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Part 4: Rationality and Science 
 

The concept of epistemic value was introduced as an attempt to capture the distinctive ideals of 

genuine scientific inquiry. In the simple context of deciding whether or not H, we saw that epistemic value 

is simply the value of true assertion, with more informative assertions being given a higher epistemic value. 

This section asks how much more needs to be added to create a comprehensive theory of epistemic value. 

Firstly I will define a concept of scientific rationality in the context of this system, and distinguish 

it from other types of rationality in a way that follows a familiar distinction from the literature on 

rationality. I will then consider the differences we should expect between epistemic motivation and value 

bias, and use this as an argument that science and pseudo-science should be demarcated at the level of 

values (rather than in terms of obeying particular methodological rules, for example). Lastly I will consider 

whether there are more epistemic utilities than those we have looked at so far: truth and informativeness. In 

particular, I will argue that picture of theory choice derived by assuming these basic goals is surprisingly 

rich, and that at least some of the other suggested epistemic values can be reduced to the value of 

informative true opinion. 

Concepts of Rationality 

If epistemic values can be given a secure definition, then they can in turn be used to define other 

concepts. The aim of this section is to apply the theory developed so far to the problem of the analysis of 

“rationality”. There are a family of concepts attached to rationality (“rational agent,” “rational decision,” 

“instrumental rationality” and so on), and there are a great many questions about their precise meaning and 

about the relations between them. Is the concept of a rational belief derivative of the concept of a rational 

person or vice versa? Is there a minimum amount of rationality that an agent must be ascribed? Is the 

criterion of rationality the same as the criterion that distinguishes science from pseudo-science? 

There are a wide variety of meanings that could be given to the word “rational.” “Rational” 

means, in some sense, “conforming to reason”, but “reason” can be understood in different ways, and a 

person does not conform to reason in the same way that an argument does. What I will do here is to 

stipulate some different concepts whose meanings can be cashed out very precisely using the framework 

developed so far. The purpose is not to capture the ordinary-language use of the word, or to capture 

everything that might be meant by it, but to create some consistent and usable concepts which mark out 

important differences. 

 

Basic Rationality 

The first level is that of basic rationality. Basic rationality is had by anything which is an 

intentional system. In other words, it must make sense to take Dennett’s intentional stance towards it. 
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Bricks lack basic rationality, because there is something wrong with saying that they stay still because they 

want to or because they believe they are in the best place. A squirrel has some degree of basic rationality, 

because it makes sense to say, for example, that it is climbing the tree because it wants to jump onto the 

bird feeder. 

Basic rationality admits a kind of degree, because different organisms represent different aspects 

of the world and so have different amounts of content of their belief and desire. In decision theory terms, 

the decision table for a complex organism has more columns (a greater variety of representations of the 

world) and more rows (more potential acts) than a simple organism. This decision table is of course a sort 

of grammatical fiction. We saw in the Introduction that decision theory does not seriously assert that 

people have grids of numbers written out in their heads, or that there are exact numbers corresponding to 

our degrees of belief or desire. 

 

Instrumental Rationality 

The second level is instrumental rationality. To assess this, we compare an entity’s behaviour 

with its goals. If the behaviour is the best available way to achieve those goals, the subject is rational. If the 

behaviour is not, the subject has some degree of irrationality.  

This obviously raises the question of what counts as a goal. If the subject is capable of linguistic 

acts, they can simply tell us their goals, by stating them or publishing them25. If a council includes cost 

efficiency among its most important published aims, and yet acquires a hugely expensive warehousing 

system when it could easily have arranged to buy items as they are needed, it is exhibiting instrumental 

irrationality.  

Alternatively, goals can be “interpreted on” to a subject. We might infer plausible goals for an 

agent from what we know about the kind of entity that they are. If I see someone handing over money in a 

city side-street to someone who is threatening them with a knife, I can safely infer that their goal is to 

escape the interaction without harm, while the mugger’s intention is to get money or valuables and get 

away without being caught. This inference does not require me to have had any prior interaction with either 

of the two people. 

Although animals do not have the linguistic capability to commit themselves to goals, we can 

apply the concept of instrumental rationality to them thanks to Darwinian biology. This allows us to ascribe 

an over-arching goal to the animal’s existence (to ensure the survival of their genes) and to derive various 

                                                           
25 The question of what counts as a sincere statement of a goal is not answered by the Bayesian 

framework itself, so it has to be answered by a separate philosophical theory. Whatever philosophical 

theory of language we use to provide these starting points for the Bayesian analysis, it will have to involve 

considerations of social context. For instance, when deciding whether a statement by a minister represents 

the government’s position on a particular issue, one has to know whether he was speaking in his capacity 

as a minister or just voicing a personal opinion. This satisfies one of the demands for a sensible concept of 

rationality: that whether an act counts as rational should depend to some extent on the social context. 
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sub-goals from this (to collect food, find a mate, avoid being eaten, to protect related creatures and so on). 

Thus we might say that the way a squirrel goes about finding nuts is instrumentally rational. 

 

Scientific Rationality 

The third concept of rationality is scientific rationality. As a starting point, here is a general 

definition of scientific rationality: 

An attitude is scientifically rational in so far as it is dominated by the appropriate 

epistemic utilities. 

Here “dominated by” means that the epistemic utilities have to be greater than the value biases. 

The definition includes an “in so far as” (rather than “if and only if”) to reflect the fact that is possible to be 

ideally scientifically rational (i.e. purely epistemically motivated), only just scientifically rational, or 

anywhere between. 

This general definition of scientific rationality will take differing specific forms depending on the 

logical character of the issue being considered. The focus of this thesis is on attitudes to non-vague binary 

propositions and we have precisely specified exactly what is meant by epistemic and non-epistemic utility 

in these contexts. A scientifically rational attitude in this case is just an epistemically motivated attitude 

(one in which c > |a| in the terms of the utility analysis). We saw that a single attitude might be influenced 

by both epistemic and non-epistemic values, but so long as the epistemic motivation is greater than the 

bias, the opinions still reflect the underlying belief in the appropriate way and hence the opinion still has 

some epistemic significance. Hence this definition of scientific rationality does not require total immunity 

from value bias. 

In Part 2 we also briefly considered estimates of continuous variables. Maher (1993) identified 

verisimilitude and informativeness as the two minimal epistemic utilities for that kind of inquiry, so our 

definition says that scientifically rational attitudes are those dominated by these or by similar utilities. 

When there is more than one epistemic utility, there is not necessarily a single ideally rational attitude. 

Scientific rationality and its converse, scientific irrationality, presume basic rationality: since these 

concepts are defined in terms of motivations, belief-desire explanation has to legitimately apply. To assess 

whether someone is being rational in the scientific sense, one has to examine their utilities and the way 

they conceptually divide up the world, and this is clearly impossible unless that agent is regarded as having 

concepts. It should also be clear that only a language user could have scientific rationality. When someone 

adopts the aim of having a true opinion about a particular issue, their attitude to that issue has scientific 

rationality if and only if it has instrumental rationality. 

The split between basic and scientific rationality answers a concern raised by Davidson (1985): 

“To explain irrationality we must find a way to keep what is essential to the character of 

the mental - which requires preserving a background of rationality - while allowing forms of 

causality that depart from the norms of rationality. What is needed to explain irrationality is a 

mental cause of an attitude, but where the cause is not a reason for the attitude it explains.” (p. 

347, my emphasis) 
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Value bias is the kind of cause that Davidson is looking for. It can underlie an individual’s 

assertion that the world is flat without being a reason (to anybody) why the world might be flat. 

Note that although some people would equate scientific rationality with the use of argument, logic 

or experiment, the present definition does not quite correspond with this. It says that scientifically rational 

agents find information useful in so far as it is genuinely reliable, so being scientifically rational requires 

the use of genuine tests of opinion, but it does not commit to any particular evidential or methodological 

norms. It also excludes the use of reasoning to defend an immovable dogma, as for example in Soviet 

biology in the Lysenkoist era (Gardner (1952)), or which can happen in any scientific or philosophical 

project when political or egotistical values come to dominate. 

If someone decides on a conclusion and then uses argument, or interpretations of experiments, 

purely to justify that conclusion, then they are not being rational in a scientific sense. Scientific inquiry 

requires that one use argument and experiment to determine whether something is the case, not to argue 

that it is the case. This is not to say that people are unscientific if they have strong convictions about how 

an experiment will turn out. That would be absurd, because in almost all scientific experiments, the 

scientist has a belief, based on judgement or theory, about what will happen. Likewise, a mathematician 

looking at a complex theorem may be quite confident that it is provable, without having gone through the 

details of trying to prove it. These are not violations of our definition of scientific rationality: one only 

becomes unscientific if those convictions are unshaken by an unfavourable outcome. 

Returning to the question of how we define other concepts of rationality such as rational person, 

we saw in Part 2 that once we have defined epistemic and non-epistemic values, we can derive a definition 

of a epistemically motivated attitude. From this we can obtain concepts of epistemically motivated person, 

utterance, situation and so on. Methods or principles of investigation can then be evaluated as rational or 

not in so far as they reliably attain the goals which are identified as epistemic. Hence scientific rationality 

is here defined fundamentally in terms of attitudes to an inquiry rather than in terms of particular social 

processes or in terms of methods. 

Earlier I asked whether the concept of a rational belief is derivative of the concept of a rational 

person or vice versa. It may seem obvious that the former is true. People are rational when they are willing 

to debate rationally, act in a reasonable way according to their stated goals, or because they offer reasoned 

justifications for their claims or their actions. Brown (1988) argues that this is the wrong way round; that 

the standards of reason are ultimately derivative of our identification of rational individuals. Contra 

traditional epistemology which tries to capturing rationality in a set of rules, he defines rational claims as 

those which pass examination by rational individuals, i.e. experts who by familiarity with the topic have a 

refined judgement. 

This is surely a very good extensional account of knowledge: it tells you a procedure that, for 

most human situations, is the best way to ascertain the truth about an issue, but it has problems as a 

conceptual theory of rationality. For instance, there appears to be a circularity involved when we try to 

decide who to accept as an authority. What kinds of experience must an individual have had in order to 



Value and Belief, by Martin Poulter, infobomb.org. Adapted from PhD thesis of 2003  

 

This work is licensed under a Creative Commons – Attribution – ShareAlike 3.0 Unported License. 

Author: Martin L. Poulter, infobomb@gmail.com  Page 101 

 

become an expert? Brown is prevented by his own project from answering this in terms of methods, 

principles or rules and he frustratingly leaves open for further research the crucial question of how we are 

to distinguish legitimate from illegitimate authorities. 

 

Evans (1993) makes a distinction between rationality-1 (rationality “of purpose”) and rationality-2 

(“rationality of process”). The former is the exhibition of “goal-seeking” and “adaptive behaviour” while 

the latter is the conformity to normative standards of deductive and inductive reasoning. This seems to map 

onto the present distinction between basic rationality and scientific rationality. Rationality-1 seems to mean 

goal-directedness in general, not directedness towards any specific, named goal, and this is why I interpret 

it as basic rationality rather than instrumental rationality. Evans argues, contra a stream in the 

psychological exploration of human irrationality, that rationality-2 is not necessary for rationality-1. In 

other words, a subject need not exhibit satisfactory logical reasoning in order to be thought of as rational in 

the sense of goal-directed (or, in the terminology of this thesis, intentional). The mistake Evans points out 

can be understood as a failure to distinguish opinions from beliefs, and a consequent inference that for 

rational (in the basic sense) belief/desire explanation to legitimately apply to someone, they must have 

opinions which are coherent. 

 

It may seem unfair to equate “having a value-biased attitude about H” with “scientifically 

irrational about H”, because there are conceivable situations in which one’s own attitude to a proposition 

might count as evidence. Using one’s own attitude as evidence for or against a proposition is what I would 

call reflexive reasoning. Reflexive reasoning does not have to involve decision theory: it could be based on 

introspected feelings of certainty or emotional attachment. Someone who says “I have a strong gut feeling 

that H is true, but on a lot of previous occasions when I have had similar feelings, the belief in question has 

turned out to be false, so I should moderate my claims about H,” is engaging in one kind of reflexive 

reasoning. Another example is, “I like to think that H (but not that ¬H). Situations that I like to believe in 

are generally brought about, but things that I do not like to believe in are not. Therefore H is probably 

true.” That second premise would be plausible to someone who, for example, believes in a benevolent, 

omnipotent God, or it could arise from certain ideas about human preferences between ideas; for example, 

that we have evolved to prefer thoughts that are more likely to be true. 

Should the above attitude count as scientifically irrational? Here, our definition of scientific 

rationality prompts a fine distinction: if someone adjusts their probability by reflexive reasoning, and also 

gives up their attachment to the truth of H, then a value bias has been replaced by a belief bias26, and this 

should count as rational. If the probability changes, and the value bias remains in place, then that is still a 

                                                           
26 “Bias” has different connotations in these two contexts. A value bias is an attachment to a 

particular opinion irrespective of its epistemic virtues, and hence not the sort of thing we would want a 

scientist to have. A probability bias, on the other hand, is something that is essential to almost any kind of 

inquiry. For example, if a certain disease is extraordinarily rare, a doctor should have a probability bias 

against the belief that any particular person has it. 
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scientifically irrational attitude. In summary, although it may be particularly hard to tell whether an attitude 

is scientifically rational when beliefs such as the belief in a benevolent God are involved, there is still a fact 

of the matter. 

 

The labelling of a person or situation as scientific or non-scientific is something which should not 

be taken lightly. This act of labelling is potentially an oppressive instrument of power. The reason is that 

the inquiry into whether someone is scientifically rational is itself an inquiry that may or may not be 

epistemically motivated, and for which there can be strong value bias (such as wanting one’s own opinions 

to be trusted, and other people’s opinions to be dismissed). 

In the analytic tradition of the philosophy of science, we might say that the way around this is to 

be diligently rational in our application of criteria for separating science from non-science. In a 

sociological tradition, we might say that the answer is to dilute power relations and social pressures which 

bear on the act of labelling. The epistemic utility framework says that these are practically equivalent, 

because to remove social and psychological commitments from an inquiry is to make it epistemically 

motivated and hence rational. 

Making the Distinction in Practice 

This thesis provides comparisons of epistemically and non-epistemically motivated agents in 

many different respects. In this section I summarise some differences by which we might make the 

distinction empirically and argue that each is a difference between a recognisably scientific attitude and a 

counter- or pseudo-scientific attitude. The aggregate of these considerations is an argument that scientific 

rationality as defined above really is the appropriate concept for demarcating science from non- or pseudo-

science. 

 

Choice of information source 

In part 5 the dynamic properties of epistemically and non-epistemically motivated agents are 

examined. Specifically, I will argue that epistemically motivated agents desire information, and desire 

reliable information, just as a scientist should, whereas non-epistemically motivated agents are committed 

to a particular conclusion, and choose cognitive strategies that maintain that commitment, in a way that 

would be called unscientific (or “psychologically non-falsifiable,” whose meaning is explored below). 

 

Choice of rhetoric 

An epistemically motivated inquiry into H is an inquiry into whether or not H, whereas a non-

epistemically motivated attitude seeks to defend an attachment to H, and, in so far as it undertakes inquiry, 

it is an inquiry driven towards a pre-set conclusion; an attempt to prove that H. This conceivably might 

show itself in the way that practitioners describe what they are doing. 



Value and Belief, by Martin Poulter, infobomb.org. Adapted from PhD thesis of 2003  

 

This work is licensed under a Creative Commons – Attribution – ShareAlike 3.0 Unported License. 

Author: Martin L. Poulter, infobomb@gmail.com  Page 103 

 

This will not be a very reliable indicator. Someone with a fully scientific attitude might say that 

they hope or intend to prove a particular hypothesis, meaning that they hope both that the hypothesis is true 

and that their investigation is good enough to provide substantial evidence for its truth. Conversely, 

someone who has no intention of subjecting their opinions to genuine test, but who still wants to appear as 

if their opinions are well-founded, might adopt a rhetoric that makes them appear to be taking a properly 

scientific attitude. Another reason this is less than fully reliable as an indicator is that people have less than 

perfect self-knowledge, to say the least. If we were to ask people whether they are good drivers, it would 

be naïve to expect bad drivers to identify themselves as such, because of cognitive and value biases in self-

perception (Hoorens (1993)). Similarly it would be naïve to expect people to offer correct judgements of 

their own intellectual honesty and integrity. 

This does not show that there is no evidential value whatsoever in the choice of rhetoric: some 

attitudes may wear their bias on their face. A particularly clear example of a statement of a value bias in the 

context of an ostensibly scientific inquiry is found in this quote from a video which promotes young-earth 

creationism (Copeland and Baugh (1996)), in which a preacher explains the attitude that the creation 

scientist must take: 

“If our science and the Word doesn’t [sic] fit, we go back and begin to study our 

science until we discover what God has already said is true. We won’t be satisfied with our 

science until it satisfies every word of God and every meaning of every word.” 

An even more frank admission of biased aims would be along the lines of, “I choose my opinions 

on the basis of psychological appeal and it is irrelevant to me whether they are true,” but we should not 

expect someone to say that outright, because it would involve a sort of Moore paradox: we would not take 

such a person’s statements as serious expressions of opinion. 

Another difference of rhetoric is whether the opinion is argued for (or against) on its epistemic 

virtues (or failings) or its aesthetic or comforting (or repellent) aspects. 

 

Psychological acceptability 

In asking if an opinion is epistemically motivated, it may be helpful to ask if the assertion of H is 

particularly pleasant (or unpleasant) to contemplate, compared to the denial of H. This might be the case if 

H is “Human existence continues beyond bodily death,” or, “Technology will soon create a social utopia.” 

If the subject made commitments with which H will clash (such as publicly denying H), then this may give 

a value bias not to go back on the commitment (this point is explored further under “motivated inference” 

in Part 5). In Part 5 we will look at the psychological phenomenon of cognitive dissonance, in which 

subjects change opinions, behaviours or attitudes so as to diminish an aversive state created by tension 

between them. Depending on which variation of the theory one takes, cognitive dissonance is to be 

predicted when someone is made aware of information which conflicts with positive self-assessments or 

when it conflicts with their self-image (whether positive or negative). If we interpret cognitive dissonance 
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theory as revealing the strongest value biases, then this gives us an indicator of these topics on which we 

should generally expect to find that motivation. 

 

Social reward structure 

It was discussed in Part 2 that value bias might derive from someone’s personality or from the 

wider environment. Hence it is sensible in determining whether someone is epistemically motivated to look 

at the way the social environment rewards or punishes (or, more strictly, forms expectations of reward or 

punishment for) opinions. The submission of opinions to test by experiment or by experts whose opinions 

one does not know in advance can both be thought of as strategies for introducing epistemic motivation, 

because the opinion is rewarded for conforming to (some indicator of) the truth about the issue, rather than 

for having some specific content. 

We might also look at the economic support for research and its conditions. For example, where 

an investigation of the health risks of tobacco is funded and published by a cigarette manufacturer, the 

researcher might expect publication and further funding to be conditional on a favourable conclusion. On 

the other hand, when a pharmaceutical company funds research to determine which chemical component of 

a plant gives it medicinal properties, the interest is presumably in producing a drug that works, not in 

defending a particular opinion about which is the active molecule. Hence the company is providing an 

epistemic motivation to the researchers. This is not a distinction between academic interests and corporate 

interests, but between epistemic motivations to discover and exploit useful facts and biasing motivations 

such as public relations, politics and marketing. 

 

Response to criticism 

Perhaps the key difference between the two kinds of attitude is in the response when opinions are 

criticised or challenged. To an epistemically motivated agent, an informed critic or an anomalous 

observation is potentially useful, since it is to the subjective benefit to such an agent to give up an opinion 

which is erroneous. Hence it is to their advantage to adopt opinions that are understandable to other people, 

to draw out the deductive or inductive consequences of their opinions and to explain why they think their 

opinions justified: this is an extension of the above point about the value of information. 

To a value-biased agent, there is a cost attached to giving up an opinion, even if by doing so they 

adopt a new opinion that is true. A criticism or challenge to that opinion is therefore a threat. As discussed 

under “Motivated Inference” in Part 5, it is in the interests of such an agent to avoid the criticism or to say 

whatever is necessary to discourage it or show it to be unproductive. It is also in their interests to prevent 

criticism or the discovery of error, for example by obfuscation and by reluctance to draw out consequences 

of opinions. 

In Part 3 we saw that value bias could affect the way the subject interprets others’ utterances. This 

provides us with suggestions for defensive strategies that could be used to preserve a biased opinion in the 

face of a challenge. One could interpret the challenge as trivial, misinformed or absurd and in this way 



Value and Belief, by Martin Poulter, infobomb.org. Adapted from PhD thesis of 2003  

 

This work is licensed under a Creative Commons – Attribution – ShareAlike 3.0 Unported License. 

Author: Martin L. Poulter, infobomb@gmail.com  Page 105 

 

diminish the force of the challenge (this might be easier to get away with when confronting a written 

challenge rather than debating a physically present critic). 

 

In all of these cases, one has to be careful to distinguish genuine value bias from mistaken beliefs 

about the reliability of different methodologies, or a healthy distrust of authority. That distinction is the 

topic of “Absolute and Relative Rationality” in Part 3. 

Constrained Assertion and the Character of Science 

In Part 2 we considered two systems of theory choice, both of which posit a trade-off between the 

likelihood of a theory and another feature, where the balance between the two factors is a non-rational 

feature of the choice, on which ideal scientific agents can legitimately differ. These were Maher’s system 

involving probability and verisimilitude and Good’s definition of strong explanatory power, which 

balances post-test probability and support for new evidence. Many similar trade-offs can be produced in 

the present system. By considering some examples, I will derive some surprising consequences about 

theory choice which will have implications for the goals of science. 

In the earlier definition of cognitive acts, one cognitive act (one row in our decision table) stands 

for a cluster of declarative linguistic acts which can be regarded as fulfilling equivalent linguistic purposes; 

for example, the act of saying “The tortoise’s shell is green” and that of answering “green” when asked 

“What colour is the tortoise’s shell?” One way to express this connection is that the first sentence, if taken 

as a sincere expression of opinion, renders it unnecessary to ask the question. These clusters are not 

determined by logical equivalence, because people are not logically omniscient. If sentence A has exactly 

the same declarative content as sentence B, under the appropriate interpretation, it does not follow that an 

utterance of A will be regarded as serving the same declarative purpose as an utterance of B, because there 

is no necessity that the logical connection will be recognised as such. 

A similar relation can hold between assertions of different propositions. Consider the simple 

conjunction “The tortoise’s shell is green and Achilles is swift.” This can be assumed to answer the 

questions “What colour is the tortoise’s shell?” and “Is Achilles swift?” Someone who heard the 

conjunction, and interpreted it as a sincere expression of opinion, would be making a basic 

misunderstanding if they then found it necessary to ask the speaker the colour of the tortoise’s shell. 

However we could not extend this principle to take the above sentence as asserting an enormously complex 

logical tautology, even though such a tautology could in principle be shown to follow deductively from the 

content of that sentence. 

This example illustrates a relation between utterances which I will call implicit assertion. “The 

tortoise’s shell is green and Achilles is swift,” implicitly asserts that Achilles is swift. We have seen that 

this is not a logical relation holding between propositions: instead, it is a feature of the way language is 

interpreted by a community, and is dependent on that community. In one community, it might be broadly 

accepted that G follows directly from H, so someone who wants to assert them both can just assert H, 
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whereas another community which uses the same utterances to talk about the same things might fail to 

collectively recognise the logical or evidential connection, so someone who wants to convey both H and G 

has to assert them separately. 

Not only is logical entailment not sufficient for implicit assertion, it is not necessary. One reason 

for this is that a community might collectively make an error of reasoning, and take G to be implicitly 

asserted by an assertion that H when in fact G does not follow from H; even when H is evidence against G. 

An example would be the mistaken Aristotelian logical principle that “Some A’s are B” follows from “All 

A’s are B”. Another reason is that the intended relation between H and G might not be deductive. H might 

simply be taken by the community to be strong inductive support for G, making G so certain given H that 

its assertion is generally unnecessary given the assertion of H. We may be able to model this by 

introducing the gradations of assertion that were discussed in Part 3. In other words, we could say that the 

assertion that H is certainly true implicitly asserts that G is almost certainly true. 

The implicit assertion of G by H is not a matter of G having a high probability given H, or of H 

being good evidence for G. A probability function is relative to a specific individual, so if P(G|H) is high 

for the speaker, or for the audience, that is no guarantee that G will be communicated by the mere assertion 

of H. Without going into the details of a theory of communication, we can see that what is required is 

something like the following: G is probable given H for the audience, the speaker knows this and can assert 

H with the intention that the audience will infer G and can reliably expect to have this intention recognised 

(Grice (1957)). 

Different assertions will have different fields of additional implicit assertions. In part, this will be 

due to the logical nature of the asserted statement, for example whether it is an exception-less 

generalisation. It will also be affected by the logical resources available to the community, for example 

whether theories are expressed in mathematical form to a numerate community. It will also depend to some 

extent on the state of mutual knowledge and trust within the community, because in order to implicitly 

assert something you need to know what deductive procedures your audience will use and that they will 

recognise your communicative intention. 

The relevance of this to our model is as follows. So far we have considered inquiries as being 

isolated from each other. We have imagined the choice of whether or not to accept H as independent of the 

choice of whether or not to accept G. However, we now see that they are not necessarily independent, 

because the decision to assert H may have as a consequence the implicit assertion of G, or vice versa. 

Hence in calculating the expected utility of A(H), we need to consider the utilities associated not only with 

the inquiry of whether or not H, but those associated with the implicit assertions consequent on A(H). 

Strictly we should say that under these conditions the act A(H) as we have defined it is not available, and 

what we are calling A(H) is actually A(H∧E∧F), where E and F are the content of the implicit assertions. 

 

Background assumptions 

Imagine that acceptance of theory H brings an implicit acceptance of E, F and G but there are no 

other relations of implicit acceptance. This would happen, for example, if H is a statement of a universal 
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law and E, F and G are instances of that law. An ideally epistemically motivated agent has an opportunity 

to express opinions about these propositions but has to choose one assertion to convey H, E, F, G, a 

negation of one of these, or a null assertion which refuses to commit to any opinion. This is a strong 

assumption but crucial to the argument in the rest of this section, and it is legitimate to ask why this is a 

model for real practice. One answer is to do with the limits of communication: one only has a certain 

amount of time, memory and patience with which to absorb information from other people, and it is natural 

to want to use this efficiently; to extract the most useful and reliable information in the minimum time27. 

When we consider that a real universal law will have many, many more than three instances, the 

reasonableness of this constraint is more apparent. Instead of saying “All atomic nuclei are positively 

charged,” one could spell out that “All hydrogen nuclei are positively charged,” “All helium nuclei are 

positively charged” and so on, perhaps qualified with individual levels of confidence, but that would be a 

massively inefficient way to convey a difference which for almost anyone is insignificant. There could also 

be a more purely cognitive reason for the constraint. For any reasonably complicated problem, we will be 

unable to hold the entire domain of observations and hypotheses in our minds all at once. 

Let us construct expressions for the expected utility of each available act, using subscripts to 

distinguish the utilities associated with each inquiry. Firstly, since we are imagining an ideally 

epistemically motivated agent, with zero value bias. We are also assuming for simplicity that d, the utility 

mentioned in Part 3, is zero. The baseline utilities b and the utilities of the states s are components of the 

utility function whatever opinion is taken (assuming that the probabilities are act-independent), so they do 

not affect the choice between opinions. Hence all we need to consider in order to compare the utilities of 

different opinions are the values of truth and the indices of caution. The index of caution, symbolised in 

Part 3 as (c – i), is a utility which attaches to null assertions as opposed to specific ones (such as A(H) or 

A(¬H)). We will write it here as “caution”. The null assertion mentioned above remains uncommitted on 

all four propositions, so its expected utility is just the four indices of caution: 

 U(A(Ø)) = cautionH + cautionE + cautionF + cautionG 

The assertion of E, F, G, or any negation does not involve the implicit assertion of any other 

proposition, so we will regard the choice of asserting those as involving a null assertion for the other three 

propositions 

 U(A(E)) = cautionH + P(E)cE + cautionF + cautionG 

 U(A(¬E)) = cautionH + P(¬E)cE + cautionF + cautionG 

And similarly for F, G, ¬F, ¬G and ¬H,. Finally, the assertion of H involves implicit assertion of 

the other three propositions, so this gives us the remaining equation: 

 U(A(H)) = P(H)cH + P(E)cE + P(F)cF + P(G)cG 

                                                           
27 It was mentioned in Part 1 that the reason for the ubiquity of the intentional stance, as Dennett 

sees it, is its informational efficiency. The trade-off I mention here explains what I mean by “informational 

efficiency”. Using intentional terms, one can convey quickly enough information to explain an agent’s 

behaviour, even though taking the time to spell out all one’s knowledge about that agent in some non-

intentional language might in principle enable more accurate predictions. 
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This system of equations allows us to pose some simple scenarios which will reveal some 

properties of ideally epistemically motivated agents. 

 

Example 1: Acceptance of a hypothesis not intended to be true 

Firstly, imagine that all the propositions are reasonably probable, in that P(X)cX is more than 

cautionX for each proposition. Unsurprisingly, A(H) is the preferred act. This can still be true even when 

the probability of H is lower than that of the other propositions, as it will be if H is a conjunction of the 

others. However this, like all the hypothetical conclusions below, depends on the relative sizes of the 

utilities of true opinion cX. Nothing we have seen so far constrains how these epistemic utilities compare to 

each other. Our definition of scientific rationality only requires that they outweigh the value biases. Hence 

we can regard the relative sizes of the cX as a non-rational input into the process of theory choice, just like 

Maher’s balance between verisimilitude and probability. 

Imagine that H is itself strictly meaningless, but that the assertion of H still involves the implicit 

assertion of the other propositions. Perhaps it is a scientific law which refers to entities known not to exist 

(such as ideal gases and incompressible rods) or is otherwise uncheckable in principle, but there are 

established rules for deriving from it definite empirical predictions that E, that F and that G. We can model 

this by removing the terms P(H)cH and cautionH from the equations. The result is that A(H) is still the act 

with highest utility: in other words, although the pseudo-proposition H does not have the epistemic virtue 

of truth, it does have the epistemic virtue of communicating a lot of (believed-to-be-true) information. 

This example bears on a very active strand of recent philosophy of science; the debate between 

the various forms of realism and of anti-realism. This debate actually links three questions: 

• How is scientific language (especially about “unobservables”) to be read? Should statements 

about unobservables be taken literally? 

• Are successful scientific theories (especially about unobservables) supposed to be true in 

every respect, when read in the appropriate way? 

• What are the goals of science? To deliver truth in all respects? To save the phenomena? To 

enable successful prediction? Or is there no overarching goal (Fine (1986))? 

We have seen that by aiming to deliver informative factual truth, we can end up introducing 

theories that are not meant to be true but are just convenient ways of deriving further truths. This carves the 

question about the goals of science away from the question about whether theories are meant to be true. 

Ideal scientific agents of the kind we are considering can rationally accept a theory which is not 

meant to be true itself, but which is purely a way of deriving predictions that are in accordance with 

checkable observational reality. This would seem to recall van Fraassen’s (1980) constructive empiricism, 

which claims that all scientists aim for is empirical adequacy, not truth about unobservables. However, our 

example is not a vindication of van Fraassen’s theory, because that theory is meant to be a necessary truth 

about science, incompatible with realism, whereas we have shown that a desire for empirical adequacy 

alone is just one possible outcome of a realist, truth-seeking approach to theory choice. What it illustrates 

instead is a way in which arguments for or against constructive empiricism could be framed. 
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The question of the interpretation of scientific language, including its ontological commitments, is 

outside the scope of the present analysis, because we are not taking a position on what it is for a particular 

utterance to assert a proposition H. Then again, this is the sort of problem for which there is least likely to 

be an answer that applies across all scientific disciplines. The other two questions, on the other hand, can 

be investigated with hypothetical situations like the one we have just considered. For instance, if models 

based on a desire for true opinion successfully account for a wide range of realistic patterns of theory 

choice, then we have a counter to Fine’s claim that we need posit no overarching goal for science. 

 

Example 2: Acceptance of a false hypothesis 

Even the falsity of H can still result in A(H) being the preferred assertion. Here is where non-

rational differences among agents can make a substantial difference. Imagine that P(H) is zero, but that the 

probabilities of the other propositions are all high. For someone whose cX are all roughly the same, AH is 

the preferred act. 

From the starting point, where H, E, F and G are all meaningful and probable, we can make 

another kind of adjustment. Imagine we discover that exactly one of the consequences E, F or G is false. It 

is not known which and it could equally be any of them, so the probability of each is two thirds, and the 

probability of H is zero. These are the utility expressions for the two acts which have the highest utility: 

U(A(H)) = 0 + 2/3(cE + cF + cG) 

U(A(¬H)) = cH + cautionE + cautionF + cautionG 

So long as the levels of caution are not too high and the utilities of truth cX are roughly equal, 

A(H) is still the preferred act, even though H is known to have a false consequence. 

Now imagine that the specific false consequence is identified as E, so that the probability of E 

drops to zero and those of F and G rise to 1. This gives us a new set of equations. 

U(A(H)) = 0 + 0 + cF + cG 

U(A(¬H)) = cH + cautionE + cautionF + cautionG 

U(A(¬E)) = cautionE + cE + cautionF + cautionG 

Here the relative sizes of the values of truth cX are crucial for determining the chosen act. For a 

scientist especially interested in having true opinion about E, A(¬E) is the preferred act, but for another 

who is more interested in true opinions about F and about G, A(H) is preferred. It would be nice to be able 

to assert “H, but not E,” but this may be disallowed by the linguistic constraints. To spell out the 

exceptions of a real scientific theory may take a lot of time, explanation and specialist terminology, so it 

may only be in very specific linguistic contexts that such an assertion is possible or desirable. 

This example shows an advantage of a decision theory analysis over purely logical or probabilistic 

accounts. Lakatos’ (1970) point that theories are “born falsified” is well accepted in modern philosophy of 

science, because counterexamples are easy to find if all the possible consequences of a complex theory are 

spelled out. If theories are adopted on grounds of pure deductive logic (whether or not they have been 

falsified) or on the grounds of their own probability, then all reasonably fecund and successful theories 

share the same status as discredited theories; a probability of zero. 
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The present analysis shows how we can rationally choose between theories all of which are 

strictly false. Saving the phenomena counts strongly in a theory’s favour. Anomalies count against a 

theory, and ceteris paribus an ideal scientifically rational agent would prefer a theory without them. 

However, given a range of theories for which there are anomalies, we see that the number of anomalies, 

their probabilities, and the subjective interest in the true prediction of the anomalous observation are all 

factors in a rational choice. 

 

Example 3: Choice between inconsistent theories 

Now let us imagine that we are only interested in hypotheses for their empirical adequacy, so that 

we can ignore the utilities attaching directly to them. We have already stipulated that A(H) implicitly 

asserts E, F and G and that E is known to be false, so ¬E is an anomaly for that hypothesis. Now let us add 

a competitor hypothesis J, which is a different universal generalisation. H and J might be conjunctions of 

the same core theory with different auxiliary assumptions. The assertion of J implicitly asserts ¬E, ¬F and 

G. Hence the truth of F is an anomaly for J. G can be thought of as a core set of phenomena that are 

“saved” by both hypotheses. 

 A(H) implicitly asserts E (which is false), F (true), G (true). 

 A(J) implicitly asserts ¬E (which is true), ¬F (false), G (true). 

Again, the scientist has a choice of asserting any single proposition or its negation. H and J are 

both theories which have falsifying instances, yet of the available acts they are likely to have the highest 

utilities, since there is no theory available which has no anomalies. Ignoring once again any utilities which 

attach to the states E, F and G themselves, 

 U(A(H)) = cF + cG , and 

 U(A(J)) = cE + cG  

The choice between these two acts is determined by the difference of utility cF − cE. This is not 

constrained by any principle that we have considered. One scientist might take E to be a crucial anomaly, 

about which a true prediction is very important, and prefer to assert J rather than H. Another might give 

greater weight to F, and so prefer to assert H. 

In summary: 

• H and J are logically inconsistent with each other, but both save a core of observed 

phenomena, which we can imagine to be as large as we like. 

• It can be rational for one scientist to accept H and another J, when each is ideally rational in 

the sense of desiring only informative true opinion, and when each gives exactly the same 

probability to each hypothesis and all their consequences. 

Again we see that the balance between the different epistemic utilities is a non-rational input into 

the choice of theory. A Kuhnian is welcome to highlight its independence from purely probabilistic 

algorithms and its similarity to other matters of personal preference. However, that fact that theory choice 

depends on such factors in no way undermines its directedness towards truth. 
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Example 4: The appeal of logic 

Imagine that we make a new discovery which is not a new observation but a new system of 

inference; perhaps a logical system that enables us to derive new predictions and explanations from our 

theories. It might be a unification of theories about disparate topics, or an absorption of one theory into 

another. It  might also be the introduction of a deductive method such as mathematics into an area of 

science where it has been lacking. Imagine that this discovery is shared among the community, so that it 

extends the field of implicit assertions that are made when we assert H. If the additional implicit assertions 

are believed true, then this greatly increases the expected utility of asserting H. If on the other hand those 

additional propositions are believed false, then this in effect adds a cost to the assertion of H. The new 

system of inference will have similar effects on H’s rival assertions, and might thereby change the 

preferred act. From these considerations, we can see in terms of expected utility why it is beneficial for 

epistemically motivated agents to develop the ability to make logical inferences and to use language which 

makes logical and evidential relations clear, and also to encourage others to do these things (to extend the 

field of implicit assertions). 

 

Conclusions 

Summarising what we have seen so far, from the assumption that an agent is purely interested in 

forming true opinions, along with the assumptions of constrained communication and implicit assertion, we 

can derive an account of theory choice with surprising results. Such agents can assert statements which are 

strictly meaningless, known to have false consequences or even known to be false, so long as the balance 

of epistemic failings and epistemic virtues of the implicitly asserted propositions results in a total utility 

greater than that of competing assertions. 

In this method we have an fresh avenue for attack on two problems where the existing Bayesian 

analysis is unconvincing. The first is the problem of how a scientist reacts to anomalies. We know from 

Quine and Duhem that it is a whole body or even a totality of belief that is impugned by a falsifying 

instance and that there is a nontrivial problem of how to divide the blame for false predictions between a 

hypothesis, its auxiliary assumptions and the wider context of background information. A standard 

Bayesian response to this problem (see Howson and Urbach (1993), Dorling (1996)) is purely probabilistic 

and involves showing that when a conjunction is falsified, the less probable conjuncts receive more 

disconfirmation. In a sense one could only say that the problem of dividing blame is only intractable in the 

absence of an inductive logic, so the existence of a viable inductive logic in the form of Bayesian 

probability is an answer to the problem at the most abstract level. 

This solution has come under attack from Laudan (1997) for lack of scientific realism. Scientists 

faced with an anomaly actively search for a way to accommodate it using changes to their preferred theory, 

and only change to a new theory if that new theory saves a crucial core of phenomena that were explained 
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by the old theory. The picture of theory choice developed in this section may serve as an analysis of the 

behaviour Laudan is talking about. 

This also gives an approach to the problem of old evidence; the problem of how to account for the 

way in which accommodation of already-discovered evidence can increase the scientific appeal of a theory. 

As Glymour (1980) points out, the discovery of an explanatory connection between a theory and already-

known evidence can make or break a theory (such as in the confirmation of special relativity by the 

perihelion advance of Mercury), although Bayesians lack a probability updating rule that would allow them 

to account for this. A response defended repeatedly by Howson is that probability assessments are often 

meant to be counterfactual, so that when scientists evaluate the significance of a piece of evidence they are 

using probabilities that they would have had if they had already known about the new explanation. This 

response has at least a grain of truth, but it makes Bayesianism almost entirely vacuous, because even 

given a scientist’s complete present probability function, there is no definite way to fix the value of 

counterfactual probabilities. We could estimate a scientist’s probability of a theory at any value by finding 

the appropriate counterfactual.  

According to the present perspective, we do not have to account for the effect of a new 

explanatory connection purely in terms of probabilities. In fact, the theory’s probability of being true may 

be zero both before and after the discovery of the connection. We might say that the discovery of the 

connection expands the range of implicit assertion about the field of interest (such as planetary motion) 

which is captured in the theory and thereby makes the theory more acceptable. 

 

Imagine that H is a falsity or a pseudo-proposition, which is accepted because it carries an implicit 

assertion of a series of checkable consequences, most of which are known to be true, but some of which are 

known to be false. Imagine that we develop a new linguistic framework; a new way of framing theories 

and deriving predictions from them. When we pose the nearest equivalent to H in this system, we find that 

it has a field of implicit assertions which is not quite the same, perhaps containing fewer known 

falsehoods. This may well lead to the new theory having a higher expected utility of assertion than H, but 

the difference depends on the particular values of truth attached to the different inquiries. 

If this is a good model of actual scientific theory choice then we can agree with Kuhn that theory 

choice is not necessarily a matter of one theory getting sufficient evidential confirmation to objectively 

trump another. We can also agree that acceptance can involve the acceptance of a linguistic framework and 

community – a way of looking at and talking about the problem – in addition to acceptance of a 

proposition. Then again, to say that no algorithm describes this choice would be a step too far, because the 

choice is determined by subjective expected utility and a tightly constrained utility function: one that 

contains no value biases. 

Other Demarcation Criteria 
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I now want to consider two popular approaches to the demarcation problem, and how they 

compare to the present demarcation criterion.  

Firstly, I want to consider Popper’s falsifiability criterion (Popper (1963)). To say that a theory 

“can be falsified” is not in this case to say that it is false. In Popper’s sense, a theory is falsifiable if it is 

epistemically possible that it will encounter an observation with which it is incompatible. There are two 

kinds of non-falsifiability. One of these is logical; the adoption of hypotheses which by their nature are not 

falsifiable. Freudian psychotherapy was Popper’s example of this because of its use of vacuous pseudo-

explanations which could “explain” any behaviour and thus could not be disconfirmed. The other is 

psychological; the defence of logically falsifiable hypotheses by a strategy of reinterpretation or of addition 

of ad hoc premises. The adaptation of the Marxist theory of political history in the light of a series of failed 

predictions is used as an example of this. 

A main line of criticism of Popper’s theory is against its focus on decisive deductive falsification 

(e.g. Lakatos (1970)). This is an unrealistic aspect of the theory because scientific theories are not given up 

at the sign of an anomaly. It also oversimplifies the logic of scientific inference by ignoring the problem of 

dividing blame between a theory and its auxiliary assumptions28. Still, Popper’s position is at least based 

on some sound logical points, such as that counterexamples to a universal hypothesis are decisive in a way 

that confirmed instances are not, and that any theory which “explains” every possible observation does not 

truly explain any of them. 

Being Bayesian, the present scheme avoids the main criticism because it is not committed to the 

existence of decisive falsifications, although tests can be more or less informative about a proposition, so in 

this sense it does make a distinction between genuine tests of a hypothesis and pseudo-tests. Bayesian 

probability theory recognises the asymmetry between falsification and verification, in that an observation 

ruled out by a hypothesis collapses the probability of that hypothesis to zero, but an observation entailed by 

a hypothesis does not necessarily confirm it to any significant degree. When Good (1966) examined 

explanatory power (discussed in “Analytical Approaches” in Part 2), he gave the following expression as a 

measure of weak explanatory power (“weak” here means that the explanatory relation between hypothesis 

H and evidence E is considered independently of the plausibility of H): 

)(
)|(log
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By this definition, then if H has positive explanatory power for E, then it must have negative 

explanatory power for ¬E, therefore no hypothesis can have positive explanatory power for all possible 

data. So, in these respects at least, the Bayesian accepts the logical insights underlying falsificationism 

without accepting the more dubious conclusion. 

                                                           
28 This problem is widely associated with both Quine and Duhem, although whereas Quine’s is a 

general logical point, Duhem’s argument is more specific, centring on a circularity peculiar to tests of 

physical theory using physical equipment and experiments (Gillies (1993)). 
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If the present criterion of scientific rationality is correct, then a rival criterion must either be the 

same criterion in disguise, or there must be cases of scientific rationality or irrationality which are correctly 

labelled by the present criterion but mislabelled by the rival criterion. To some extent, both these outcomes 

are true with falsifiability. 

The adoption of logically non-falsifiable opinions or auxiliary hypotheses might also be taken as a 

sign of non-epistemic motivation, as a strategy for defending another opinion or practice (see the section 

on motivated inference in Part 5). For instance, if I have a desire for the social role of a prophet or seer, 

then it is to my advantage to make my predictions non-falsifiable (for instance by refusing to identify a 

date by which they will have occurred) so that my role is not threatened with the inconvenience of 

disconfirmation. In short, the present perspective makes use of the logical falsifiability criterion as a sign of 

scientific rationality, but not as a definition of it. 

Psychological non-falsifiability could be interpreted in two ways. We could interpret it as a state 

of acceptance of a theory which one would maintain if one encountered a decisive disconfirmation, in the 

form of evidence with which it was incompatible. In this case, it captures an unambiguously unscientific 

attitude. It also corresponds to what we are calling an attitude of non-epistemic motivation, since it is a 

consequence of the definition of a non-epistemic attitude that the opinion would be maintained if its 

probability were 0. 

Alternatively, psychological non-falsifiability could be interpreted as a state of acceptance which 

would be maintained in the face of a strong, non-decisive disconfirmation; in the face of evidence which is 

hard to reconcile with the theory. This does not correspond to the present definition of scientific 

irrationality, but then that is a virtue of the definition. Historically, scientists do hold on to theories in the 

face of strongly anomalous evidence if there is no better theory available (examples are given in Kuhn 

(1970)). Acceptance in the light of disconfirmation can also be scientifically rational in the Bayesian sense, 

in that a hypothesis may be disconfirmed by one piece of evidence but still be the most probable overall. 

For the above reasons, I claim that the definition of scientific rationality in terms of epistemic 

utility is broadly in the spirit of Popper’s approach, and captures what is useful in the criterion of 

falsifiability. 

 

The other demarcation criterion I will consider here is Lakatos’ distinction between progressive 

and regressive research programmes (Lakatos (1970)). In the former, theory races ahead of the facts, 

meaning that the theory produces surprising predictions which are found to be true, and development of the 

theory produces more and more of these successful predictions. In a regressive research programme, theory 

lags behind facts, in that the development of the theory consists of adding ad hoc assumptions to 

accommodate disconfirming facts. Falsification is not a decisive criterion for choosing between research 

programmes because all theories exist in a sea of anomalies (i.e. hard-to-reconcile or falsifying evidence). 

Some of Lakatos’ picture of scientific theory choice seems to be replicated in the account given in 

the previous section, in that theories are not accepted purely for their virtues as informative truths but as 

statements from which many informative truths can be derived. We saw that even a strictly false theory 
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may, in the right context, be the optimal choice for someone wanting to convey true information. We also 

saw that competition among these theories comes from the utility derived from implicit assertions. This can 

be increased by experimental confirmation of a theory’s consequences, by the addition or removal of 

implicit assertions (for example, by unification with a theory from a different field) or non-rationally by a 

change of the values of truth attached to issues on which the theory makes implicit assertions. 

Lakatos is not concerned to demarcate science from non-science in the hard and fast way 

recommended by Popper; instead his terminology distinguishes on-the-whole scientific progress from on-

the-whole regress. In this he is taking a strategy that is entirely sensible in light of the present perspective. 

In our model, there are different ideally scientifically rational attitudes to a field of propositions, 

corresponding to variations in the utility of truth across that field. Therefore there is some subjective, non-

rational factor in whether a theory is ahead of the facts or lagging behind the facts. If a scientist adopts a 

research programme that the community views as regressive, this is not necessarily scientifically irrational 

by Lakatos’ lights: the programme might become progressive with further development. Nor is it 

scientifically irrational by our lights: the scientist may simply be especially epistemically motivated on 

issues where the programme is successful. 

While the present approach agrees with the spirit of Lakatos’ effort, it says that there is another 

layer of description underlying progress or regress of research programmes; namely, the motivations, 

choices and social contexts of individual scientists. At this level, the concept of rationality can be 

employed meaningfully and, as we saw above, it makes an important distinction. 

 

Feyerabend (1975) famously reduced the essential methodological principles of science to 

“anything goes”. Other philosophers of science have set out detailed lists of conditions that an inquiry must 

meet in order to count as science (Bunge (1983)). The present position has some sympathy and some 

disagreement with both views. Contra methodological anarchy, it says that science as an institution and a 

practice is different in kind from other institutions and practices which develop and defend systems of 

opinion, such as religions. There are such things as epistemic goals, which are certainly not common to all 

such institutions and practices, and there are facts of the matter about what methods do and do not achieve 

epistemic goals. However, “anything goes” in that no method of inquiry is ruled out a priori by the 

definition of scientific rationality, and any general methodological rule might be better broken than obeyed 

in a particular case. 

We can also accept the usefulness of projects such as Burge’s; of identifying the characteristic 

features of scientific practice and explanation. However, these features are not axioms of science but 

contingent features that (we hope) have emerged from, or can be justified in terms of, epistemic goals. 

Hence by presenting these as features that science must have, we risk obscuring the rational nature of 

science, as well as binding our philosophy of science to present methodological norms, which might 

eventually be superseded. 

How Many Epistemic Utilities Are There? 
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In Part 2 we considered only one epistemic utility; the utility of true as opposed to false assertion. 

In Part 3 we introduced a utility of informative as opposed to uninformative assertion. It seems sensible to 

ask how many more epistemic utilities are involved in the very complex theory choices made by real 

scientists. 

It may seem that there are at several epistemic utilities, or even an indefinite number. We have 

already seen Kuhn’s list of five candidates (accuracy, consistency, broadness of scope, simplicity and 

fruitfulness), which Kuhn acknowledged were not independent or exhaustive, and more have been 

suggested. Explanatory power and inter-theoretic unification are sometimes suggested as important, 

additional virtues for a theory. On the other hand, Levi speculates in a footnote to Levi (1967) that two 

epistemic utilities may be sufficient to capture all scientifically rational attitudes. 

One could resolve the question of how many epistemic utilities there are by arbitrarily stipulating 

a list, or alternatively by empirically studying scientists’ criteria of theory choice. As an alternative to these 

two methods, there is the structural approach taken in this thesis. There are two different methods by which 

one candidate epistemic value might be explained in terms of another. First, I will mention an approach 

hinted at in an aside by De Sousa (1971): 

“I suspect that these additional values might all be traceable to our desire for sets of 

exclusively true sentences, coupled with the mental limitations that make it essential for us to 

organize these sets in handy ways.” 

“Mental limitations” recalls the constrained assertion that was the focus of the previous section, 

although we have seen that our ideal scientists are not necessarily concerned with exclusively true 

sentences. We have seen that the wider the field of confirmed implicit assertions a theory has, the more 

desirable it is to assert when assertion is constrained. In this way it may be that we can account for the 

value of inter-theoretic unification, broadness of scope and fruitfulness in terms of the value of true 

opinion. 

The other method for analysing a putative epistemic value in terms of the value of true opinion is 

to argue that it is in fact a confirmatory virtue; one that increases the probability of a theory and hence 

makes it more appealing to someone who wants true opinion. Some results from modern inductive logic 

claim to demonstrate that allegedly independent virtues of a theory are in fact confirmational virtues. Some 

examples will be briefly considered here to show how this approach works. 

 

 

 

1: Explanatory Power 

Good (1960, 1968) distinguishes two useful scientific senses of “explanatory power”, calling them 

“weak” and “strong”. Weak explanatory power is a relation between hypothesis and evidence where the 

likelihood of the hypothesis is irrelevant. Strong explanatory power takes into account the likelihood of the 

hypothesis. If a phenomenon is explained fully both by in terms of known entities and processes and also 
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by implausibly postulated entities and processes, then the explanations will have the same power in the 

weak sense but not in the strong sense. As described in Part 2 under “Analytical Approaches”, Good 

expressed desiderata on these qualities (taken from Popper) as constraints on a mathematical function. 

Combining these desiderata with considerations of consistency, he derived functions which explicate those 

qualities, this being the same procedure by which Cox derived Bayesian probability. Weak explanatory 

power, which we will focus on here, is explicated by the expression 
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where H is a hypothesis and E is the observation being explained. Notice that a hypothesis which 

is initially highly probable cannot be “explained” to any great degree, and that a hypothesis which makes E 

very likely has greater explanatory power than another which makes E less likely. Strong explanatory 

power is explicated by a weighted sum of this and the logarithm of H’s probability given E. Since this 

function makes explicit reference to the likelihood of the hypothesis, it will be a confirmational virtue if 

weak explanatory power is also. Hence we will concentrate on weak explanatory power from now on. 

If we accept that Good’s measure captures a useful sense of explanatory power, then it follows 

that when two hypotheses are confirmed by an observation H, the one with greater explanatory power will 

be confirmed more than the other. 

Firstly, take two hypotheses, H and G, such that H has greater explanatory power (for E) than G. 
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The quantity on the left hand side in this inequality is the likelihood ratio, widely used in 

Bayesianism as an indicator of the evidential significance of E. To see the significance of this, note 

that Bayes’ Theorem tells us that: 
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Combining this with the inequality above, we get: 
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In other words, from the assumption that H has greater explanatory power (for E) than G, it 

follows that the observation that E confirms H relative to G. 

The approach mentioned so far interprets explanatory power at the level of belief; claiming that an 

explanation of E is information in light of which E is plausible enough not to require explanation. We 

might alternatively interpret explanatory power at the level of opinions; in other words, in the terms of the 
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production of implicit assertions. We might interpret a highly explanatory theory as one which, on its own 

or in conjunction with uncontroversial additional premises, produces a field of implicit assertions of 

propositions which are believed to be true. If we interpret explanatory power as fecundity in producing 

implicit assertions of known evidence, the argument in the previous section shows why we should expect 

the assertions which have the most appeal to scientific agents to be highly explanatory. Whether we 

interpret explanatory power at the level of belief or opinion, there is no reason to treat it as an epistemic 

virtue distinct from the value of truth. 

 

2: Simplicity 

I will consider three approaches to the definition of simplicity and show how they can be 

interpreted as confirmational virtues. The first of these uses the well established formal theory of 

complexity, the second uses deductive logic and the third is distinctively Bayesian, explicating complexity 

in terms of a theory’s adaptability to fit diverse observations. 

The standard theory of the complexity of an abstract object is that given by Kolmogorov, 

according to which complexity is measured by the shortest description of the object in some language. 

Chater (1996) combines Bayesian inductive logic with Kolmogorov complexity theory to argue that the 

task of determining which hypothesis is most strongly supported by a set of evidence is equivalent to the 

task of determining which is the simplest explanation of that evidence. 

Another approach to the measurement of simplicity comes from Sober (1975). For Sober, the 

simplicity of a hypothesis is relative to a question or field of questions. Specifically, it is a measure of how 

much information has to be added to the hypothesis to yield an answer to that question. For example, a law 

which says that variable w is a function of two quantities x and y is less simple than one which says that it 

is just a function of a single quantity z, because the question “What is the current value of w?” is answered 

by two pieces of information in the first case and one in the second. 

Because it is put in terms of answering questions, it seems appropriate to read Sober’s theory at 

the level of opinion rather than of belief. We saw above that the answer to one question (of whether or not 

H) can result in implicit assertions which answer other questions (such as whether or not E). This field of 

implicit assertions may be increased by a conjoining one assertion with others. The more implicit assertions 

(which are believed true) are generated, the more of one’s state of belief can be captured in a single 

assertion and therefore the more utility that assertion has for an epistemically motivated agent. If we 

interpret Sober this way, then it is understandable that the theories we most prefer to accept are simple 

ones. Hence we can adopt Sober’s system, or something like it, without requiring any new epistemic values 

to be introduced. 

Rosenkrantz (1983) use inductive logic to provide an account which makes simplicity on the 

whole a confirmational virtue. A theory is understood as complex if it has a lot of exception clauses or if its 

mathematical expression involves a great many variables. As a consequence of this interpretation, the more 

complex a theory is, the greater the range of possible observations that it can accommodate. Rosenkrantz 

expresses this by saying that theories which are more complex have a greater sample coverage. Jeffreys 
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and Berger (1992) provide a Bayesian analysis of simplicity along similar lines and give a case study of its 

application in explanation of the orbit of Mercury. Both these sources argue that simplicity is good reason 

to expect a theory to be probable. 

To explain their argument, let us imagine an experimental set-up which might produce any one of 

a large set of possible results. We use this set-up to test two theories, H and G, such that H is less complex 

than G in the sense of having less sample coverage. H is consistent with a subset of the possible 

observations while G is consistent with another larger subset. It may be that one possible experiment 

involves the measurement of a quantity, and that H is compatible with a small range of observed values, 

while G is compatible with a wider range. Both sets contain E, and there may be other common elements as 

well. 

Since the different possible outcomes of the experiment, or series of experiments, are mutually 

exclusive, the sum of the probabilities of the possible outcomes has to be 1. Since the former set is smaller, 

the average of the P(observation|H) is greater than the average of the P(observation|G). 

Now we imagine that the actual result of the experiment is E, which is compatible with both 

hypotheses. We should expect that in general, the simpler hypothesis H will be confirmed, because on 

average: 
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which, as was shown above, means that H is better confirmed than G. 

 

3: Diverse Observations 

The confirmational value of diverse observations (also known as the Confirmational Significance 

of Evidential Diversity (CSED)) has been accounted for in different ways by Horwich (1982), Howson and 

Urbach (1993) and Earman (1992). The version that I present here is simpler and more basic, but less 

general, than these. Imagine that we take two observations, E and F. Bayes’ theorem tells us that: 
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Assuming that the hypothesis H, along with appropriate auxiliary hypotheses which are left out 

for clarity, entails the observations E and F, we get: 
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If the two observations are now E and G, and G is also entailed by H and its associated auxiliary 

hypotheses, we have: 
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Now let us assume that F and G have the same unconditional probability. One way in which F and 

G could differ is that E and F are a more diverse pair of observations than E and G. One implication of this 
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is that P(G|E) is less than P(F|E). For example, if E is positive evidence for F, but irrelevant to G, then 

P(F|E) > P(F) and P(G|E) = P(G), hence P(F|E) > P(G|E). 

If P(F|E) > P(G|E), then the equations above show that P(H|E∧F) < P(H|E∧G), in other words, 

greater diversity of confirming observations, other things being equal, results in greater posterior 

probability (and hence stronger confirmation). 

As an example of this, imagine that H is a theory that all mammals produce a certain protein, and 

E is the fact that mice produce that protein. If we want to test this theory and we already have evidence E, 

it is usually better to examine chimps for the protein than to examine rats. A test of mice and of chimps 

counts as more diverse than a test of mice and of rats. The reason for this is in the network of conditional 

probabilities that the biologist brings to bear, in which (usually) the probability that rats make the protein 

given that mice make it, is quite high and the probability that chimps make it, given that mice make it, is 

relatively low. 

It might be objected that this is an insufficient explanation of CSED, because although it shows 

one hypothesis is confirmed more by diverse evidence than by similar evidence, there is an alternative 

phrasing of CSED. This says that, of two hypotheses, the one which makes E and F more diverse is 

confirmed more strongly by the observation of E and F. However, this latter proof can be found in the 

following form of Bayes’ Theorem: 
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It seems plausible that Bayes’ Theorem could be used to generate similar explanations of other 

confirmational virtues. 

Is Bias Essential to Science? The Value Neutrality Thesis 

The idea that scientific progress can be defined in terms of a set of motivations is an extreme 

manifestation of the idea that science ought to be free of non-epistemic motivation. This latter principle, 

known as the value neutrality thesis (VNT), has come into disrepute for some philosophers because of 

arguments that it is the social process of mutual criticism rather than any individual attitude that it essential 

to science. This section examines some of these arguments. 

One challenge comes from Longino (1990), who claims that science unavoidably involves 

contextual values (her term for non-epistemic values) but argues that scientific knowledge can still claim 

objectivity, in that it is the product of an ongoing process of social criticism which minimises the effect of 

individual biases. Allchin (1998) makes a similar argument; that since, historically, the biased motivations 

of different groups of scientists have cancelled out (such as male and female scientists considering the 

significance of male and female brain capacity), it is desirable that scientists have at least some value 

biases. Morton (1987) argues that value bias motivates productive experiments that would not otherwise be 

conducted. His challenge to VNT points out that if a scientific discovery is genuinely revolutionary, then 
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its prior probability before it is discovered is extremely low, hence there is no strong rationale to perform 

the experiment unless one is motivated to accept that the experiment will have the surprising, revolutionary 

outcome. 

Any theory of science must admit that it is historically true that scientific knowledge emerges 

from the mutual criticism between advocates of different theories. This does not necessarily conflict with 

the value neutrality thesis unless we specify that the various advocates must have value biases towards 

their respective theories. However, there are other ways in which scientists may favour a theory. They may 

have different background information, in that they may have had different informal experiences which 

have shaped their beliefs or they may have studied different subsets of the existing evidence. 

Imagine a theory which is very elegant and empirically successful, but which has a consequence 

that “everybody knows” cannot be true, i.e. it is so implausible it is not considered worth testing. Most 

scientists think this consequence will disappear when the theory is worked out more carefully, or when an 

auxiliary hypothesis is replaced. Imagine, though, that after a close examination, one scientist decides that 

the highly implausible prediction cannot be separated from the successful predictions, and therefore what 

“everybody knows” to be false might turn out to be true after all. In this situation, a prediction which is 

highly implausible to the community as a whole is plausible enough for one scientist to justify testing it. 

We did not have to imagine any value biases to create this scenario: everybody involved can be ideally 

rational. 

We saw earlier that research priorities among different subjects (interpreted in the model as the 

relative sizes of the values of truth c for different inquiries) are not rationally constrained. For instance, one 

scientist is very interested in true predictions of D but uninterested in E, whereas another finds E very 

important and D insignificant. When theory H comes along that accurately predicts D but is wrong about 

E, the two scientists may well differ on whether to accept it. This is a non-rational disagreement: not 

violating scientific rationality but not required by it either. These kinds of disagreement could lead one 

scientist to perform an experiment which for others was not worthwhile. 

To say that there ought to be value biases influencing scientists away from the dominant paradigm 

is compatible with VNT if we recognise that there may already be biasing influences towards the dominant 

paradigm, in the form of social pressure, or the conditions for professional advancement. Value biases for 

and against a particular opinion cancel out within the context of an inquiry, so if we accept that there are 

existing biases towards the dominant paradigm, then a plea for value bias against that paradigm is in effect 

a plea for inquiry to be purely epistemically motivated. 

The fact that science has historically been a social product of mutual criticism does not constrain 

us to adopt a definition of science which makes this necessary. Doing so would conflate the historical 

practice of science with its epistemic significance, ruling out the possibility that science might be done 

differently from the way in which it is usually done by scientists, yet still have the success that it aims for. 

Hence arguments such as Longino’s and Allchin’s can co-exist with VNT if they are interpreted as 

contingent features of science imposed by human psychology, whereas VNT is interpreted as a logical 

ideal.  
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In Part 5 we will compare epistemically-motivated and biased attitudes to inquiry, and also 

compare epistemically-motivated and biased approaches to debate and to the defence of one’s opinions. 

Value biases decrease the subjective value of new information and give a disincentive to subject one’s 

opinions to criticism. In light of this, arguments such as Longino’s and Morton’s can be interpreted as 

arguments for the value-neutrality thesis, because they posit a genuinely investigative attitude and 

receptiveness to criticism as essential to science. 

MacCoun (1998) contrasts inquisitorial and adversarial processes of inquiry. The norms 

conventionally associated with science are that it should be inquisitorial, i.e. the objective assessment of a 

range of evidence by a disinterested inquirer. However, on questions with a political significance, for 

example with a bearing on racial and gender differences, the environment or the origins of sexual 

orientation, what actually happens is an adversarial process, in which groups of researchers committed to 

different sides of the debate comb each other’s data and arguments for errors. MacCoun warns that this 

latter state of affairs potentially makes for thorough scientific investigation only if certain other conditions 

are met, which are not usually met by science as it is practiced. These conditions are drawn from analogy 

with the adversarial legal system. Firstly, dedicated advocates of a particular point of view should be 

identifiable as such (e.g. they should say in which capacity and from which stance they are giving a 

particular opinion), rather than mistaken for objective inquirers. Secondly, there should be a plurality of 

such advocates for different perspectives. Thirdly, the debate should take place in a context where the 

standard of proof is clear and where a recognised authority (a judge or jury) decides which if any party has 

reached that standard. Fourthly, all the different possible answers to a question should be available for the 

final decision. 

The problem posed by adversarial science is how to arrange the various biased parties into a 

system which itself counts as a scientifically rational decision maker. MacCoun’s warnings can be read as 

suggestions for how this might happen, working from the plausible assumption that the legal system 

usually achieves this. The system developed in this Part also warns us that when trying to identify 

“dedicated advocates” we should distinguish between 1) inquirers who accept H because of value bias and 

2) those who are epistemically motivated and have a high probability of H. However, this distinction might 

be difficult to make in practice.  

MacCoun’s fourth suggestion (that all possible answers to a question should be available when the 

conclusion of the inquiry is being decided) could be interpreted as providing an argument that science 

should be inquisitorial rather than adversarial (and hence that individual researchers should be 

epistemically motivated) which depends on the fact that the true answer to a question is not necessarily 

represented in the available positions. If there are competing advocates of hypotheses A and B, one of 

whom has to “win”, then the resulting conclusion will be A or B even if the true answer is C. An 

inquisitorial, ideally epistemically motivated scientist does not have to accept one of the available answers; 

they would be content to withhold opinion because there is insufficient certainty.  

Intemann (2000) claims to have a counter-example to the VNT. Consider the inquiry of whether 

or not a particular person has depression (or a similar mental illness). This involves some judgement about 
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whether they are functioning properly. This in turn requires some judgements about what the proper 

functioning of a person is, or about what it is for a human being to flourish. Consider the judgement of 

whether somebody is sleeping “too much,” which might be part of a diagnosis of depression. An 

individual’s judgement about what constitutes “too much” sleep might show a lot of variation, with 

consequent variation in what counts as depression. Therefore this is a legitimate scientific inquiry that is 

inevitably affected by values in the widest sense, not just epistemic values. So, the argument goes, value 

neutrality is undermined: claims about what ought to be the case can legitimately affect claims about what 

is the case. 

Firstly, note that this counter-example requires that the diagnostic category be defined in vague 

terms of a cluster of symptoms rather than a specific organic problem. The argument does not work if the 

diagnosis at issue is one of fractured fibula or of melanoma. 

This challenge does not identify an inquiry in the sense of a specific proposition H for which a 

scientific inquirer must be motivated by non-epistemic values. Rather, there is a term, “depression”, which 

is so vaguely defined, that it can be interpreted in widely different ways, with the result that different 

therapists claiming that a given person has depression are in effect making different claims. The individual 

inquirer’s values may affect which proposition they choose to investigate, and unavoidably so if there is no 

agreement on what specifically constitutes depression, but this does not mean that those individual values 

act as value biases on the conduct of the inquiry itself. Within the context of any one specific inquiry, it is 

still true that ideal scientific inquirers should not be biased to one conclusion or the other by their own 

judgements of what makes a good or full life. 

If this vagueness in the key term is taken to the extreme – consider the task of deciding whether 

somebody is a “bad person” – then the inquiry can no longer be called scientific. Hence the very feature of 

the concept of depression that makes it useful in Intemann’s argument undermines it as a scientific concept. 

VNT is only meant to apply to scientific inquiry, hence in so far as the concept of depression fails to be 

scientific, it is irrelevant to VNT. 
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Summary 

• Scientific rationality can be defined in terms of the distinction between epistemic and non-

epistemic motivation. The scientific rationality invoked here is not the same as the basic 

rationality assumed in intentional explanation. It is also a separate concept from that of 

instrumental rationality, although as defined here scientific rationality is just instrumental 

rationality with respect to epistemic goals. 

 

• As an argument that science should be so defined, we can consider the distinguishing properties 

that epistemically motivated agents would have, as opposed to the properties of non-epistemically 

motivated agents. We see that the resulting distinction is a good match for existing informal and 

philosophical distinctions between science and pseudo-science. 

 

• From a premise of implicit assertion (that the assertion of a proposition can involve the assertion 

of what is collectively seen to be a consequence) and a premise that assertion is constrained (i.e. 

that some combinations of assertions are not possible) it follows that a purely epistemically 

motivated agent can prefer to accept meaningless or even falsified statements. Therefore the fact 

that scientists accept general laws, purely theoretical statements and theories with known 

falsifying instances is not an argument against, and could even be an argument for, the claim that 

scientists are interested purely in informative truth. 

 

• Some suggested epistemic values can be reduced to the value of informative truth using arguments 

from inductive logic. However, these arguments depend on analysing that property of theories in 

terms of probability. This is a non-trivial task and one may well disagree with a particular 

probabilistic analysis. 

 

• Some philosophers argue that science is not necessarily improved by being freed of value bias. 

However, the features that these arguments present as necessary for science (diversity of opinion 

and diversity of actively pursued inquiries) could still exist even in the absence of value bias. 


