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Glossary


Introduction

Science began as a branch of philosophy, and for a long time the two pursuits were closely intertwined. Of course, science has since grown up and moved out of the family home, and its successes have put its parent in the shade: thanks to scientific knowledge we have walked on the Moon, cured once-fatal illnesses, even identified the very building blocks of life and the universe. And yet, it is this very success, and the dominance it has led to, that underlines the need for philosophy. How much should we trust the pronouncements of scientists? Are they infallible, or should we take what they say with a healthy dose of scepticism? Can science tell us about all aspects of life, or are there limits to it? What are the ethical implications of scientific discoveries? Once we start to ask these questions – about truth, knowledge, reality and morality – we have already begun to engage with philosophy.

In straightforward and accessible terms, 50 Philosophy of Science Ideas You Really Need to Know provides an overview of the key concepts and theories that have driven and shaped the development of science, as well as the doubts and controversies that continue to haunt it. From ancient Greece to the modern day, we see how philosophical questions provide valuable insight into the nature and practice of science, and how these issues continue to affect us all.

However, the purpose of this survey is not to undermine the status of science – there are of course those who wish to do so, and we shall look at examples of such criticisms. But we shall also consider those who have attempted to support and further the scientific enterprise; to establish sound principles of investigation and method, to defend against scepticism. As such, rather than taking sides in these debates, the book seeks to lay out the general landscape so that you can engage with these issues for yourself. Ideas are arranged in order of difficulty, with later chapters building upon groundwork laid in earlier ones. Since science – most agree – is progressive, this order also more or less follows historical development, with later chapters representing more recent and complicated issues (with some exceptions). Whenever possible, the key texts contributing to each idea are listed in the timeline or main text, so anyone wishing to follow these debates through the original authors can do so.
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01 Natural philosophy

The first scientific theories were philosophical speculations about the fundamental nature of the physical world. As such, they were based more on logic and conjecture than observation and experiment. However, in turning away from religious and mythological accounts in favour of natural explanations, such philosophers established the basis for the scientific attitude.

The Greek philosopher Thales of Miletus (c.624–c.545 BC) is often considered the first philosopher – or at least, the first in the Western philosophical tradition. However, he may also be considered the first scientist.

The establishment of science as a discrete discipline would have to wait another couple of millennia, but rational conjecture about the world, its laws and constitution, the structure of the cosmos, and so on, first appeared in ancient Greece under the guise of natural philosophy, a name that it retained into the nineteenth century. If we think of philosophy as the search for ultimate answers, then natural philosophy is simply the application of philosophical tools – logical method, conceptual analysis, argument and proof – to the natural world. In this sense, science is the philosophical sibling of ethics (moral philosophy), epistemology (the theory of knowledge), aesthetics (philosophy of art), political philosophy, or any subject to which the tools of philosophical analysis can be applied.

‘Most of the earliest philosophers conceived only of material principles as underlying all things.’

Aristotle, Metaphysics

The essence of natural philosophy The main difference between natural philosophy and science proper is perhaps the emphasis on experiment. Natural philosophy was largely conjectural and theoretical, and its earlier practitioners seem to have favoured logic and argument as a means to establish their theories, which contained very little in the way of systematic observation or testable hypotheses. Thus, looking for the ultimate nature of the universe – its ultimate causes and ‘first principles’ – Thales proposed that it was made of water. This may resemble at first sight the sort of semi-mythical explanation that natural philosophy was attempting to escape, but on closer inspection we can see that there is a certain logic in this. As an element, water can be solid (ice), gas (steam), and of course liquid.





Thales

Thales was born in around 624 BC in Miletus, an ancient Greek city on what is now the west coast of Turkey. As such, he is seen as the founder of the Milesian school of philosophy, which would also include Anaximander and Anaximenes. As befitting the first scientist, he is sometimes credited not only with predicting a solar eclipse, but with identifying the dates of the solstices, measuring the heights of the pyramids from their shadows alone, and various other discoveries in geometry, astronomy and other fields (all of which we may take with a pinch of salt). He was considered by ancient tradition as the first of the Seven Sages of Greece, a list of individuals notable for their wisdom.

In contrast to his scientific credentials, however, we also find him associated with what would now be considered less rational views. He famously proclaimed that ‘all things are full of gods’ and that magnets have ‘souls’. Whether this was a metaphorical way of describing certain more scientific ideas, we do not know. He died in around 545 BC, one story has it, from dehydration while watching a gymnastic contest.






Sadly, however, since none of Thales’ original works survive, we are left to guess what he really meant (this is true for most of the early philosophers, or Presocratics, as they are called: those who came before Socrates). We only know of Thales’ theories at second hand, through Aristotle and other later authors, and we therefore face the question not only of how accurate and unbiased these later commentators were, but the difficult task of filling in the gaps (for instance, it is unclear as to how Thales thought ‘fire’ might emerge from ‘water’).





The Presocratics

The earliest philosophers in the Western tradition are the ancient Greeks known as the Presocratics. This is a convenient term denoting the fact that they mostly appear before Socrates (470–399 BC) – though some are contemporary with him – but also indicating a different approach to philosophy. Later Greek philosophers termed them physiologoi or ‘natural philosophers’, in that they were primarily concerned with the ultimate make-up of the natural world – hence, in a sense, the first scientists.






Later philosophers took up this question of ultimate constitution, and proposed differing solutions: Anaximander (c.610–c.546 BC), Thales’ pupil, proposed that the four elements emerged from a single substance which he termed ‘the Boundless’; Anaximenes (585–528 BC) conjectured that the fundamental principle was air; Heraclitus (c.535–c.475 BC), argued for fire, which we may read as a metaphor for constant change or ‘flux’; Parmenides (c.515–c.540 BC) and his pupil Zeno (c.490–c.430 BC), argued that all things that exist were in fact merely aspects of the same single substance (a view known as monism); Anaxagoras (c.500–c.428 BC) proposed that all matter was infinitely divisible and motionless, animated only by a universal mind; Leucippus (fl. fifth century BC) and his pupil Democritus (c.460–c.370 BC) proposed the earliest version of atomism, or the idea that the universe consists of indivisible and indestructible elements.

‘Thales, the founder of this school of philosophy, says the permanent entity is water.’

Aristotle, Metaphysics

Early advances Most of these solutions seem simplistic now, and even the most promising of them are primarily speculative. But they reveal the first gropings of the rational search for knowledge as it struggles to disentangle itself from religion and myth. So, instead of accepting theological or metaphorical accounts of the world and how it came to be, the first natural philosophers attempted to create a picture of the world that made sense in human, rational terms.

It is also surprising to consider just what such natural philosophers did achieve, with little technological aid and limited information and resources. Thales himself made advances in mathematics and astronomy, and was able to predict the solar eclipse that halted the Battle of Halys between the Medes and the Lydians in 585 BC. Eratosthenes of Cyrene (c.276–c.195 BC), often considered the founder of the discipline of geography, not only knew the Earth to be round, but – depending on interpretation – may have managed to calculate its circumference to within 2 per cent of the accurate figure.

So, while many of their ideas may now seem quaint or misguided, such feats reveal that the efforts of early natural philosophers were very much in the scientific spirit. The application of mathematics to physical phenomena, the faith in reason to arrive at an understanding of the universe, a belief that the world is ordered and predictable, the emphasis on logic and proof – each of these can be traced back to these ancient Greek philosophers, and it is to these attitudes that modern science owes a debt.

the condensed idea

The underlying nature of the world



	timeline



	c.624 BC
	Thales of Miletus is born; proposes that the fundamental principle is water



	c.610 BC
	Anaximander is born; considers that everything emerges from ‘the Boundless’. Thales allegedly predicts solar eclipse that halts the Battle of Halys



	585 BC
	Anaximenes is born; proposes air as the fundamental principle



	c.536 BC
	Heraclitus is born; proposes that the essence of reality is ‘fire’



	c.500 BC
	Anaxagoras is born; proposes that matter is infinitely divisible and animated by ‘mind’



	c.490 BC
	Socrates is born; moves philosophical enquiry towards ethics and epistemology



	c.460 BC
	Democritus is born; promotes atomism





02 Appearance and reality

Plato was among the first philosophers to picture the job of philosophy as to uncover the true knowledge that lay behind appearances. As such, he saw sense experience as providing an illusory ‘veil of perception’ that could not be trusted, and which must therefore be supported by purely rational ideas.

The Sun rises; the sky is blue. Taken literally, both these statements are false. The Sun only appears to rise due to the rotation of the Earth, which moves in orbit around it; the blueness of a clear midday sky is due to the scattering of light rays by certain gasses in the Earth’s atmosphere, and therefore only appears blue under certain conditions. In fact, the sky itself – as with other physical objects – may be said to have no ‘real’ colour at all. In these cases, our perceptions of motion and colour can mislead us into making false assumptions, and it is only when we get behind appearances that we begin to gain a true picture of reality.

Reality and illusion This distinction – between appearance and reality – emerged in philosophy very early, and perhaps finds its earliest full expression in the work of the Greek philosopher Plato (429–347 BC). Citing common misconceptions and optical illusions – that, for instance, a straight stick half submerged in water can appear bent – Plato argued that true knowledge cannot come from first impressions. Our senses often mislead us, and opinions based on hearsay or conjecture may be equally unreliable. What is required then is a rational account by which we come to understand the reasons for such appearances. Once we comprehend how light refracts in water, and other such phenomena, then we can account for the illusion and avoid similar mistakes in the future.





The Simile of the Cave

Plato’s Simile of the Cave is well known, but its symbolism isn’t always fully appreciated. Each aspect relates to a specific step on Plato’s ladder of knowledge. There’s some debate about the exact correspondence, but here’s the general picture. There are six elements, three within the cave, and three without. The cave itself represents the world of the senses, and outside it that of pure intellect. The shadows in the cave represent the illusory nature of sense perception and blind trust in opinion. The objects and object carriers in the cave represent the influence of opinions ‘carried’ by others; in looking at the fire, we begin to establish our own opinions, but as yet for the wrong reasons – the objects of our knowledge are still potentially illusory perceptions.

Outside the cave, however, we become acquainted with the true underlying principles of reality (rational ideas): first, indirectly, through the shadows and reflections of real objects, which represent the process of logical debate and discussion; second, in turning to the objects themselves, we discover the true ideas behind appearances, such as mathematical truths; and, finally, in the Sun itself, the true and final source of these ideas, the ultimate ‘Form’ – what Plato terms the Form of the Good.






Plato famously illustrated this view with what has since become known as the Simile of the Cave. Human ignorance, he argued, may be compared with incarceration in a dark cave, where we are like prisoners physically constrained so that we can see only confusing shadows cast against the cave wall. Freed from their confinement (and the illusions of the senses), the prisoners can turn to see the actual objects, carried by others before a great fire, and from there are led out of the cave into the outside world, to observe the reflections of true objects, then the objects themselves, and eventually to the source of light itself – the ‘Sun’ of full rational knowledge.





The status of science

We are used to thinking of scientific statements as among the highest and most rational forms of knowledge possible. However, for Plato this wasn’t the case. Since science was concerned with the physical world, knowledge of which relied on the evidence of the senses, all scientific knowledge could ever amount to was a form of ‘true belief’. It would therefore be left to later rationalists, such as Descartes (see Rationalism) to attempt to establish the full rationality of science.






Plato’s influence Plato’s picture has had a profound influence upon the development of science and philosophy, and many modern scientists arguably still see their job as to unearth the true ‘reality’ behind the ‘veil of perception’ (as it has been called). In other words, sensory information (or sense-data – see Phenomenalism) cannot be taken at face value, but must be analysed, interpreted and explained via rational means: the construction of theoretical models, the discovery of natural laws. Such a view is a form of what is generally known as realism, or the assumption that there is a certain way the world is, independent of human thought (see Realism).

‘Last of all he will be able to see the sun … and he will contemplate him as he is.’

Plato, Republic

Since scientists seek knowledge of this reality, then most also assume that it is accessible, and capable of being objectively understood by the human mind. Realism would therefore seem to be a cornerstone of the traditional conception of science; to deny that an independent reality exists, or that we could gain objective knowledge of it (beliefs which often form a basis for Scepticism), would seem to undermine the very foundations of scientific endeavour. Of course, this is not to say that there aren’t philosophers or scientists who hold to different views of what science does (as we shall see later), but some form of realism may be considered the consensus view.

There are two further consequences of Plato’s distinction between appearance and reality that are important for understanding later controversies in philosophy of science. First, that it is a form of rationalism (see Rationalism): true understanding lies in uncovering the universal ideas and principles that underpin reality, which are to be arrived at through logic and argument, or directly grasped by the mind (and not – importantly – primarily through experiment). This is obviously at odds with the modern emphasis on hypothesis and testing, and one reason why scientific method became increasingly associated with empiricism, an opposing philosophical school that argued that the senses actually play a vital role in establishing and guaranteeing scientific knowledge (see Empiricism).

‘When the mind’s eye rests on objects illuminated by truth and reality, it understands and comprehends them, and functions intelligently; but when it turns to the twilight world of change and decay, it can only form opinions.’

Plato, Republic

Second, Plato’s distinction seems to create a realm of pure ideas (which he termed the ‘Forms’), which is separate and distinct from common experience. But do we have any good reason to suppose that such ideas actually exist? Isn’t it more plausible to assume – as the empiricists later did – that we rather build up our understanding of the world through ideas that we form through experience? We look at this controversy later, but it’s interesting to note that this division is still at the root of philosophical and scientific disagreements as to the nature of reality and the purpose of science.

the condensed idea

The veil of perception



	timeline



	429 BC
	Plato is born to an aristocratic and influential family



	399 BC
	Socrates, Plato’s tutor, is put to death, influencing Plato’s dedication to philosophy



	c.399–387 BC
	Plato produces early dialogues echoing Socrates’ distrust of sensory experience



	c.375 BC
	Republic outlines Plato’s mature views on knowledge, politics, morality and art



	347 BC
	Plato dies



	1641
	Descartes’s Meditations emphasizes trust in reason over sense experience
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