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There Is No Problem with Old Evidence1 

 

Abstract 

Suppose there is recalcitrant old evidence which is finally explained by a 
new hypothesis, h. One version of the problem of old evidence arises 
when the old evidence is attributed a probability of 1, that is p(e) = 1, 
because e is already known and must therefore have a degree of belief of 
1. Then the likelihoods conditionalized on any hypothesis, p(e|h) are all 
also equal to 1. The problem is that, if p(e) and p(e|h) are both 1,  
Bayesian conditionalization on old evidence does not raise the probability 
of the prior, that is, the evidence does not add evidential weight for the 
new hypothesis even though that hypothesis explains the evidence for the 
first time. This short note shows that it is a mistake to attribute p(e) a value 
of 1 even when e is known. Once the prior probabilities of the hypotheses 
are selected, the value of p(e) is fixed. It follows that p(e) cannot be 
interpreted as a degree of belief; it should probably be interpreted as a 
logical probability. 

 

Let us start with the simplest version of Bayes’ theorem as applied to hypotheses 

and the evidence for them. Let there be n independent hypotheses, ih , ni , . . 2,. 1,  = . 

Let e be the evidence. Then: 
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where ()p  denotes a probability. Note that, independent of the epistemological 

interpretation of the “events” as probabilities of hypotheses, evidence, etc., there is 

nothing mathematically controversial about this theorem. It follows trivially from the 

definition of conditional probability. Here, within a Bayesian framework, )( ihp  is the prior 

probability of ih  and )|( ehp i  is its posterior probability after being presented with 
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evidence, e. The )|( ihep  are the likelihoods embodying the logical (mathematical) 

relationships between the ih  and e. We will assume that 
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as we should in a Bayesian context in which we are required to consider the totality of 

the hypotheses and they are supposed to be independent of each other. 

 Finally, note a mathematically uncontroversial decompositions of )(ep : 
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Equation (3) will do a lot of work for us. Besides being mathematically uncontroversial, 

there are two other reasons why Equation (3) is important: (i) in the practice of Bayesian 

statistics, this is how )(ep  is computed; and (ii) for many Bayesians, Equation (1) is not 

the most fundamental aspect of Bayesianism. Rather what is more fundamental is: 

).|()()|( iii hephpehp ∝  (4)

To convert this proportionality into an equality for practical computation requires 

multiplication of the R.H.S. by a factor that will ensure that the posterior probabilities 

sum to 1: 
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This “normalization” factor is supplied by Equation (3): )(ep  is nothing more than that, 

and Equation (3) simply shows how it should be calculated. 

 Let us turn to the so-called paradox of old evidence. There are several versions 

of this. The one considered here is the following. Suppose that some piece of evidence, 

e, is already known but remains unexplained. Then suppose that some new hypothesis, 
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kh ,  is formulated and deductively entails e. Ignoring experimental complexities, we will 

assume that this fact can be interpreted as: 

.)|( 1=khep  (6)

Now, because, in a Bayesian framework, we are supposed to identify subjective 

degrees of belief with probabilities, because we already know e,  

.)( 1=ep  (7)

But, Equations (6) and (7), along with Equation (1) give us: 

).()|( kk hpehp =  (8)

This is the paradox.2 Even though the new hypothesis, kh , explains the previously 

recalcitrant evidence, e, the posterior probability of kh  is no greater than its prior 

probability: e seems to add no evidential support for kh .  

 I wish to argue that the mistake is to assign )(ep  the probability of 1, as we do in 

Equation (7) just because we know e. Consider Equation (3) more carefully. There are 

only two ways in which )(ep  can be equal to 1: 

Case (i): 

.)|( 1=∀ ihepi  (9)

Then, from Equations (2) and (3), 
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However, in this case all the hypotheses imply the evidence to exactly the same extent 

and the fact that e provides no particular evidential support for kh  is only to be 
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expected: there is no paradox. Note that the )|( ihep  are being strictly interpreted as 

likelihoods calculated from the hypotheses and the experimental design, as they should 

in the context. The )|( ihep  cannot all be set equal to 1 simply because )(ep  is 

supposed to be 13: in that case the )|( ihep  are not the relevant likelihoods. 

Case (ii): 
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In this case, l must be identical to k. Now, if the prior probability of kh  is already equal to 

1, it obviously cannot increase any further. Once again, there is no paradox. 

 Why, then, does the paradox of old evidence arise? It arises because assigning 

arbitrary values (obviously between 0 and 1) to the prior probability, kh , and assigning 1 

to )(ep  are not compatible with each other, assuming that the evidence is relevant to 

the hypothesis being tested (that is, Case [i] is not relevant). In the context of hypothesis 

testing, we should not be willing to give up the right to start with arbitrary probabilities for 

the priors. This means we cannot assign 1 to )(ep  even though we know the evidence; 

)(ep  is not a degree of belief. Rather, )(ep  is best interpreted as a logical probability. 

 Let us remain neutral about how we interpret the priors, )( ihp . (I prefer to view 

them also as logical probabilities but this choice is not necessary for the current 

argument.) Now, the likelihoods, )|( ihep , embody mathematical relationships between 

e and the ih ; in that sense, they are logical probabilities. The point is that once we have 

specified all the )( ihp , )(ep  is fixed, once and for all, by Equation (3): )(ep  cannot be 
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chosen independently. In all interesting cases (that is those in which neither Cases [i] 

and [ii] hold), )(ep  will not be equal to 1 and we will have no problem with old evidence.  
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