to be mistaken.  The planets may orbit the Sun as Copernicus said, but not in perfect circles; light is a steam of corpuscles – no it is a wave; heat is a form of fluid called ‘caloric’ – no it is a form of motion; burning involves giving off phlogiston – no it involves taking up oxygen, and so on.  The greatest blow of all came when Einstein showed that Newton’s renowned theory was not just inaccurate, it was fundamentally mistaken.

         This leads us to what has been called ‘the pessimistic induction’.  Consider cosmological theories for example.  Ptolemy’s Earth-centred theory was falsified and replaced by Copernicus’s heliocentric theory.  This was abandoned in favour of Kepler’s theory of elliptical orbits which, in turn, was shown to be false and replaced by Newton’s gravitational theory.  In the 20th century this was shown to be false and replaced by Einstein’s general theory of relativity.  Each theory has been held for a while, only to be shown to be false.  By induction, what does this tell us about the latest theory we owe to Einstein?  We can predict that it too will be falsified. 

         The implications are serious.  Science appears to be the practice of systematically basing our beliefs on false theories.  What is rational about that?  If science moves from false theory to false theory, in what sense does it make progress?

         Soon other sceptical or relativist arguments gained ground.  “Unprejudiced observation” is a myth since all observation is theory laden.  Kuhn developed this into the claim that all ‘normal science’ is conducted within a ‘paradigm’, and different paradigms are incommensurable – they cannot be measured one against the other.  So, the can be no ‘crucial experiments’ to choose between rival theories.  ‘Paradigm shifts’ are essentially non-rational: they depend as much on sociological and psychological factors as they do on so-called “evidence”.  Ambitious young scientists scramble aboard a new theory because that is where careers are to be made and Nobel Prizes won, not because the old theory has been conclusively falsified à la  Popper.

         It seems that science does not give us objective truth: it is not an accumulation of knowledge, it is a series of fashionable beliefs and values are at the heart of science.  The drift into relativism seems inevitable, and any form of scientific realism seems indefensible.  All five beliefs about science listed earlier have been seriously challenged: science is just modern-day theology.

         And yet there must be something wrong here.  How can we deny the success of science - that we know and understand immensely more about the world than we did in the 16th Century?  How can we explain the huge transformation that science has helped to bring about if science is just a collection of opinions and beliefs?

         To answer these questions, philosophers of science have been casting around for alternative approaches.  Instrumentalism, as Phil Rees will explain, is one possibility.  Some philosophers such as Ian Hacking, Rom Harré, Bill Newton-Smith, Nancy Cartwright, and Roy Bhaskar have tried to develop better versions of realism in direct opposition to instrumentalism.  Ironically, one possibility harks back to dear old Aristotle, who was so roundly dismissed at the start: a form of essentialism is being seriously considered, as Peter Gibson will explain.  I have not expressed my own ideas throughout this talk but, in fact, I want to defend science and try to overcome the worse of the sceptical and relativist arguments, and try to develop a realist approach to science.

3.  Summary.

At the time of the “rise of science” in the 16th -17th Centuries, the philosophers and scientists shared at least five beliefs about science: (1) science gives us objective knowledge; (2) science makes progress; (3) science has a special method; (4) science is a model of rationality because its method is rational, and (5) science is morally neutral.  However, all of these beliefs have proved very difficult to sustain.

         If we look at scientific method, all attempts to identify it have been questioned and, if Kuhn and Feyerabend are to be believed, there is no such thing.  If we look at scientific knowledge we find that it is difficult to show that science gives us real, objective truth, as opposed to theories which hold sway for a while, only to be superseded by others.

         In the face of this drift towards relativism and scepticism, philosophers have searched for a better understanding of what science is and how it proceeds.  The talks that follow, by Paul, Phil and Peter, take up aspects of this complicated picture, as I hope I have shown.



