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1. The Duhem Problem and the ‘UN’ Charter

In the beginning was the Duhem problem.

Not in any silly ‘whole of our knowledge’ sense; 

Nor that the ‘whole’ of any theory is always the smallest unit tested;
BUT rather: always more assumptions needed in any test than just the ‘central’ theory.

Leads to a number of methodological problems of which the most significant is illustrated by the following cases:

1. a. Wave theory of light predicts the interference pattern in the two-slit experiment, say

b. Corpuscular theory ‘catches up’ by supposing that there is a diffracting force and reading its characteristics off the two-slit data.
Surely want to say that the wave theory stays ahead – in this respect.

Could invoke simplicity but this would disregard the role played by the evidence: we really do, I think, want to say that the two slit experimental result continues to support the wave theory more strongly (of course part of the intuitive reason for this is at least reflected in the fact that the evidence forces ‘complexity’ on the corpuscularist).

2. (Non-comparative)

Velikovsky’s theory

‘Refuted’ by lack of records

Responds by invoking collective amnesia

The list of (otherwise record-keeping) cultures that suffered from collective amnesia is ‘read off’ the data

Velikovksy’s amended theory certainly entails ‘no records in culture C’ 

BUT intuitively not supported by it.

Examples like these motivated the claim that evidence used in the construction of a theory cannot support that theory (the UN or ‘use novelty’ rule or the ‘no double use rule: ‘you can’t use evidence in the construction of a theory and then again in its support’).

The two slit experimental result follows from the wave theory ‘naturally’ without any room for any specific assumptions that could be tailored to the facts

BUT the particular form of the diffraction force function could only (see later) be read off the experimental result.

This was why some of us signed the ‘UN charter’
, which in slogan form seems to say that ‘you can’t use the same fact twice, once in the construction of a theory and then again in its support.’  According to this ‘use novelty criterion’ or  ‘no double use rule’, theories get empirical support from phenomena that they correctly predict (where prediction is understood, as it invariably is in science, not in temporal sense but rather in the sense of ‘falling out’ of  the theory without having had to be put into that  theory ‘by hand’). Thus it yields the judgment that the (amended) corpuscular theory gets no support from the two slit experiment (while the wave theory which predicted the outcome in a way that is entirely independent of that outcome does get support from the result).
Similarly Velikovsky’s (amended) theory gets no support from the empirical fact that no records of cataclysms in culture C have been preserved.
2. ‘Refutations’ of the UN rule

HOWEVER ‘ad hoc is not a four letter word’ (Franklin).  On the contrary, it is entirely normal scientific procedure to use particular data in the construction of theories and to claim that at least part of the evidence for the theory thus constructed is the very evidence used in the construction.
Colin Howson XE "Howson"  likes to emphasise one general sort of case—standard statistical examples such as the following (see his 1990). We are given that an urn contains only red and white balls though in an unknown (but fixed) proportion; we are prevented from looking inside the urn but can draw balls one at a time from it. Suppose that a sample of size n has been taken (with replacement) of which k have been found to be white. Standard statistical estimation theory then suggests the hypothesis that the proportion of white balls in the urn is k/n ( (, where ( is calculated as a function of n by standard confidence-interval techniques. The sample evidence is the basis here of the construction of the particular hypothesis, and surely also supports that particular hypothesis at least to some (good) degree—the evidence for the hypothesis just is that a proportion k/n of the balls drawn were white.

Deborah Mayo XE "Mayo"  cites and analyses in more detail similar statistical cases that seem to count against the ‘no double use idea’ and also cites the following ‘trivial but instructive example’ (1996, p. 271). Suppose one wanted to arrive at what she characterises as ‘a hypothesis H’ about the average SAT score of the students in her logic class. She points out that the ‘obvious’ (in fact uniquely sensible) way to arrive at H is by summing all the individual scores of the n students in the class and dividing the result by n. The ‘hypothesis’ arrived at in this way would clearly be ‘use-constructed’. Suppose the constructed ‘hypothesis’ is that the average SAT score for these students is 1121. It would clearly be madness to suppose that the data used in the construction of the ‘hypothesis’ that the average SAT score is 1121 fails to support that hypothesis. On the contrary, as she writes (ibid.):

Surely the data on my students are excellent grounds for my hypothesis about their average SAT scores. It would be absurd to suppose that further tests would give better support.

Exactly so: the data provide not just excellent, but, short of some trivial error, entirely conclusive grounds for the ‘hypothesis’—further ‘tests’ are irrelevant. (This is precisely why it seems extremely odd to talk of a ‘hypothesis’ at all in these circumstances—a point to which I will return below in my consideration of Mayo XE "Mayo" ’s views.)

There is a type of counterexample to the UN ‘rule’ that plays an altogether more important role in mature science like physics than either of the above (though they are both somewhat related to it). As has been increasingly recognised in the couple of decades an important inference pattern in physics is ‘demonstrative induction’ or more revealingly ‘deduction from the phenomena’. 

‘Deduction’ of a theory ‘from the phenomena’ always of course involves taking some general principles as premises along with the ‘phenomena’ at issue.  Newton, in a complicated way that involves generalising from models known to be inaccurate, deduced his theory of universal gravitation from Kepler’s ‘phenomena’ plus background assumptions including conservation of momentum. But in order not to get lost in details, it is easier to draw the methodological morals from the much easier and straightforward (and frequently occurring) case where some general theory leaves some theoretical parameter open (i.e. no theoretical considerations dictate what the value of that parameter should be). What is a scientist to do in such a circumstance except use some data to pin down the value of that parameter; and won’t that data support the particular theory thus constructed?
(Only alternative seems to be to conjecture boldly and test and this is mad.)

Here’s one deliberately very simple example:

Suppose a mid-19th Century scientist already accepted the general wave theory of light—the theory that light from any particular source consists of waves of some wavelength or other transmitted through the luminiferous aether.

This general theory does not specify the wavelength of any particular kind of monochromatic light—say light from a sodium arc.

The scientist would like a more detailed theory that does specify that wavelength. 

Rather than attempt to conjecture a value, she would ‘deduce’ the specific theory, involving the specific value of the wavelength, ‘from the phenomena’.

She would look for some consequence, e, of her general theory T, where e characterises some observable magnitudes (slit distances and fringe separations in some particular experiment, say) as a one-to-one function of the wavelength. She would perform the experiment using light from a sodium arc, measure the magnitudes at issue—call the result of this measurement e´—and use e’ to infer to a more specific theory T´.

So, for example, subject to a couple of idealisations, it follows from the general wave theory that, in the case of the famous two-slit experiment, the (observable) distance X from the fringe at the centre of the pattern to the first fringe on either side is related to (theoretical) wavelength , via the equation X/(X2 + D2)1/2 = /d (where d is the distance between the two slits and D the distance from the two-slit screen to the observation screen—both of course observable quantities). It follows analytically that = dX/(X2 + D2)1/2. But all the terms on the right hand side of this last equation are measurable. Hence particular observed values e’ will determine the wavelength (within of course some small margin of experimental error), and so determine the more specific theory T´, with the parameter that had been free in T now given a definite value—again within a margin of error.

Far from being scientifically questionable, this is, to repeat, entirely standard (and patently legitimate) scientific procedure.

Of course, as already remarked,  ‘deduction from the phenomena’ always means in fact “deduction from the ‘phenomena’ plus background assumptions that are regarded (for the time being at least) as ‘given’”. In the above simple case, the general wave theory with free parameter is given, and we can deduce the more specific version with the parameter value fixed, from that general theory plus the experimental data.
The more impressive cases  – Newton’s deduction of his theory of universal gravitation from the phenomena, the much more recent attempt, outlined by Will and analysed by Earman, to deduce a relativisitic account of gravitation from phenomena -  are cases where some background principles of extreme generality that seem natural (even in some sense ‘unavoidable’) are taken as premises and the data, gradually by a process that can either be characterised as parameter-fixing or equivalently as demonstrative induction, cut down the possibility space delineated by those very general principles until, it is hoped, just one possible theory is left.  Clearly such a deduction if possible is very powerful – it shows, if fully successful, that the representative of the very general background assumptions is dictated by data to be one particular theory. The data e in such a case therefore provides powerful support for that particular theory in a very clear and significant sense: the data dictate that if any theory that satisfies these natural assumptions can work then it must be the particular theory at issue. In the more straightforward wave theory case, the data from the two-slit experiment uniquely pick out the more particular theory T’ (with precise value for the wavelength of light from the sodium arc) as the representative of the general wave theory. If you hold the general wave theory already then data dictate that you hold T’.  This seems intuitively again like very strong support;  however it is clearly support of a conditional kind, support that relies on the given background theories being accepted.  The data at issue cannot themselves test or provide support for those background theories.  This is true in all cases of deduction from the phenomena but is particularly apparent in our simple case.  Any result of the two-slit experiment would have led to some evaluation of the wavelength of sodium light and hence to  some particular version Ti of T – so there is no chance of finding T itself to be wrong using just this result.  
In Deborah Mayo’s much simpler initial case the general background principles are analytic – stating in effect just what the notion of an average means. (This is another way of looking at the reason that it seems strange to talk about a ‘hypothesis’ here.)

In the standard statistical estimation case cited by Howson, the basic model is again treated – or so we are supposing - as a given: it is taken that this is a Bernouilli process with fixed probability p. {This does not preclude the possibility that we have looked for evidence that the actual process of drawing balls from an urn is a Bernouilli process by for example ensuring that the urn has been vigorously shaken between each draw of a ball. But it does mean that the evidence that we have drawn k out of n balls that were white cannot be the evidence that does support this underlying assumption.} Of course in this case we do not deduce the interval estimate for the proportion of white to black balls from the data provided by the sample, but instead quasi-deduce it according to standard statistical technique – but the process is obviously closely analogous.

It certainly seems reasonable in all these cases to regard the ‘phenomena’ (i.e. the evidence) from which a theory is deduced (or ‘quasi-deduced’) as confirmation of or support for the deduced theory.

So, for example,  in the wave theory case the result of the two slit experiment using light from the sodium arc establishes the specific version of the wave theory with the wavelength of that light fixed – and what better support or confirmation could there be than that?
Notice however the crucial dependence of the deduction and hence of this judgment of empirical support on the pre-acceptance of the ‘background’ general wave theory. The logic is very simple: from T(λ) with free parameter λ (corresponding to the wavelength of light from in our case a sodium arc) plus evidence e about slit separations and fringe distances in the two-slit experiment we deduce (properly deduce!) the ‘specific’ theory  T(λ0).  Anyone who already accepted the general wave theory, would therefore take the evidence e here as proof of the specific version T(λ0) and again what better confirmation could there be than proof?
This means, it should also be noticed , that the sort of theoretical manoeuvres that get ad hocness a bad name also fit the model of ‘deduction from the phenomena’ (at least to a good approximation).
Consider, for example, the Velikovsky dodge outlined above. We can readily reconstruct Velikovsky’s overall general theoretical framework involving not just his assumptions about Jupiter but also about how the (alleged) subsequent terrestrial cataclysms would be reported by appropriate scribes, as employing a free parameter corresponding to whether or not the scribes in society S were afflicted by collective amnesia.  And then his more specific theory involving claims about which societies were, and which were not, afflicted by collective amnesia, would follow deductively from this general theory plus the ‘phenomena’.
3. Two qualitatively distinct kinds of ‘confirmation’ or ‘empirical support’ – how to get the best of both worlds

How then can we arrive at a theory of empirical that both preserves the intuitions behind the original UN position and deals with the apparent refutations of it?

Once you think about it clearly, the answer, so I argued in earlier work (2002 and 2006), is pretty obvious. There are two quite distinct types of confirmation. Confirmation1 is purely intra- framework or intra- research programme support.  This is the sort of empirical support produced by deductions from the phenomena: the lack of records in culture C gives you very good reason for holding the collective-amnesia version of Velikovsky’s theory IF you already hold Velikovsky’s general theory, BUT (and this is where the initial UN intuitions come in) it gives you absolutely no reason at all for holding that general theory in the first place (though there may of course be other empirical reasons for doing so); the data from the two slit experiment give you very good reason to hold the specific version of  the wave theory with the particular value of the wavelength for light from a sodium arc IF you already hold the general wave theory, BUT they give you absolutely no reason at all for holding that general theory (although of course there may  - and in this case there actually were – other empirical reasons for doing so).
But not all confirmation can have this conditional intra- programme character. We do after all believe that some general theories – the wave theory of light, but not the general Velikovsky theory –have independent empirical support: that is, that there are empirical reasons for holding those general theories ahead of the sort of conditional confirmation (or demonstration) of some particular version of them .  How can this be – especially in view of the fact that the Duhem thesis implies that all confirmation is of general theories plus extra assumptions?  There clearly must be cases where the confirmation ‘spreads’ from the theoretical framework (central theory plus specific assumptions) to the central theory of the framework.
There seem in fact to be two kinds of case. The first is easy to describe: having used data to fix the value of some parameter in a general theory, that new specific theory complete with parameter-value, as well of course as giving back what you gave it by entailing the ‘used’ data, may go on to make further predictions independent of the used data.  Thus for example the general wave theory entails not only a general functional relationship between wavelengths and quantities measurable in the two-slit experiment, it also entails another general functional relationship between wavelengths and quantities measurable in other experiments – for example, the one slit diffraction experiment. Thus having gone from T(λ) with free parameter λ  plus evidence e about slit separations and fringe distances in the two-slit experiment to the ‘specific’ theory  T(λ0), T(λ0) not only entails the original two-slit data e (of course!), it also entails independent evidence e’ about the fringe distances observed in the one-slit experiment.  Similarly Adams and Leverrier, having used evidence e about the Uranian ‘irregularities’ to deduce the existence of a further planet produced a modified Newtonian framework that not only gets e, that is Uranus’s orbit, correct (of course it is bound to) but also makes independent predictions e’ about Neptune. The independent evidence e’ – the one slit result in the case of the wave theory and the positions of  Neptune in the Adams-Leverrier case – gives, I claim, unconditional support to the general underlying theory: not just to the wave theory made more specific by fixing parameter λ, but the theory that light consists of waves through a medium itself; not just to the Newtonian system that is committed to a particular assumption about the number of planets but to the fundamental Newtonian theory itself.

Given that in both the wave theory and Newtonian cases, the specific theory constructed using evidence e, turns out to be independently tested and confirmed by evidence e’ (in contrast of course to the Velikovsky case where there is no independent testability), it might seem reasonable to count the used evidence as itself supportive – given that Adams and Leverrier- amended Newton makes correct predictions about Neptune, the evidence about Uranus’s orbit from which it itself was ‘deduced’ can count as evidence for it too.  But this seems to me to be wrong as well as unnecessary.  If Velikovsky is to get only conditional support from the lack of records in culture C, then, since the logic is exactly the same, so should the amended Newton theory from the evidence concerning Uranus. The difference between the two simply being that Newton’s theory garnered lots of the unconditional kind of support, while Velikovskian specific theories have only support conditional on a framework which itself has no support.  
There is one respect in which matters are sometimes more complicated. Not invariably, but certainly reasonably often, the value of a parameter within a powerful general theory is overdetermined by the data.  Indeed this is bound to be true whenever, as in the wave theory case discussed above, the fixing of a parameter via one experimental result leads to a theory that is (successfully) independently testable via a further experimental result.  The general wave theory entails a number of functional relationships between a wavelength – clearly a theoretical parameter – and measurable quantities in a range of different experiments. So for example a mid-19th century wave theorist could just as well have used the results from the one-slit diffraction experiment to fix the value of the wavelength of monochromatic light from some particular source and then gone on to predict the outcome of the two-slit experiment performed using that same light as, as I earlier envisaged it, vice versa – that is, using the result of the two slit experiment with light from that source to fix the value of wavelength and then going on to predict the fringe distances in the one-slit experiment. In general, there may be a series of experimental results e1, … en, any (proper) subset of which of some size r can be used to fix parameter values and then the underlying general theory predicts the remaining n-r pieces of evidence.  There is clearly no a priori guarantee that the set of data e1, … en admits any consistent assignment of values for the theoretical parameter at issue – it will do so, if but only if, the results of the n-r independent tests of the theory once the parameter has been measured using r of the results are positive.  Clearly then, in cases where this does indeed happen, the data set e1, … en tells us something positive about the underlying theory.  It would not seem unreasonable to say, indeed, as I believe Deborah Mayo would, that this data set is both used in the construction of the theory and at the same time  ‘severely’ tests it. However this is surely a coarse-grained judgment. What really ought to be said is that part of the evidence set fixes parameters in the underlying general theory and part tests the resulting more specific version of the theory.  It is just that in a case like this it doesn’t matter which subset of size r you think of as doing the parameter-fixing and which remaining subset of size n-r you think of as doing the testing. This may seem an unnecessary quibble, but suppose we had two theories T and T’ one of which, say T, has no relevant parameters left free and entails e1, … en,  straight off; whereas T’ involves parameters that are left free by theoretical considerations and need to be fixed using r of the evidential results. Surely we would want to say in such a circumstance that e1, … en,  supports T more than it does T’ – if so then there must be some confirmational deduction for parameter fixing: intuitively T gets n lots of confirmation from the data set, while T’ gets only n-r.
I said that there are two kinds of cases where support is unconditional – ‘spreading’ from the specific theory that entails the evidence to the underlying general theory. The first of these is the case of independent testability as we just saw. The second type is equally important. This sort of confirmation (again: of the general underlying theory, rather than of some specific theory, given the general underlying theory) is provided in cases in which, roughly speaking, some prediction ‘drops out of’ the basic idea of the theory. Here’s an example.

The explanation of the phenomena of planetary stations and retrogressions within the Ptolemaic geocentric theory is often cited as a classic case of an ad hoc move. The initial geocentric model of a planet, Mars say, travelling on a single circular orbit around a stationary Earth, predicts that we will observe constant eastward motion of the planet around the sky (superimposed, of course, on a constant apparent diurnal westward rotation with the fixed stars); this is directly refuted by the fact that Mars’s generally eastward (apparent) motion is periodically interrupted by occasions when it gradually slows to a momentary halt and then begins briefly to move ‘backwards’ in a westward direction, before again slowing and turning back towards the east. The introduction of an epicycle of suitable size and the assumption that Mars moves around the centre of that epicycle at a suitable velocity while the whole epicycle itself is carried around the main circular orbit (now called the deferent) leads to the correct prediction that Mars will exhibit these stations and retrogressions. Although not as straightforward as normally thought, this case surely is one that fits our first, entirely conditional, kind of confirmation—if you already accept the general geocentric view, then the phenomena of stations and retrogressions give you very good reason to accept (and in that sense they strongly confirm) the particular version of geocentricism involving the epicycles.
 However the fact that stations and retrogressions are ‘predicted’ (better: entailed) by the specific version of geocentricism with suitable epicyclic assumptions gives absolutely no further reason to accept (and so no support for, or confirmation of) the underlying basic geocentric (geostatic) claim.

The situation with Copernican heliocentric (or again, rather, heliostatic) theory and planetary stations and retrogressions is, I suggest, entirely different. According to the Copernican theory we are, of course, making our observations from a moving observatory. As the Earth and Mars both proceed steadily eastward around the sun, the Earth, moving relatively quickly round its smaller orbit, will periodically overtake Mars. At the point of overtaking, although both are in fact moving consistently eastward around the sun, Mars will naturally appear, as observed from the Earth, to move backwards against the background of the fixed stars. Planetary stations and retrogressions rather than needing to be explained via specially tailored assumptions (‘having to be put in by hand’ as scientists sometimes say), drop out naturally from the heliocentric hypothesis. Copernican theory, in my view, genuinely predicts stations and retrogressions even though the phenomena had been known for centuries before Copernicus XE "Copernicus"  developed his theory. (I am talking here about the qualitative phenomenon not the quantitative details which, as is well known, need to a large extent to be ‘put in by hand’ by both theories—and courtesy of multiple epicycles in Copernicus no less than in Ptolemy XE "Ptolemy" .
)

The way that Copernicus XE "Copernicus" ’s theory yields stations and retrogressions may, indeed, seem to be so direct that it challenges Duhem XE "Duhem" ’s thesis: doesn’t the basic heliocentric hypothesis on its own, ‘in isolation’, entail those phenomena? This is a general feature of the sort of case I am trying to characterise: the way that the confirming phenomenon ‘drops out’ of the basic theory appears to be so direct that scientists are inclined to talk of it as a direct test of just the basic theory, in contradiction to Duhem’s thesis. But we can see that, however tempting this judgment might seem, it cannot be literally correct.

No theory T, taken ‘in isolation’, can deductively entail any result e, if there is any assumption A which is both self-consistent and consistent with T and yet which together with T entails not-e. So in the case we are considering, if the basic Copernican theory alone entailed stations and retrogressions, then there would have to be no possible assumption consistent with that basic heliocentric claim that, together with it, entailed that there would be no stations and retrogressions. But there are such possible assumptions. Suppose for example that the earth and Mars are orbiting the Sun in accordance with Copernicus XE "Copernicus" ’s basic theory. Mars happens, though, to ‘sit’ on an epicycle, but only starts to move around on that epicycle when the Earth is overtaking Mars and does so in such a way as exactly to cancel out what would otherwise be the effects of the overtaking (that is, the station and retrogression). Of course this is a monstrous assumption—but it is both internally consistent and consistent with the basic heliocentric view. The existence of this assumption implies that, contrary to first impressions, Duhem XE "Duhem" ’s thesis is not refuted in this case: the heliocentric hypothesis alone does not entail the phenomena.

However those first impressions and the monstrousness of the auxiliary necessary to ‘prevent’ the entailment of stations and retrogressions both reflect just how ‘natural’ the extra assumptions are that are necessary for heliocentricism to entail the phenomena. All that needs to be assumed, in addition to the basic idea that Mars and the Earth are both orbiting the sun, is that the Earth (which has an observably smaller average period) moves relatively quickly round its smaller orbit and hence periodically ‘laps’ Mars.
So in summary: I claim that there are two different ways in which evidence can supply empirical support for a theory – the first supports some theory conditionally, dependent on the acceptance of some general background assumptions though without lending any support to those general background assumptions, the second supports both the specific theory that entails the evidence and the underlying assumptions.
4. Deborah Mayo’s alternative: confirmation is all about severe tests

How do these views of mine on confirmation compare with the influential and more highly developed views of Deborah Mayo?  There seem initially to be several striking similarities.  Deborah holds, just as I do, that, while the ‘UN rule’ yields the intuitively correct results in a range of cases, it cannot be generally correct since it contradicts some clearly valid judgements about support in other cases. Her bold and challenging idea is that all cases, both those that satisfy the UN rule and those that conflict with it, are captured by one single underlying notion that is at once seemingly simple and powerful: the notion of a severe test.  Confirmation of a theory always for her results from that theory’s surviving a severe test.  Echoing Popper, of course, she holds that hypotheses gain empirical credit only from passing genuine tests; and the more severe the test, the higher the confirmation or support, if the theory passes it.

The defenders of the use-novelty account hold that evidence used in the construction of a hypothesis cannot provide a genuine test of it and hence cannot supply genuine confirmation. Underlying their view, on Mayo’s analysis, is the initially plausible-sounding claim that a severe test is one that a theory has a high probability of failing. Hence, so  those supporting this view argue, the UN rule is correct since evidence e used in the construction of T cannot possibly test T, as there is no chance of T’s failing the ‘test’ whose outcome is e.  However plausible this may sound, argues Mayo, it in fact misidentifies the probability that we should be concerned to maximise and hence misidentifies the real notion of a severe test: accentuating the negative, a non-severe test is not one that has a high probability of being passed by a theory, but rather one that has a high probability of being passed by the theory, even though the theory is false. As she puts it ‘what matters is not whether passing is assured but whether erroneous passing is’ (op. cit., pp. 274-5).

Thus in cases where the ‘no double use rule’ delivers the correct answer (she cites ‘gellerized hypotheses’, but also presumably the Velikovsky case cited above) the ‘test’ at issue was non-severe: there would be a good chance of the modified Velikovsky theory passing the test of no records of suitable cataclysms in culture C even though that theory were false. On the other hand, in those cases where the no-double-use rule goes wrong, such as her SAT score example, while admittedly there was no chance of the ‘hypothesis’ that the average score of her class is 1121 not passing the ‘test’ arrived at by adding the N individual scores and dividing by N, the ‘test’ was nonetheless genuine and indeed maximally severe since there was no chance of the ‘hypothesis’ passing the test if it were false.  Similarly in standard statistical estimation cases, such as the one cited by Howson, assuming that we have some reason to think that the general model being applied really does apply to the real situation (so for example we shake the urn after every draw in the hope that the individual draws will be probabilistically independent as the model supposes), then using the observed result of k out of n balls drawn being white to construct the hypothesis that the proportion of white balls overall in the urn is k/n ± ε where ( is calculated as a function of n and the chosen significance level by standard confidence-interval techniques does not preclude the sample relative frequency e of k/n red balls being good evidence for our hypothesis. Even though e was thus used in the construction of h, e constitutes a severe test of h because there was little chance of h passing the test resulting in e if it were false. (Indeed taking on board standard frequentist statistical theory we can of course readily calculate the probability – usually .05.)   
Despite being a colleague of Nancy Cartwright’s, there are few bigger fans of unity than I.  And here is Deborah Mayo offering a unified alternative to my two kinds of confirmation view – the “two kinds” are in fact just two special cases of the one underlying idea that good evidence is supplied by the positive outcomes of severe tests.  Wouldn’t it be churlish of me to turn this offer down and reject the call to the error paradigm?  Moreover, so Deborah assures me, were I to join then I could avail myself of precise characterisations of notions such as that of an empirical prediction ‘falling out’ of a theory which are important to my view of confirmation but which are left as merely suggestive notions within it.
Despite these enticements, I feel, as yet, reluctant. This is basically for 2 somewhat interrelated reasons:
1. There seem to me to be a number of unclarities or outright problems in Deborah Mayo’s position; and 
2. It just seems to be true that there are two quite separate uses of evidence within science – using evidence in the construction of a theory is a quite different matter than using evidence to test it by ‘probing for errors’; Mayo’s attempt to construct a one size fits all account where all (positive) uses of evidence in science are regarded as the passing of a severe test is itself an error. (Einstein is reported as having said that physics should be as simple as possible, but not more so! The same surely applies to meta-science.)

Let’s begin with the already much discussed SAT score case.  As already remarked, it does seem extraordinary to call the assertion arrived at about the average SAT score of Mayo XE "Mayo" ’s students an ‘hypothesis’, and at least equally extraordinary to call the process of adding the individual scores and dividing by the number of students a ‘test’ of that claim. Of course had someone made a ‘bold conjecture’ about the average score, then one might talk of the systematic process of working out the real average as a test of that conjecture. But boldly conjecturing would clearly be a silly way to proceed in this case, and, as already remarked, not one that would ever be used in science. As it is, the process of adding the individual scores and dividing by the number of students surely is a demonstration that the average score is 1121, not a ‘test’ of the ‘hypothesis’ that this is the average score.

More importantly, since we all agree that the evidence here is conclusive for the ‘hypothesis’ and it doesn’t really matter how we choose to express this, this case seems to me to highlight a problem with applying Mayo’s central justification for all confirmation judgments.  In the circumstances (and assuming that both the data on the individual students and the arithmetic have been carefully checked) there is no chance that the average SAT score is not 1121.  Now although Mayo talks liberally about the probability of a theory’s passing a test, she has made it clear that she is not to be understood as invoking formal probabilities here under any interpretation but instead to be talking in some ‘intuitive sense’.  Notice, however, that if the claim about the SAT score ‘hypothesis’  were, as seems entirely natural, interpreted as a conditional probability (p(T passes the test with e/T is false) we would be being asked to make sense of a conditional probability where the conditioning event (the claim’s being false) has probability zero; and indeed asked not only to make sense of it but to agree that the conditional probability at issue is itself zero. It is well known, however, that—at any rate in all standard systems—p(A/B) is not defined when p(B) = 0. As for operating in a more intuitive way, I confess that I have no idea what it means in this case, even ‘intuitively’, to imagine that the average score is not 1121, when the individual scores have been added and divided by N and the result is 1121!

In correspondence Deborah tells me that I should have such intuitions ‘because the next time you set out to use your estimation tool it may NOT BE 1121.’  Well, maybe she can give me more hints on how to develop the necessary intuition, but this one just doesn’t work for me: surely – again short of making some trivial arithmetical error – it just would have to yield 1121 again with this particular group of students; if you were to arrive at any other figure you just wouldn’t be taking the average. And if she means that it might not be 1121 for some different group of students then of course this is true but it would still be the group average! (The inability to understand this condition may, by the way, be what underlies Hitchcock and Sober’s comments that Mayo criticises rather than any simple misinterpretation of her views.)
Perhaps it could be argued that this is simply a problem for this admittedly extreme case. But there are other problems with Mayo’s account of severity and the associated intuitive probability judgments that underpin it. One way that she likes now to put the connection between ‘no double use’ and severity is this:
It would seem that ‘if H is use-constructed then a successful fit (between H and [data] x) is assured, no matter what.’ However the ‘no matter what’ may refer to 

‘(a). No matter what the data are, or

(b). No matter if H is true or false.’

In cases where the no-double-users mess up, (a) is true (as always with double use cases), but (b) is false. In cases in which no double use correctly applies, on the other hand, condition (b) is also true – that is,  both conditions(a) and (b) must be met if x is to fail to represent a severe test. I have said that it seems impossible to me to make sense of condition (b) in the SAT score case. But there are problems with condition (a) too – and ones that apply across the board.   

The collective-amnesiaised version of Velikovsky, V’, is ‘use-constructed’ from the data e concerning the societies from which we have or have not appropriate records of suitably dated ‘catastrophes’.  What surely remains correct from the original UN position is that we can legitimately say something negative about Velikovsky’s theory V’ and ‘support’ from the data e. So this is a case where the no double use idea ought to apply in some way or another.  Is it true that Deborah Mayo’s condition (a) applies? That is, is it true that a successful fit between V’ and data x is ‘assured no matter what the data are’.   Well of course if the data were anything other than they in fact are, say they were e’ (that is a different list of otherwise record keeping cultures would have left no records of suitable cataclysms), then V’ (that is the particular version of the general Velikovskian theory actually constructed from the real data e) would conflict with this supposed data e’: some cultures alleged by V’ to have suffered from collective amnesia would have records of catastrophes and/or some cultures having no such records will not be alleged by V’ to have suffered collective amnesia. Had the data been different then the Velikovskian would not have been proposing V’ but instead some rival V’’that evaluated the “collective amnesia parameter” differently. 

It seems, then, to be straightforwardly untrue that a successful fit between V’ and e is assured no matter what e is.  Nor can we rescue the situation by allowing grades of severity and hence the intuitive ‘ probabilities’ discussed earlier. It again makes no sense to me to say that the test offered by e of V’ is non-severe because there is a high probability of V’ fitting the data no matter what those data are.  Within the context of the general Velikovsky theory with free ‘collective amnesia parameter’, we can derive the biconditional V’ iff e: that is V’ would definitely not have fit had the data been different than it in fact was.  
It is not the successful fit of a particular hypothesis with the data that is guaranteed in these sorts of case, but rather the fit of some particular hypothesis developed within the underlying general framework.  We again need to recognise that, as my account suggests, there are two separate issues – the confirmation of a theory within a general framework (e maximally confirms V’ given e and V) and confirmation of a specific theory within a general framework that ‘spreads’ to the underlying general theory (not true in this Velikovsky case exactly because the general theory places no constraints on the relevant parameter, the value of which can be read off whatever the data turn out to be).

[I should express, if only within parentheses since it is a very big issue, my general scepticism about the use of probability (even in some sort of alleged intuitive sense) to capture our judgments in this area.  While it does seem intuitively attractive to say that the dramatic predictive successes enjoyed by accepted theories in physics would be extremely improbable if those theories were not at least approximately correct., there are notorious problems in making such a claim precise. One major problem is of course that of the ‘reference class’ – what repeatable experiment whose outcome is the production of particular theory T has a low probability of producing a theory that like T enjoys the predictive success with some striking phenomenon e? Another problem is that even to get close to an acceptable probabilistic account we surely need to bring in prior probabilities in some sense or other. Like Deborah Mayo, I have been critical in a number of places of the attempt to capture all intuitively correct scientific reasoning in personalist Bayesian terms. But reference to prior probabilities is surely not – as Deborah Mayo herself sometimes seems to hold – the exclusive prerogative of the personalist Bayesians.

Even in cases that she herself likes to cite we surely do need to bring in prior probabilities in some sense to produce sensible views of the reliabilities of certain procedures. Take her fender bender case: suppose that the dents on her car fit very closely the pattern to be expected if they were produced by a ‘Chelsea tractor’ (4-wheel drive SVU(= American term?)) (prob(dent pattern D/ car hit by SVU) = high; surely the judgment that it is unlikely that you would see a dent like that if it were not caused by an SVU(?) must, to be sensible, be informed by a judgment of how likely it is that an SVU was involved in the first place; suppose that in Blacksburg you had a very enlightened local government set-up who had banned all 4x4’s unless some agricultural or commercial need could be established so that 4x4s are very rare in the area – surely that fact would have to play a role in your judgment of how likely it was that her car would have had the dent that it did had it not been caused by a 4 x4.

Certainly you don’t have to be a card-carrying Bayesian to recognise the need to remember that, as my wife tells her medical students,  ‘common things are common’ or in the adage quoted somewhere by Peter Achinstein ‘ if you hear hooves, think horses not zebras’. There are lots of medical cases where fallacious inferences are undoubtedly made on the basis of likelihoods because of ignoring the ‘base rate’ (where this of course does not need to be thought of in any subjective prior probability sense but here as reflecting the overall incidence of the disease within the population). Similarly in another case cited often by Deborah Mayo, it is notorious (or at least ought to be notorious) that a number of significant miscarriages of justice have been made by juries (and sadly and more significantlyby highly paid lawyers) confronted with DNA fingerprinting evidence because of unawareness of Bayes theorem and therefore of the necessity to take into account not only the probability of a DNA match if the person in the dock were not the person who committed the crime, but also the ‘prior probability’ that this person is guilty. Bayes theorem is a theorem whether you are a Bayesian or not!]
Let’s return to the sort of deduction from the phenomena/ eliminative induction/.parameter-fixing case that I accept is an important inference tool in science. The example I gave is deliberately a very simple one, though many other more important pieces of scientific reasoning fit the same pattern if in much more complex ways.  The simplicity of the case allows us concentrate on the pattern and not get sidetracked by the details and complexities of the science.

So we have the general wave theory that leaves the wavelengths of light from particular monochromatic sources as free parameters.  That general theory however entails functional relationships between such wavelengths and experimentally measurable quantities.  In particular, subject to a couple of idealisations, it follows from the general wave theory that, in the case of the famous two-slit experiment, the (observable) distance X from the fringe at the centre of the pattern to the first fringe on either side is related to (theoretical) wavelength , via the equation X/(X2 + D2)1/2 = /d (where d is the distance between the two slits and D the distance from the two-slit screen to the observation screen—both of course observable quantities). It follows analytically that = dX/(X2 + D2)1/2. But all the terms on the right hand side of this last equation are measurable. Hence particular observed values of these terms, call their conjunction e, will determine the wavelength (within of course some small margin of experimental error), and so determine the more specific theory T´, with the parameter that had been free in T now given a definite value—again within a margin of error. 

Does e ‘test’ T’?  Surely not in Deborah Mayo’s sense since condition (b) is not met: whether or not T’ is true the fit with e is assured, since the value of specified by T’ has been calculated precisely so as to yield e. (Notice that so long as we are talking just about the measurements of the fringes and slit distances in one experiment, this judgment does not even rely on the assumption that T’’s more general predecessor T has identified the correct functional  relationship between the theoretical and observational variables.)
Deborah Mayo has told me (personal correspondence) that this is to misrepresent her. She would not want to say that e tests T’ because it does not ‘probe the underlying [T].’ This is exactly the right judgment (though it leaves out of account the positive role that e does play with respect to T’ namely in identifying it as the  representative of T that will work if any such representative will). But then I don’t understand why she should want to say that the data in the SAT score case severely test the hypothesis about the average score for her class, or why estimates of some parameter (such as the proportion of red to white balls in Howson’s urn case) arrived at via standard statistical techniques severely test the hypothesis about that parameter, since in neither case is the underlying theory probed (indeed in the SAT course case there is no contigent underlying theory but only an analytic one). 

The attempt to see everything in terms of severe testing, and probing for error, seems to lead either to error or confusion. It surely just is the case that there are two separate roles for evidence in science: a role in the construction of theories (‘observation as theory-development by other means’ as I think van Fraassen says somewhere) and a role in testing theories, in probing them for errors. The latter is of course vastly important but it is not everything.
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� For history and  references see Worrall (2002)


� But notice that the UN charter in fact gives no role to novelty. The claim is that those who had argued that evidence that was discovered only as a result of its being predicted by some theory carried greater conformational weight were missing the real issue which is accommodation vs prediction (where the latter is used in the proper sense just meaning not accommodated).  This sense of prediction is perfectly evinced in the following passage from French’s textbook on Newtonian mechanics: ‘[L]ike every other good theory in physics, [the theory of universal gravitation] had predictive value; that is, it could be applied to situations besides the ones from which it was deduced [i.e the phenomena that had been deliberately accommodated within it]. Investigating the predictions of a theory may involve looking for hitherto unsuspected phenomena, or it may involve recognising that an already existing phenomenon must fit into the new framework. In either case the theory is subjected to searching tests, by which it must stand or fall.’ (French 1971, pp. 5-6)





� This is often thought of as the archetypically ad hoc move (epicycles are almost synonymous with ad hoccery). However the Ptolemaic move does produce an independent test (and indeed an independent confirmation) but not one that, so far as I can tell, was ever recognised by any Ptolemaist. It follows from the epicycle-deferent construction that the planet must be at the ‘bottom’ of its epicycle and hence at its closest point to the Earth exactly at retrogression. But this, with other natural assumptions, entails that the planet will be at its brightest at retrogression—a real fact, that can be reasonably confirmed for some planets with the naked eye. (Of course even had it been recognised, this test would not have been reason to continue to prefer Copernicus over Ptolemy, since, as will immediately become apparent, the former too entails—in an entirely non adhoc—way that the planet is at its nearest point to the Earth at retrogression.)


� 	See, for example, Kuhn (1957) 
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