
Science, Reason, and Reality 

Lecture 1: Introduction 

Potential Approaches of Philosophy of Science 
 Ethical questions about the role of science in society and the products of science (e.g. 

Manhattan project) 

 Science and belief, or how scientific findings should shape our views about the world, god, 

etc (e.g. evolution, evolutionary psychology) 

 Generally philosophy of science focuses not so much on these questions, but rather the 

issue of scientific methodology, logic, epistemology of science, etc 

General Questions 
 What are scientific theories 

 Is there a scientific method 

 What is the nature of scientific evidence 

 Are scientific theories true 

 Do the entities described by scientific theories really exist 

Simple Account of the Scientific Method 
 Observe facts and evidence 

 Generalise from these observations to form laws/rules 

 Classify these observations and laws/generalizations to form theories 

 The idea that science starts with the observations is supposed to be reflective of the fact 

that observations should be objective and free of the biases of theory, etc 

 Generalization generally moves beyond the particular observations that are made and 

makes claims about things that have not been observed (induction) 

 Theories, in this model, are constructed through the repeated application of the first two 

steps to form a number of laws that are combined to make theories 

Why Science is Special 
 Science employs objective criteria: unlike in politics, philosophy or the arts, there tends to be 

widespread agreement in science 

 The idea is that this is possible because there is a universal, objective scientific method that 

is based on neutral, impartial observation 

 Science is progressive and improves over time; scientific theories or paradigms are not 

merely fashions 

 The idea here is that the sustained use of the scientific method permits gradual 

accumulation of facts and explanations of those facts 

 Finally, there is the idea that science is rational; it is one of the best examples of humans 

using rationality to discover knowledge 

Potential Problems 
 This account of the scientific method is highly simplified and perhaps naive 



 The goal of much of the philosophy of science is to explain or work out how we can 

reconstruct this neat explanation/story about how science works and produces knowledge 

given that this simple account of the scientific method doesn't really apply 

Lecture 2: Induction 

The Need for Inference 
 There is a gap between the specific observations made in the observing part of science, and 

the general claims made in the construction of hypotheses/theories 

 The process of moving from the specific to the general is known as inference, or induction 

 Induction is usually generalisation, but it can also be the process of making specific 

predictions about future observations 

 Induction moves beyond the information contained in the premises – unlike deduction 

Discovery or Justification 
 Induction could be envisioned as either a method of discovering theories initially, or as a 

means of providing justification/support for existing theories 

 This is related to the question of whether the naive account of the scientific method is 

proscriptive or descriptive 

The Problem of Observation 
 The naive view says that science begins with observations of empirical facts 

 The trouble with this, however, is that there are simply too many possible things that we 

could observe, most of which will be uninteresting or irrelevant 

 In actuality, scientists observe only the relevant facts, and this in turn requires some 

theoretical conception of what counts as ‘relevant’ 

Problem of Theoretical Terms 
 The naive view fails to account for the use of theoretical terms, which are words used to 

refer to entities that cannot be observed through unaided senses, but have been posited by 

theorists (e.g. electrons, genes) 

 Some theories do not require the use of theoretical terms, while others do 

 The trouble is that the naive view does not explain how theoretical terms come into the 

explanation at all – it is not simple extrapolation 

Hypothetico-Deductivism 
 This is a more sophisticated account of the scientific method 

 It sees induction not as a means for developing or discovering hypotheses, but as a means of 

testing/justifying them 

 According to this explanation, scientists come up with hypotheses through a wide variety of 

methods, including guesses, analogy, best explanation, etc 

 Predictions are then derived deductively from these hypotheses, which are then empirically 

tested 

 If observations confirm the hypothesis, then we say it is said to enjoy inductive support 



Lecture 4: Justification of Induction 

Russell’s Principle of Induction 
 The basic idea is that when a large number of observed A’s have been B’s and no observed 

A’s have been non-B’s, it is highly likely that all A’s are B’s and the next observed A will also 

be a B 

 It seems that induction boils down to this basic concept – so is it justified? 

 Russell argues that this principle cannot be proved or disproved, but is justified a priori 

Objections to Russell 
 If Russell’s statement is truly a priori, then it is/was possible for us to gain knowledge of the 

natural world (specifically that the past is relevant to the present) without any actual 

experiential connection to the real world 

 This doesn’t seem right – how could we know something like this without looking at the 

actual world? 

Strawson’s Analytic Solution 
 This solution essentially states that ‘the demand for a justification is mistaken’ 

 Specifically, part of what we mean by use of the word ‘justification’ is that induction is 

justified 

 Analytic statements are true by virtue of the meaning of the words; for example ‘all 

bachelors are unmarried men’ 

 Synthetic statements are true by virtue of the way the world is 

 Starson’s essential argument was that the very practices that we have in mind when we use 

the concept of ‘justification’ are the practices of induction 

 Hence the demand to justify the use of induction simply does not make sense; it would be 

like asking if paradigmatic cases of ‘green’ are ‘really green’ 

Objections to Strawson 
 One objection is that the notion of justification is at least partly normative, whereas the 

descriptive concept of colour is not normative 

 Thus induction must be ‘justified’ in ways that use of the concept of ‘green’ perhaps doesn't 

 It is also not the case that all cases of induction are valid – one can make overgeneralisations 

and other bad reasoning methods 

 Thus, what we actually must refer to in the justification of induction are good standards of 

induction – but then this begs the question as to what counts as ‘good induction’, and why 

this is the case 

 Another related problem is the question of how we know that our natural methods of 

reason are inductive – if we assume this a priori then it is unjustified, but if we try to use 

induction to prove it then we have once again begged the question 

 Also, there are many philosophers who deny the existence of induction 

Reichenbach’s Pragmatic Justification 
 Either the world is uniform, such that the future is like the past, or it is not 

 We don't know which of these is correct, but we still must decide how we should act 



 If the world is orderly, then induction will work, and will be an effective guide to action 

 If nature isn’t uniform, then the ordinary use of induction will probably not work 

 However, if any method of future prediction does work in this non-uniform world, induction 

should detect it 

 Therefore, if anything will work, induction will work 

 Objections to Reichenbach 

 Reichenbach does not really prove that induction is the best method to use 

Retreat to Probability 
 Induction is usually analysed in terms of probability 

 However, all such probabilistic theories  assume that the past is relevant to the future 

 Thus, they do not answer the fundamental question of how we know this is the case, or why 

we should be justified in thinking that it is 

Lecture 5: Popper’s Falsificationism 

Rejecting the Traditional Problem 
 Most philosophers who consider the issue of induction try to show how induction is justified 

 Popper does not do this; he solves the problem by rejecting it 

 Thus, popper agrees with Hume that induction cannot be justified 

 However, he thinks that we in fact do not use induction, but use something different; it is 

this alternative method that we need to justify 

Popper’s Reformulation 
 Popper’s theory of Falsificationism holds that there is an essential asymmetry between 

falsification and verification 

 Namely, a single example against is sufficient to disprove a statement, but nothing short of a 

complete survey of the relevant population can verify a universal law 

 For example, do many how many white swans we see, we can never know if all swans are 

white – observation of a single black swan, however, immediately proves this idea wrong 

 The whole point of emphasising this asymmetry is to establish that it is indeed possible to 

develop a rational preference to hold one belief/theory over another 

 All theories that survive falsification can be tentatively accepted, but are never proven true 

 Popper claims that this is not induction – it is different 

Science Without Induction 
 Popper rejects the argument that scientists use inductivist reasoning in order to develop 

hypotheses to test 

 Instead, he argues that what scientists actually do is look at the data and make conjectures 

or ‘educated guesses’ 

 Another rebuttal to Popper is that his method if Falsificationism is really induction 

 Namely, the fact that past tests of the validity of a scientific theory are used to judge future 

validity of that theory presupposes induction 



 Alan Musgrave has responded to this be arguing that all this amounts to is a belief that we 

should adjust our beliefs about the world in proportion to the evidence – this is a very weak 

and limited form induction, if indeed it is validly referred to as such at all 

Popper’s Outline of Scientific Method 
 Science begins with some kind of problem or question that we have 

 It does not begin with observation, as it is impossible to make observations without some 

prior organising or motivating theory or hypothesis 

 These hypotheses or conjectures, in turn, can be derived in a wide variety of ways, often 

involving serendipity or creativity, and not necessarily following any rational basis 

 Once we have a theory, we derive specific testable hypotheses from that theory, which we 

then subject to potential falsification 

 If the theory survives falsification, Popper argues that it is not supported or confirmed, but 

merely has been corroborated 

 Popper differentiates this from the verification of induction in that corroboration does not 

tell us anything about future performance or the ‘reliability’ of the theory – it just shows us 

that it has withstood empirical tests 

Lecture 6: The Demarcation Problem 

Why the Problem Matters 
 Science uses a particular method that is thought to have special epistemological value, 

hence we want to safeguard this 

 There is also a practical issue, as when something is called ‘science’ it holds greater 

credibility and prestige 

Potential Controversial Cases 
 The Flat Earth Society: An organization that seeks to further the belief that the Earth is flat, 

contrary to scientifically proven fact. The modern organization was founded by Englishman 

Samuel Shenton in 1956. The formal society was inactive after Johnson’s death in 2001, but 

was recently resurrected by its new president Daniel Shenton. 

 Worlds in Collision: A book written by Immanuel Velikovsky and first published in 1950. The 

book proposed that around the 15th century BC, Venus was ejected from Jupiter as a comet, 

and passed near Earth. The object changed Earth's orbit and axis, causing innumerable 

catastrophes which were mentioned in early mythologies and religions around the world. It 

was met with a very hostile reception by the scientific community at the time of publication. 

 The Origin of Consciousness in the Breakdown of the Bicameral Mind: A book by 

psychologist Julian Jaynes which argues that a bicameral mentality was the normal and 

ubiquitous state of the human mind as recently as 3000 years ago. The bicameral mentality 

is nonconscious in the sense of lacking the ability to explicitly reason and articulate about 

mental contents through conscious metareflection 

 A Natural History of Rape: A scientific history book published in 2000 by biologist Randy 

Thornhill and anthropologist Craig T. Palmer, which presents the controversial idea that rape 

evolved as a genetically advantageous behavioral adaptation 



Logical Positivism 
 Popper’s demarcation criterion emerged from his critique of logical positivism 

 This was a highly influential empiricist philosophical group that met in Vienna in the early 

20th century 

 The major concern with this group was to eliminate metaphysics, which they believed was a 

totally invalid endeavour 

 In order to do this, they would have to find a clear way to distinguish metaphysics from 

science and other such things 

 To do this, they argued that metaphysical claims were devoid of real meaning because they 

could not be verified 

 In their conception, a claim could be verified if there was some way to prove it true by 

observation 

 Indeed, they argued that without such a mechanism of verification, a claim had no meaning 

at all: the meaning of a proposition is precisely its method of verification 

Objections to Verificationism 
 Perhaps the most basic criticism of Verificationism is that it cannot be verified, and so it 

must be rejected as a meaningless statement on its own ground 

 Popper has argued that Verificationism also makes all the laws and theories of science 

meaningless, as they are not directly testable or verifiable 

 Popper also argues that the attempt to eliminate metaphysics is misguided, because 

metaphysical ideas may play a role in helping to generate questions, ideas and hypotheses 

for scientific inquiry (e.g. atomist ideas in ancient Greece 

Popper’s Falsifiability Criterion 
 Popper introduced the criterion of falsifiablity, the ability to be proven wrong, as the key 

distinguishing difference between science and non-science 

 This means that scientific claims must be stated in a particular way, such that they can 

clearly be tested and proven right or wrong 

 Very vague claims like ‘there exists a white raven’ do not meet this criterion 

 Popper also considered ‘ad hoc’ stratagems to protect theories from falsification by 

contradictory data – for example changing the meaning of words or just rejecting evidence 

Naive Falsificationism 
 Naive Falsificationism would hold that theories would be rejected as soon as they make a 

failed prediction 

 If this were taken seriously, it is clearly wrong, as scientists often modify apparently falsified 

theories 

 Kuhn argued that scientists never really give up a theory even when severe and prolonged 

anomalies are manifest 

 Rather, one theory (or paradigm) is only rejected with the adoption of a new one 



Phlogistic Chemistry 
 One historical example of this is the prediction of phlogistic chemistry that calx should weigh 

less than the metal from which it came, as it was supposed to have been produced by the 

loss of ‘phlogiston’ (which is contained in metals) 

 In fact this is not what was observed: calx is heavier than metal. This did not lead to the 

rejection of phlogistic chemistry, but was simply regarded as a research problem 

 Phlogistic chemistry was not actually rejected until the more successful oxygen theory of 

combustion was developed 

Lecture 7: Underdetermination 

Two Forms of Underdetermination 

 Empirical equivalence: there may be more than one scientific theories that are empirically 

equivalent – they both describe observable data 

 Quine-Duhem thesis: it is not possible to test a theoretical claim in isolation from other 

claims, hence evidence can’t ever conclusively refute a theory 

Empirical Equivalence 
 There may be mutually contradictory theories consistent with the same data or observations 

 This means that the theories agree completely on observable data, but disagree on 

unobservable details 

 In fact, for any theory, there is an infinitely large number of empirically equivalent theories 

consistent with the data 

 Thus, how do we decide which theory to accept? 

Positivist Take on Equivalence 
 The empirical equivalence argument is not a problem for all philosophical schools – for 

example logical positivism, which rejects all unobservable entities 

 According to Verificationism, empirically equivalent theories have the same meaning 

 There is no real difference between the two: just ‘notational variance’ 

Strong vs Weak Underdetermination 
 Weak: for some specific body of actual evidence available at a given time, there are a 

number of actually formulated theories that are all equally consistent with that body of 

evidence 

 This version of underdetermination can easily be eliminated by gathering further data and 

using it to exclude theories that are inconsistent with this additional evidence 

 Strong: for any given body of possible evidence, there is always an indefinite number of 

possible theories which are consistent with that body of evidence 

 This is ineradicable in principle, as no matter how much additional data we gather, the 

problem will still hold 

Potential Responses 
 The weak form of underdetermination can be responded to simply by saying that at this 

stage we have insufficient evidence to choose between the theories 



 Thus, we should withhold judgement until we can conduct crucial tests to distinguish 

between the theories 

 Strong underdetermination is much more difficult to respond to, as even with all data ever 

available, it would still say that we cannot tell which theory is right 

 One response is that we could introduce non-empirical factors that may exclude on grounds, 

such as lack of simplicity, inconsistency with other ideas, etc 

 Perhaps we can also reject other ideas as just being plain silly – e.g. god created the world 

and all our memories five seconds ago 

The Quine-Duhem Thesis 
 Kuhn has argued that scientists never reject a theory until a better one comes along 

 Interestingly, this fact is consistent with the Quine-Duhem’s idea that we can never reject 

theories all by themselves 

 Specifically, the idea is that observations cannot refute theories in isolation from background 

assumptions 

 A classic example of this is the discovery of the anomalous orbit of Uranus  

 This observation alone does not tell us whether Newton’s theory is wrong, or if our 

telescopes are wrong, or if there is another planet 

Lecture 8: Theory and Observation 

The Role of Observation 

 In science, theory always guides observation; you can’t just ‘observe’ 

 As a corollary to this, observations are always made with a purpose, to test some theoretical 

predictions 

 This fact that observations are theory-driven means that they may not be analysed properly 

for all the information that they contain 

 There is also the possibility to overlook or fail to search for relevant counter evidence, as 

one is focused on one’s theory 

Instrumentation 
 Empiricists rely on sensory perception in the gathering of scientific evidence 

 However, modern science relies very heavily on instrumentation, which acts as an 

intermediary between the world and our senses 

 Indeed, often data is collected automatically and only observed by humans long after the 

event occurred – this seems a bit odd from an empiricist’s point of view 

 This suggests the need to make a distinction between observation and data collection 

 Observation requires human perception, but data collection need not 

 A large amount of theoretical knowledge goes into the design, construction and use of the 

instrumentation, not to mention actual interpretation of the data 

 Thus, the acquisition of new data or observations is heavily dependent upon prior theory 

Theory and Perception 
 The basic attraction with relying on perception is that it is supposed to be common amongst 

all observers – no bias or theory involved 



 It is questionable, however, to the extent to which this is actually true 

 In particular, perceptions are not very objective, but must be interpreted based on 

somewhat subjective factors 

 For example, people with different training and experiences will interpret things differently 

 A person who can read a language ‘sees’ the meaning of the words – one who cannot read 

the language just sees scribble 

 The arch-empiricist tries to rebut this by drawing a clear distinction between the brute 

experience itself and one’s interpretation of that experience 

 However this begs the question – can we really distinguish between the ‘given’ and 

interpretations of that 

 The visual experience itself already includes interpretation of that data that is actually 

collected; just look at visual illusions 

Language and Theory 
 Perhaps even if we can’t agree on private experience, we can agree on the words we use to 

describe them; after all language is public in a way that perception is not 

 This led to the development of an idea of a ‘theory neutral language’, which has meaning 

independent of any theoretical baggage 

 The observations of these experiments can then be made in the neutral language 

 One problem with this is that scientists use much technical vocabulary in reporting 

observations, and indeed it may not be possible to report such things in ordinary language 

 Even a theory-neutral vocabulary expresses concepts that inevitably classify objects, and this 

in turn could turn out to be a mistaken classification (fish and whales) 

Objectivity and Theory-Dependence 
 Even with all these problems, one need not conclude that science is subjective 

 Rather, it is simply fallible, because our observations and/or theories may be wrong 

 Also, objectivity does not necessarily require the absence of theory 

 Rather, if we have standardised procedures and methods to make the observations, then it 

is not necessary to rely on the subjective states of others 

Lecture 9: Kuhn on Normal Science 

From Method to History 
 Kuhn and others began to see empiricist models of science as weakened by problems like 

underdeterminism and theory-dependence 

 Instead, Kuhn presented a model of science as a human activity dependent upon social, 

cultural and historical contexts 

 In relation to this, he rejected the simplistic notion of scientific methods as described in 

science textbooks is more proscriptive than descriptive, and needs to take more account of 

history 

 Instead, Kuhn sees science as an evolving, historical process where traditions of research 

and scientific theories are constantly changing 



 More specifically, Kuhn thought that periods of stable, unified research in particular areas 

are punctuated by intervals of revolutionary upheavals and profound changes 

Scientific Paradigms 
 A paradigm is something like a theory, but broader than that, more of a broad theoretical 

perspective, worldview, or tradition of research 

 Examples include Newtonian physics, evolutionary biology, behaviourism, etc 

 Paradigms are more than just laws; also include methods and techniques 

 However, the concept of a ‘paradigm’ was sufficiently vague that he was frequently called 

upon to provide more detail; hence the concepts of exemplars and the disciplinary matrix 

Exemplars 
 Exemplars are particularly significant scientific achievements (theories, solutions, 

experiments, observations, etc) that provide the bases for future research 

 One requirement of an exemplar is that it is open-ended and sufficiently generalizable such 

that they form the basis of future research, and inspire new researches to follow that 

research tradition 

 Kuhn argued that exemplars are particularly important in science education, as they formed 

the basis of lecture examples, textbook questions, experimental setups, etc 

Disciplinary Matrix 
 According to Kuhn, the disciplinary matrix consists of the following elements: 

 Symbolic generalizations of empirical laws or other ideas 

 Ontological models of how the world is, what it is made up of 

 Values of how research such be conducted, what counts as a good explanation, like accuracy 

simplicity, etc 

Normal Science 
 In essence, normal science is simply the type of work that most scientists inevitably spent 

most of their time doing 

 Normal science is a mature science, and widespread acceptance of the same paradigm 

account for the high degree of consensus in that field 

 Scientists tend to do their work within the paradigm, rather than continuously trying to 

disprove it as in Popper’s conception 

 Before a paradigm becomes widely accepted, the field is characterised by disagreement and 

diverse methods, and is called pre-paradigm science 

Puzzle-Solving 
 According to Kuhn the main work of normal science is solving specific puzzles 

 Puzzles are problems that arise within the paradigm, but do not threaten the paradigm as a 

hole – ‘filling in the details’ 

 This includes a lot of specific measurements, improving the fit of theory and data, 

articulating the theory by extending it and applying it to logical new extensions 

 Kuhn uses the word ‘puzzle’ very deliberately, as using puzzle rather than problem implies 

that there definitely is a solution, and there are accepted techniques for arriving at it 



 He used the analogy of a jigsaw puzzle, which has a definite ‘right’ solution which must 

conform to that on the box, and must be done within the rules (e.g. can’t cut the pieces) 

 Even more importantly, a jigsaw is a test of skill, not a test of the puzzle – this again 

contradicts the falsificationist ideas of Popper 

 The rules by which good science are conducted under a paradigm are often not formally 

stated, but are implicit, passed on through socialization, experience and observation 

 Rules are particularly commonly learned from exemplars, and may differ from one paradigm 

to another 

 Kuhn thought that normal science was highly cumulative and productive because of the 

significant degree of puzzle-solving 

What if Puzzles Resist Solution 
 Usually when this happens, scientists just put the puzzle aside for awhile, confident enough 

in the paradigm to wait for someone else to solve 

 However, if these unsolved puzzles resist solution too long, proliferate throughout the 

discipline, or are particularly vital to the paradigm, there are problems with the paradigm 

 Kuhn describes this as a crisis, generated by the presence of anomalies within the paradigm 

 When this occurs, scientists begin attacking the paradigm, proposing new ones, and 

fundamentally debating the status of their discipline 

Lecture 10: Kuhn on Scientific Revolutions 

Paradigm Failiure 
 When an old paradigm begins to come under question, there is a crisis, or paradigm debate 

 Alternative candidate(s) for a new paradigm emerge, leading to a debate between defenders 

of the old view and proponents of the new ideas 

 Kuhn argues that there is some degree of communication failure between rival paradigms; 

‘talking passed each other’, paradigms are ‘incommensurable’ 

 Because of this, the debate is not determined in the end by rational argument 

What is Incommensurability 
 Incommensurability means incapable of being judged, measured or considered 

comparatively 

 Obviously it is not the case that paradigms are completely incomparable, but just that there 

are important limits as to how far we can go in this 

 Kuhn puts forward a number of reasons as to why he thinks this is the case: 

 Standards: there is disagreement as to exactly what problems the paradigms must resolve, 

what counts as good evidence, etc 

 Conceptual differences: in new paradigms, ideas and concepts from old paradigms are 

adopted but altered, changed around, and used differently. This can lead to 

misunderstandings of meaning 

 Such conceptual differences can also make it very difficult to directly compare two ideas in 

different paradigms, thus making critical tests difficult to devise 



 Perceptual differences: proponents of different paradigms actually observe the world 

differently because of their differing theoretical/paradigm presumptions 

 These arguments seem to reject the ideas of an invariant scientific method, theory- or value-

free empirical observation 

Idealism? 

 Kuhn never really explained his ideas about final argument about perceptual differences 

 Taking it one way, one could interpret that to mean that he is arguing in favour of idealism, 

that the world literally depends upon our ideas/perspective 

 Another way of reading Kuhn is to think that he was just using an analogy to how perception 

can be subjective and influenced by prior-beliefs (think optical illusions) 

How to Interpret Kuhn 
 If we truly think that there is no common language, no shared beliefs, no objective standards, 

and not even any objective paradigm-independent evidence, then there is no rational way to 

choose between paradigms – the choice must be irrational 

 This is a rather extreme way of interpreting Kuhn 

 Another way of interpreting Kuhn is to say that reason can be used to distinguish between 

paradigms, but such evidence/reason will be non-conclusive 

Scientific Revolutions 
 After paradigm debate has concluded, a new paradigm is adopted by a majority of the 

scientific community, and a return to normal science under this paradigm 

 This might lead to changes in experimental techniques or other changes of method, in 

addition to the simple cognitive fact of scientists changing their mind 

 Kuhn likened this to a religious conversion 

 Old holdouts will eventually die, retire, or just become marginalised; thus the new paradigm 

becomes supreme 

 Note that although Kuhn’s model seems forever cyclical, but he does not rule out the 

possibility that one revolution could be the final one in a field 

Non-Cumulative Change 
 Puzzle-solving in normal science is highly cumulative according to Kuhn 

 In contrast, scientific revolutions need not be cumulative, just changing perceptions 

 Indeed, there are generally ‘Kuhnian losses’ of explanatory power in any revolution 

Is Science ever Normal? 
 According to Kuhn, every field of science at any particular time should be governed by a 

single dominant paradigm which goes largely unchallenged 

 However, in the case of early 20th century Earth Science (before tectonic theory was adopted 

in the 1960s), there were at least two competing paradigms: the shrinking earth hypothesis 

and permenantism, along with the lesser-known growing earth hypothesis 

 We could saw that throughout this entire period geology was pre-paradigm, but this seems 

to go a bit far for a fairly established science 

 We could also saw that it was engaged in a prolonged revolution; this might be a bit of a 

stretch – perhaps Kuhn is just wrong 



Is Kuhn’s View Normative? 
 It is difficult to know for sure if Kuhn’s model is supposed to be normative, or merely 

descriptive 

 Kuhn himself has said that he was being both descriptive and proscriptive 

 Is this a form of naturalism? 

Is there Progress through Revolutions? 
 Kuhn argues that there is progress within paradigms, but not across revolutions 

 He gives the example of the completely different perceptions of reality in Platonian, 

Newtonian and Einsteinian physics 

 Kuhn argues that paradigms become more developed, and less ‘primitive’ over time, but do 

not necessarily converge on any ultimate ‘truth’ 

Is Kuhn a Relativist? 
 According to Kuhn’s theory, scientists are justified within the assumptions of their particular 

paradigm 

 However, there are no higher objective standards that one can use to choose between 

paradigms 

 This seems to be a strong leaning in the direction of relativism 

Lecture 11: Varieties of Relativism 

Responses to Kuhn 
 Popper accepted the idea of ‘normal science’, but he did not like Kuhn’s idea about scientists 

adopting ‘values’ that they apply to research, but cannot themselves be justified 

 This seemed to be moving too much in the direction of relativism for Popper’s liking 

 Lakatos too has argued that Kuhn’s perception of science is that one paradigm replaces 

another, bringing its own set of values and assumptions that are adopted for little rational 

reason 

 Scheller: ‘logic and methodology give way to psychology and even politics and religion in 

recent accounts of science…there is no scientific advance, only the rival of theoretical 

viewpoints and the replacement of some by others’ 

 These writers are clearly reading Kuhn in a very relativistic way, perhaps far beyond what 

Kuhn actually intended 

 The basic idea in this interpretation is that science is rational and methodical within a 

paradigm, but paradigms cannot be justified on any objective basis, and no one from 

different paradigms should be expected to agree 

Rationality Relativism 
 This is the traditional empiricist view that there is a single scientific method that provides us 

an objective method of knowing 

 The historical view on the philosophy of science rejects a fixed method, as historical analysis 

seems to change over time, and depend upon the paradigm one is in 

 If this is true, then perhaps this leads to relativism? 



 However, this is a mixing of two claims here; just because the methods used by scientists 

have changed over time does not mean that beliefs based on these methods (or the 

methods themselves) were always justified 

 Perhaps the methods used in the past were faulty or unjustified 

Truth Relativism 

 This is a different matter to rationality relativism, as just because we are/aren’t justified in 

believing something doesn’t mean that it is/isn’t true 

 Relativism about truth claims that the truth of a given belief or proposition depends upon 

the context in which it is uttered/used 

 This seems a bit odd: how can P and not P both be true at the same time? 

 The claim could also be self-defeating: is relativism asserted as an absolute claim or as a 

relative one? Either way it seems problematic 

Incommensurability 
 One potential way to rescue the idea of truth relativism is to propose that there is no 

overlap of propositions across paradigms at all 

 That is, there are no claims that are made in both paradigms, so they can never directly 

contradict each other 

Epistemological Relativism 
 This is a combination of truth and rationality relativism 

 This is based upon the justified true belief conception of knowledge 

 Thus, if both rationality (justification) and truth are relative, then so is knowledge 

 Nothing is really added to the discussion by this conception of relativism, it just combines 

what was already said 

Ontological Relativism 
 This is the most extreme form of relativism 

 It states that the world itself ‘changes’ with different paradigms 

 Another way of putting this is that there is no such thing as an objective external reality that 

exists apart from thought – this is idealism 

 A slightly less radical form assets that there is a real world ‘out there’ somewhere, but it is 

obscured forever by our subjective experience 

 Everything that we actually deal with is a constructed reality that depends upon individual 

interpretations 

Conceptual Relativism 
 This form of relativism holds that there is no single correct way of classifying or 

conceptualising the world 

 Alternative conceptual schemes may provide equally adequate descriptions of reality 

 Indeed, as reality is only accessible via some kind of conceptual scheme, everything in some 

sense is relative to one’s perspective 

 This would permit a form of truth relativism, as the truth of proposition depends upon one’s 

conceptual scheme 



 One very strong argument in favour of conceptual relativism is that it is never possible to do 

evaluate anything ‘outside of’ our heads, or our own conceptual scheme 

Lecture 12: Paul Feyeraband 

The Proliferation of Criticism 

 As an extension of Popper’s ideas about attempting to rigorously falsify existing theories, 

Feyeraband wanted to maximise the application of this by coming up with many additional 

theories and making special effort to falsify them 

 This includes new theories even in fields that already have well-accepted theories 

 Comparing one theory with another is thought to be a much better test of the theory than 

merely comparing the theory with the ‘facts’ 

Why Many Theories 
 Feyeraband argued that the proliferation of theories was a good thing because observation 

is guided by theory 

 Thus, the only way to get new observational and empirical evidence is if we get new theories, 

which then make new and different predictions 

 This competition between theories is thought to guide and accelerate the accumulation of 

evidence, and hence aid the advance of science 

 This is clearly in contradiction to Kuhn’s idea of single paradigms dominating a field for a 

period of time 

From Proliferation to Anarchism 
 Feyeraband went on to argue that the rules of method put forward to explain scientific 

progress/revolutions are far too simplistic to explain the real history of science 

 ‘There is not a single rule, however well grounded in epistemology, that is not violated at 

some time or other in the history of science’ 

 This is not merely a descriptive point – Feyerband thought that this violation of epistemic 

rules was actually a good thing 

 Feyerband was very clear about his purpose here: ‘my intention is not to replace one set of 

general rules by another such set…my intention is rather to convince the reader that all 

methodologies, even the most obvious ones, have their limits’ 

Example: The Rule of Empiricism 
 This rule was constructed explicitly in order to be very basic and something held by all 

accounts of scientific method 

 The rule essentially states that experience, facts or experimental results are the basis against 

which we should measure theories 

 Feyeraband then introduced a juxtaposing counter-rule, which states that one should 

introduce and elaborate hypotheses which are known to be inconsistent with well-

established factors and theories 

 Feyeraband argues that the latter rule in fact should be followed in some circumstances, in 

part in order to satisfy the rule of proliferation, and partly in order to see if any of our new 



theories can lead to new interpretations of existing observations (as observation is theory-

laden) 

What Feyeraband Meant 
 His basic point with this example was that one can come up with valid reasons to violate any 

rule of method; thus ‘anything goes’ 

 However, by ‘anything goes’ Feyeraband was not advocating strong relativism 

 Rather, what he meant was that ‘anything goes’ is about the only universal rule of scientific 

method that one could come up with that fits with all historical evidence 

 By saying this, he does not mean to imply that literally anything one did was consistent with 

scientific rigor 

A Rationality Crisis? 
 Kuhn and Feyeraband are perhaps best conceptualised not as attacking the validity of 

science, but rather as attacking a long prevalent philosophy of how science does/should 

work 

 Specifically, this target of their criticism is the ‘algorithmic’ approach to the scientific method, 

which holds that there is a single algorithm or set of rules that works in all circumstances 

 ‘There is no neutral algorithm for theory-choice, no systematic decision procedure which, 

properly applied, must lead each individual in the group to the same direction’ 

 This is why rational, honest scientists can disagree – they weight up evidence differently, and 

have different criteria for theory-choice 

Lecture 13: Imre Lakatos and Theory Change 

Lakatos’ Project of Synthesis 
 His aim was to synthesis the ideas of Kuhn and Popper, and also to put together the 

historical and more traditional methodological approaches to science 

Lakatos and Popper 
 Lakatos introduced a ‘sophisticated’ description of Falsificationism which actually does not 

involve any falsification at all, but simple requires that one theory be replaced by a better 

theory 

 He also believes that verifying a theory by providing examples of true predictions of the 

theory actually is important, contra Popper 

 Lakatos is also more prepared to allow ad hoc hypotheses to be introduced to protect 

certain theories, especially new theories which may need time to develop 

 Finally, Lakatos rejected Popper’s neglect of the actual discovery/creative process of science, 

arguing that it was in fact an important thing to study 

Lakatos and Kuhn 
 Lakatos basically agreed with Kuhn’s idea of a paradigm, including that most scientific work 

consisted of solving well-defined problems within an accepted theoretical framework 

 Also, like Kuhn Lakatos claims that theories are never rejected outright, only replaced with 

another theory 



 However unlike Kuhn, Lakatos does not agree with the idea of ‘gestalt switches’ or ‘religious 

conversions’ – he wished to explain paradigm change as a rational process 

Research Programmes 
 These are very similar to Kuhn’s concept of a paradigm, except that Lakatos didn’t think 

there had to be a single research program at any given time 

 A research programme consists of a series of theories that are all based upon the same 

fundamental set of laws or principles 

 This ‘hard core’ or fundamental principles of the research paradigm is immune to 

falsification; it is ‘irrefutable’ 

 The ‘hard core’ is surrounded by a ‘protective belt’ of initial conditions, auxiliary hypotheses, 

etc, which may be altered 

 Examples of ‘hard cores’ include Newton’s laws of motion and Darwin’s idea of natural 

selection 

The Duhem-Quine Thesis 
 This is the claim that theoretical claims cannot be tested in isolation, but only in combination 

with some other assumptions 

 Lakatos incorporates this idea by arguing that the ‘hard core’ of a research programme is 

never subjected to review, but elements in the protective belt are always adjusted in order 

to make it consistent with the evidence 

 The process of working within a research paradigm and modifying elements in the protective 

belt in order to make them more consistent with the evidence is fairly similar to Kuhn’s idea 

of ‘normal science’ 

Heuristics and Discovery 
 Lakatos disagreed with Popper that there was no way to study the actual process of 

scientific discovery, and as such he came up with the idea of heuristics 

 Heuristics are guidelines for how to develop the protective belt of a research programme 

 Negative heuristics say what scientists cannot change about the hard core 

 Positive heuristics lays down a series of problems to solve to develop the protective belt 

Lecture 14: Imre Lakatos’ Scientific Method 

The Role of Progress 
 For classical scientific method, progress was a natural side-product following the correct 

method (e.g. Falsificationism) 

 For Lakatos, progress is an important basis for judging the validity of a particular paradigm in 

its own right 

 This concept of progress includes both theoretical and empirical progress 

Anomalies in Theories 
 Lakatos has argued that all theories and research programs face problems, ‘all theories born 

refuted and die refuted’ 



 Progressive research programmes have strong positive heuristics, and so are able to make 

many useful, novel predictions in spite of the anomalies 

 This anomalies may be ignored in the context of an overall positive and progressive program 

 Non-progressive research programmes, however, are stagnant, unable to make successful 

predictions 

 When this occurs, scientists begin to focus much more on the anomalies, rather than mostly 

ignoring them as in progressive sciences 

 The degenerative research paradigms are the result of weak positive heuristics, which 

provide no clear research agenda 

 Indeed, generally there will be related progressive disciplines alongside the degenerative 

paradigms, making new successful predictions that the degenerate paradigm must explain 

 As the degenerative science gets further and further behind the game, they end up 

‘drowning in anomalies’ 

Rational Revolutions 
 Lakatos disliked Kuhn’s idea of irrational adoption of new paradigms following revolutions 

 Rather, he proposes that scientists naturally tend to adopt progressive over degenerative 

research programs, thus over time leading to a ‘paradigm shift 

 This choice is not arbitrary, but is based on the track record of each research paradigm 

 However, Lakatos is careful to deny that he is giving any ‘advice’ to scientists about which 

research programme they should adopt 

 One reason for this is that it is not always very easy to tell which program is progressing and 

which is degenerating 

 Another reason is that research programs might only be going through a rough patch – 

perhaps it needs more of a chance, or will stage a comeback later 

Novel Facts 
 Lakatos’ theory requires predictions of novel facts for theories to have empirical evidence 

 However, what actually counts as a ‘novel fact’? 

 Is it just something that was not known before, or does it also include things that were 

known but not understood, or just anything that wasn’t included when originally 

constructing the theory 

Hard Core 
 It is not always easy to identify what a ‘hard core’ actually is 

 Different scientists might disagree about what this is 

 Other philosophers have suggested that ‘hard cores’ could evolve over time 

Incommensurability 
 The idea of incommensurability would seem to contradict the idea of rational selection 

amongst research programs based on the history of progress in that field, as if two programs 

cannot be compared, then how can one do this? 

 One possibility is that no effort is made to directly compare the content of the rival theories, 

but merely to compare the historical number and impressiveness of the predictions 



Lecture 15: Scientific Progress 

Kuhn’s Theory of Progress 
 For Kuhn, there are two types of scientific progress: that in normal science, and that in 

revolutions 

 Progress in normal science is iterative, cumulative, and the result of consistent puzzle-

solving 

 Improving the fit between theory and fact 

 Progress in scientific revolutions, however, can come at the expense of ‘Kuhnian loss’ 

 Also, Kuhn did not think science progressed towards truth – he just thought that it moved 

away from primitive ‘misconceptions’ 

 In particular, he totally rejected the idea that scientific theories came to a better and better 

knowledge/better approximation to the real theoretical entities in nature 

Lakatos on Progress 
 Lakatos thought that there was a difference between progress within a research program 

and progress between programs 

 Within a research program, a later version of the program grows out of an earlier version 

 Later versions will contain the unfalsified claims of earlier versions, plus additional successful 

novel predictions 

 This requirement of building upon the unfalsified content of previous programs does not 

apply to progress between programs, as they are incommensurate 

 However, later research programs must be able to subsume all previous correct predictions 

of prior programs, plus be able to make some new predictions 

Laudan’s Taxonomy of Problems 
 Laudan was a recent philosopher who argued that the purpose of science was to explain 

empirical facts or observations 

 Problems become solved if at least one research tradition has provided a good explanation 

for it 

 A problem becomes anomalous for a given tradition if that research tradition cannot explain 

said problem, while a rival can 

  Conceptual problems can be internal (e.g. imprecise formulation of concepts), or external 

(e.g. conflicting with well-established theories or methodologies in science) 

 Laudan thought that the progress of a tradition was measured by the extent to which it was 

able to solve problems whilst creating minimal new problems 

Progress and Cumulativity 
 Is scientific enquiry cumulative, in terms of building up a body of coherent knowledge? 

 Some think that it is, whilst others (e.g. Kuhn and Laudan) merely argue that science is 

progressive because it becomes better at solving problems, not because it is cumulative 

 One argument is that unless later theories incorporate all content of earlier theories (plus 

more), there would be no objective way to ‘weight up’ the total usefulness of old versus new 

theories, and hence how do you know progress has been made? 



Realist View of Progress 
 The realist view of progress thinks that the above accounts about theoretical adequacy, 

novel predictions, and problem-solving ability is not sufficient 

 Rather, the realist theories think that theories succeed when they discover and then refer to 

real theoretical entities, like atoms, electrons, genes 

 Later theories refer to the same theoretical entities as earlier ones, though in more detail 

 This analysis begs the question – is realism valid? 

Lecture 16: Scientific Realism 

Five Principles of Realism 
 Aim realism: the aim of science is to discover truth about the world 

 Theoretical entity realism: unobservable entities described by scientific theories are real 

 Metaphysical realism: the world investigated by science is objective and mind-independent 

 Objectivity of truth: the truth of an empirical claim depends upon only the way the world is 

 Correspondence theory of truth: truth is a correspondence between statements and reality 

Aim Realism 
 The deepest and most fundamental aim of science is to discover truth about the world 

 These truths include both universal and particular truths about different things 

 Some realists will say that explanation is the aim of science, not just to describe it 

 Of course, a ‘true explanation’ is not really any different from seeking the truth 

Theoretical Entity Realism 
 Scientist’s discussion of theoretical/abstract entities should be taken at face value and 

interpreted literally – these things really exist 

 This compares with instrumentalism, which posits that these entities are useful constructs, 

but not don't necessarily exist; ‘convenient fiction’ 

Metaphysical Realism 
 There is a world that is ‘real’, existing independently of our thoughts 

 The things that exist in reality are the way they are regardless of what humans think or say 

about them 

Objectivity of Truth 
 Truth is objective – nothing we think or do makes theories true or false 

 The only thing that determines the veracity of a statement is the way the world actually is 

 Reference to the actual state of affairs of the world is what makes statements true 

 Truth is a property which statements have when the terms of which they are composed 

enter into a relation of a certain kind with extra-linguistic reality 

 This is a non-epistemic theory of truth; truth does not depend on our knowledge 

 Examples of epistemic theories of truth are the coherence theory, pragmatism and 

consensus theory 



Realism and Scientific Progress 
 The realist takes progress towards truth to include progressive movement towards true 

understanding of the world at the level of unobservable entities 

 Thus, progress in theories must occur at more than merely the observational level 

Arguments for Realism 
 Against instrumentalism: no sharp divide between observation and theory 

 Against empiricism: no sharp divide between observation and theoretical languages 

 The miracle argument: realism is the only explanation that does not make the success of 

science a miracle; the theoretical entities simply must refer 

 This argument is an IBE: inference to best explanation 

Pessimistic Meta-Induction 
 The majority of past scientific theories have turned out to be false, rejected in the end and 

replaced by better theories 

 Thus, why should we be so confident that current theories are really any better 

 One possible reply would be to reject induction, though this seems a bit odd 

 The most popular reply, however, is that past theories that have been rejected were not 

actually shown to be false – only parts of them were false, parts were also true 

 Of course, this rebuttal doesn’t really work if there is dramatic discontinuity of theories, as 

Kuhn argues 

 Also, what does it mean for science to get ‘closer’ to the truth or be ‘approximately true’. 

Does this even mean anything?  How can one compare this? 

 Popper considered this, and put forward the concept of ‘verisimilitude’, which involved a 

weighing up of truth and falsity content of scientific claims 

 Logicians have criticised this as being logically incorrect/impossible 

Lecture 17: Constructive Empiricism I 

Empirical Adequacy of Science 

 According to van Frassen, the scientific realists claim that: ‘science aims to give us, in its 

theories, a literally true story of what the world is like; the acceptance of a scientific theory 

involves the belief that it is ture’ 

 In contrast, van Frassen argues in his theory of constructive empiricism that: ‘science aims to 

give us theories that are empirically adequate; and acceptance of a theory involves as belief 

only that it is empirically adequate’ 

 An empirically adequate theory is one which makes true claims about all relevant observable 

phenomena 

 A true theory also makes true claims about unobservable phenomena, although of course 

this fact cannot be known or observed directly 

 A theory that is true will also be empirically adequate, but not necessarily the reverse 

 Thus, at the observable level, empirical adequacy and truth are equivalent 

 Of course, empirically adequate theories could be true, but we do not have direct evidence 

of this, and so van Fraasen argues that we should suspend judgment 



Distinction between Observable and Unobservable 
 Grover Maxwell has argued that there is no sharp distinction between observable and 

unobservable entities, and indeed that the boundary shifts with moving technology 

 Any place you draw the line is arbitrary and hence can be disputed 

 As such, it seems that this concept of ‘unobservable entities’ is not strong enough to play the 

kind of role van Frassen wants 

 For his part, van Frassen argues that just because the distinction is fuzzy does not mean it 

isn’t real or useful  - consider the concepts of tall and bald 

Theory and Observation 
 All language is thoroughly infected with theoretical baggage or concepts 

 As such, can we really make a meaningful distinction between observations and the 

theoretical inferences we take from them 

 Van Frassen accepts the theoretical infusion of language, but does not think that this makes 

any fundamental epistemic changes 

 Rather, the language we use is merely a convention, a way of describing things – we can talk 

about electrons without necessarily having to believe they exist 

 Furthermore, van Frassen does not see any problem in defining his theory as relative to the 

sensory limits of human beings, as we are human beings and we are the ones wanting to do 

the observing or the knowing 

On Scientific Explanation 
 There is often a desire for some kind of scientific explanation for phenomena that goes 

beyond the observed phenomena and explains them on the basis of unobserved entities 

 Van Frassen argues that this is only one metaphysical interpretation of science, and indeed is 

a mistaken one 

Lecture 18: Constructive Empiricism II 

Underdetermination and Pragmatic Virtues 
 In the case of empirically equivalent theories, we must appeal to non-empirical criteria in 

order to decide which to believe (e.g. simplicity, utility, mathematical beauty, etc) 

 However, van frassen argues that these are not necessarily indicative of truth, and therefore 

provide no basis from a realist perspective 

 This is an issue for the realist because they must choose between theories that disagree as 

to non-observable entities 

 It is not an issue for the non-realist, because they suspend judgement concerning the 

nonobservable, and so two empirically equivalent theories for them are the same – they can 

both be true 

The Success Argument 
 Van Frassen permits the inference to the existence of unobserved phenomenon that can 

actually be observed – this he calls a ‘horizontal inference’ 

 He contrasts this to the ‘vertical inference’ used by scientific realism in inferring the 

existence of unobservable entities from observable evidence – this he says is invalid 



 Van frassen offers his own alternative explanation of the success of science – namely that 

science is a sort of Darwinian evolutionary struggle, and only good, successful theories 

actually survive in science 

Alan Musgrave 
 He has argued against van frassen on the grounds that both realists and constructive 

empiricists take a risk an assenting to the fact that theories are true/empirically adequate 

 However, both actually take the same risk of being proven wrong by empirical evidence, as 

there could be no evidence that would prove a theory not true but still leave it empirically 

adequate 

 Thus, it seems that the realist takes just as much risk as the empiricist as being wrong, but 

does so with the greater potential benefit of actually adhering to more truths 

 He also criticises van Frassen’s version of the ‘success’ argument, as it does not 

fundamentally address the question of why some theories are successful 

Lecture 19: Laudan’s Confutation of Convergent Realism 

The Success Argument 
 If scientific theories are true, science will be successful. Science is successful, therefore 

scientific theories are true 

 This version of the success argument is clearly fallacious, as it is a clear example of affirming 

the consequent 

 As a defence, the realist might contend that this is not their argument; rather they are 

simply making an inference to the best explanation, or abduction 

 Peirce described abduction is working as follows: the surprising fact C is observed. If another 

fact A were true, then C would be a matter of course; therefore there is reason to believe A. 

Restatement as Deductive Argument 
 Musgrave has reformulated this as a deductive argument with an additional premise: 

 It is reasonable to believe the best explanation for some phenomenon 

 Science is successful 

 The best explanation for the success of science is that scientific theories are true 

 Therefore, scientific theories are true 

 This is a valid argument, but raises the question of how to identify the best explanation 

Naturalism and IBE 
 Naturalism is the view that philosophy is continuous with the natural sciences 

 Naturalists reject a priori methods and favour an empirical approach 

 There are important naturalistic elements in the success argument, as it is a naturalistic 

argument that relies on IBE methods similar to those used in science 

Laudan’s Challenge to Realism 
 Laudan argues that there are numerous cases from the history of science of unsuccessful 

theories that did refer to real entities (e.g. early atomic chemistry, continental drift, etc) 



 He thinks this is fairly commonsensical, as it is quite possible to say false things about 

entities that really exist 

 Thus, Laudan has shown that reference does not entail success 

 Laudan also argues that the converse is true: successful theories do not have to refer 

 He gives as examples phlogistic chemistry, aether theories, caloric theory of heat, crystalline 

sphere astronomy 

 Thus, he concludes that there is no necessary relationship between success and reference; 

thus the success argument is flawed 

Lecture 21: Incommensurability 

Meaning Variance 
 The first part of this sub-thesis is the rejection of any theory-independent observation 

language 

 The concept of a theory-independent observation language means that there is a way of 

describing observations that is purely descriptive; that can be shared between scientists and 

is not predicated upon any particular theoretical baggage 

 The basic idea is that there is no way to define observational terms in terms of observations 

alone – how can you know that when I point to something and say it is blue that I am 

referring to the colour, and not the texture, size, age, type of object, temperature, etc 

 Instead, we replace such an ideal objective language with observational and theoretical 

terms that depends upon the context in which they are used 

 This could either take the form of existing terms changing their meaning, or of the 

introduction of completely new terms 

 The key point here is that theories must be referring to the same phenomena, as otherwise 

of course it is not surprising at all that they do not use commensurable vocabulary 

Translation Failure 
 Meaning failure is only of relevance when it is difficult or impossible to translate between 

the two languages 

 For example, the concept of phlogiston simply does not make any sense within the realm of 

modern atomic chemistry – so how can we translate it? 

Consequences of Incommensurability 
 The big problem with meaning variance and translation failure is that it becomes impossible 

to compare the claims of the two theories 

 In particular, there are no crucial experiments that can distinguish between the theories, as 

neither makes any claim that the other denies 

 Indeed, if the translation failure was bad enough there would be no overlapping claims at all 

 If this is true, science does not make any progress, as later theories are not even talking 

about the same entities as earlier theories 

The Referential Response 
 Scheffler has argued in response to the incommensurability thesis that meaning variance 

does not entail reference variance 



 That is, terms with a different sense may still have the same reference 

 The simplest way of describing the distinction is that different phrases or words can be used 

to describe the same fundamental thing (e.g. morning star and evening star) 

 The reference (or referent) of a proper name is the object it denotes or indicates. The sense 

of a proper name is whatever meaning it has; reference is deeper than sense 

 Basically, as long as different theories have the same reference, even if they do not have the 

same sense, they can still be compared 

Reference and Scientific Theories 
 However, Kuhn and other have argued that scientific theories do change their reference, not 

just their sense 

 For example, Kuhn argues that Einsteinian and Newtonian physics do not actually refer to 

the same entities (mass, space, etc), so you can derive the latter from the former 

 Really, the whole debate comes down to how the reference of a term is determined 

 If, as do Kuhn and Feyerband, you think that reference is determined solely by description, 

then it seems clear that reference does change with new theories, and these theories have 

very different descriptions of reality, therefore reference is not preserved 

Lecture 22: The Causal Theory of Reference 

The Causal Theory Explained 
 Donnellan’s example of the happy champagne drinker shows that we can make correct 

statements about the world without actually having the correct reference 

 This indicates that it may be the case that the description, or sense, of words does not 

always have to determine their reference – some part or aspect of the environment can also 

do this, as did the fact of who is actually drinking champagne in the previous example 

 Consider also the example of twin-earth; it seems to indicate that even in the case of the 

description of water being exactly the same in both cases, reference is not the same 

 Thus, it is argued that reference is determine by the world or environment one is in, and not 

how one describes that environment 

Naming Things 
 When we name something, we have some particular object or collection of objects present 

that we can identify as clearly being the objects of reference for our new word 

 Other people not immediately present at this term introduction are able to refer to the 

same thing by some kind of chain of causality linking them to the original ceremony (e.g. I 

told him who told her, etc) 

 This analysis, however, does not really work when we are talking about entities that are not 

directly observable 

Causal Definition of Theoretical Entities 
 Using the causal theory of reference, we could say that theoretical entities can be defined by 

what causes them 



 For example, we can’t observe electricity, but we can observe electric shocks. Thus, if we 

observe an electric shock we can identity whatever caused that as being electricity – that is 

the reference of this new term 

 This could fix the incommensurability problem, as it doesn’t matter if sense or description 

change over the history of science 

 The point is that their reference was determined forever by causal theory when it was first 

introduced 

Problems with the Argument 
 Some philosophers of science have pointed out that contrary to the above analysis, there 

are a number of examples in the history of science of the reference of terms actually 

changing – for example, electron originally referred to the unit charge of an electron or 

proton, and not any particular particle 

 There is also the qua problem: you can’t just see a new object and point to it and provide it 

with a new word – there has to be at least some additional description in order to specify 

what exactly you are referring to (e.g. object, colour, texture, smell, etc) 

 Finally, it seems that the causal argument is too strong: for instance it would allow 

phlogiston to be a true or correct reference, as it was introduced to describe whatever it was 

that caused combustion (as we now call it, oxygen) 

 To fix this last problem, we might have to adjust our causal theory to require that the entity 

being referred to actually causes whatever it does in the particular way that it was supposed 

to. Phlogistion did not, therefore it does not actually refer 

Lecture 23: Entity Realism 

Realism and Experimental Practise 

 The argument here is that traditional philosophical arguments about realism have ignored 

the actual, physical, experimental practise of scientists 

 In particular, this so-called ‘spectator theory of knowledge’ holds that humans or scientists 

have theoretical knowledge in a sort of removed, abstract way 

 Rather, hacking argues that scientists actually do things, take actions, engage the world 

through practical activity 

 Hacking thinks that realism cannot ever take hold using this paradigm, as it will always get 

bogged down in metaphysical debates that can never be resolved 

Theory versus Entity Realism 
 Theory realism asserts the approximate truth of theories 

 Entity realism, by contrast, avoids talk of theory truth, and merely holds that theoretical 

entities exist, without committing to the truth of any particular theory about those entities 

 These can be considered to be two separate aspects of scientific realism 

 Hacking argues that this distinction is real and not merely semantic, because surely one can 

believe that a theoretical entity is real without believing any particular theory about it 

 Conversely, Hacking argues that you can be a theory realist without being an entity realist, 

as it is possible (as per Bertand Russell) that a theory about unobservable entities could be a 



true theory, but to not believe in the actual existence of those unobservable entities, 

because the behaviour of said entities could be re-construed as mere logical constructions 

 Note that although this permits one to call the theory true, this does not mean it is a literal 

construal of the theory, as this requires entity realis 

The Hobgoblin Objection 
 Is it really possible to believe ‘in’ an entity without believing anything ‘about’ that entity 

 Hacking responds that scientists can actually get a fairly good idea or description of the 

behaviour of an entity without actually having a theory about that entity 

 This might sound a lot like a theory, but could be considered to be a ‘low level’ practical 

theory, rather than a high-level ‘theoretical’ theory 

 This may be considered to be something akin to the causal theory of reference – an entity 

takes its reference from its position in a body of practical causation 

The Experimental Argument for Realism 
 This is a new argument put forward by Hacking to replace the success argument of science 

 As he famously said about theoretical entities ‘if you can spray them, then they are real’ 

 The basic idea is that if we can manipulate and ‘do things’ with theoretical entities (e.g. 

positrons and electrons) then they simply must be real 

 He distinguishes this from a success argument because we do not make the instruments and 

then use them to infer the reality of electrons; we need to have some idea of the existence 

of electrons in order to build the machines in the first place – this is thought of as a sort of 

‘direct proof’ 

 However, this could be considered to be a recast success argument: the best explanation of 

the success of experiments is that there really are electrons 

 Also, it is questionable as to what extent we should take seriously Hacking’s argument for 

‘direct evidence’ – this sounds a lot like the ‘this is a hand’ argument 

Lecture 24: 

Modernism and Postmodernism 

Aspects of Modernity 

 Secularization: decline of religion and separation of religion from much of society 

 Humanism: humans are the source of values, and the possessor of rights 

 Specialization: division of realms of knowledge and activity into distinct domains 

 Rationalization: formal procedures of calculation developed to measure almost everything 

 Technologization: Expansion of science and technology 

 Capitalism: the rise of markets and worldwide capitalism and trade 

 Westernization: spread of western/European culture, institutions and values around world 

Grand Narratives 
 Just like this ‘grand narrative’ of modernity, the philosophy of science also purports to offer 

a grand narrative about science and its role in society 

 It can be used to legitimate science and provide it with rationalisation for its large role 



 Also, because science has substantially contributed to the rise of western civilization, the 

justification of science also partly justifies westernization 

Postmodernism on Science 
 According to postmodernism, science and scientific methods do not have to be justified by 

philosophers of science 

 Rather, they are justified in and of themselves, but only in the particular realms and 

circumstances in which scientists practise 

 Thus, science is useful for some things, but cannot provide a ‘grand narrative’ or special 

explanation of reality 

 Postmodernism thus rejects justification of the scientific method, rejects questions about 

the truthfulness of theories or debates about whether or not science is ‘rational’ 

 Science is not conceived as a movement to achieve truth – it is simply the actions of groups 

of scientists using particular methods in particular places 

Science in a Free Society 
 Feyeraband thinks that science is just one among many ways of looking at the world 

 He also thinks that to have a truly free and democratic society, science should not be treated 

as so special as it is 

 He thinks that there should be a separation of science and state, just as there is a separation 

between church and state 


