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Abstract

The Law of Likelihood is the central thesis of likelihoodism, one of

three major schools of thought about the notion of evidence in science

(Sober, 2008, Ch. 1). It says that datum E favors hypothesis H1 over

H2 if and only if the likelihood function k = Pr(E|H1)/Pr(E|H2) > 1, in

which case k measures the degree of that favoring. I propose to restrict the

Law of Likelihood to mutually exclusive hypotheses. This proposal seems

natural and suffices to block a counterexample due to Fitelson (2007, 476-

7), but it faces at least three significant objections: (1) it conflicts with

plausible constraints on the notion of evidential favoring, (2) it fails to

address the tacking paradox, and (3) it seems to exclude cases involving

competing causal claims and cases involving nested models. I respond to

each of those objections.

1 Introduction

The Law of Likelihood (LL) says that E favors H1 over H2 evidentially iff

k = Pr(E|H1)/Pr(E|H2) > 1, in which case k measures the degree of that



favoring. Fitelson presents the following counterexample to this principle (2007,

476–7, original emphasis):

Example 1. ...we’re going to draw a single card from a standard (well-

shuffled) deck.... E = the card is a spade, H1 = the card is the ace of

spades, and H2 = the card is black. In this example...Pr(E|H1) = 1 >

Pr(E|H2) = 1/2, but it seems absurd to claim that E favors H1 over H2,

as is implied by the (LL). After all, E guarantees the truth of H2, but E

provides only non-conclusive evidence for the truth of H1.

Restricting (LL) to mutually exclusive hypotheses suffices to block this coun-

terexample and any other counterexample in which a datum provides conclusive

evidence for one hypothesis and non-conclusive evidence for another: if a pair

of hypotheses is mutually exclusive, then E provides conclusive evidence for one

only if it conclusively refutes the other. This restriction also has in its favor that

it seems natural to suppose that the “favors over” relation holds only between

hypotheses that are genuine competitors in the sense that only one of them can

be true.

Chandler (2013) and Steel (2007) also propose restricting the (LL) to mutu-

ally exclusive hypotheses, but the main advocates of the Law state it without

that restriction (Hacking 1965, 59; Edwards 1972, 31; Royall 1997, 3; Sober

2008, 32). It faces at least three significant objections: it violates plausible con-

straints on the notion of evidential favoring, it fails to solve the tacking paradox,

and it excludes cases of genuine scientific interest, including cases involving com-

peting causal claims and cases involving nested models. I address each of those

objections in turn.
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2 Objection 1: Restriction conflicts with con-

straints on evidential favoring

Fitelson claims that restricting the (LL) to mutually exclusive hypotheses makes

it “too easy to refute” the following “bridge principle” that connects the notion

of evidential favoring to that of incremental confirmation (2013, 67):

(†) Evidence E favors hypothesis H1 over hypothesis H2 if and only

if E confirms H1 more than H2.1

Fitelson also claims that the following “should be a desideratum for any ade-

quate explication of favoring” (69):

(CE) If E constitutes conclusive evidence for H1, but E constitutes

less than conclusive evidence for H2 (where it is assumed that E,

H1, and H2 are all contingent), then E favors H1 over H2.

Restricting (LL) to mutually exclusive hypotheses is incompatible with ac-

cepting either (CE) or (†) given only extremely mild assumptions. For (CE)

implies that the “favors over” relation can hold between compatible hypotheses

on the assumption that E can be conclusive evidence for a hypothesis H1 and

less than conclusive evidence for a hypothesis H2 that is compatible with H1.

(†) does likewise on the even milder assumption that E can confirm a compatible

pair of hypotheses H1 and H2 to different degrees.

(†) and (CE) have intuitive appeal, but they jointly entail a claim that does

not:

(CE′) If E constitutes conclusive evidence for H1, but E constitutes

less than conclusive evidence for H2 (where it is assumed that E,

1Fitelson relativizes this principle to a measure of confirmation.
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H1, and H2 are all contingent), then E confirms H1 more than it

confirms H2.

Let Pr(H1) = .99,Pr(H1|E) = 1,Pr(H2) = .01, and Pr(H2|E) = .99. Then

E constitutes conclusive evidence for H1 but less than conclusive evidence for

H2. Contrary to (CE′), however, E confirms H2 more than it confirms H1 both

intuitively and according to what Chandler (2013, 130) identifies as the six

most popular measures of confirmation currently on offer, given the additional

stipulation that H1 and H2 are exhaustive.2 Thus (CE′) is false, which implies

that either (CE) or (†) is false.

This problem is easy to resolve by restricting (CE), (†), and (CE′) to mutu-

ally exclusive hypotheses. This move seems natural and does not have obvious

bad consequences. It retains the highly plausible “left-to-right” component of

(†): if E favors H1 over H2, then E confirms H1 more than H2. It does give

up the converse claim that E favors H1 over H2 if it confirms H1 more than H2

for the special case in which H1 and H2 are compatible, but it is plausible that

the notion “favors over” simply does not apply in such cases.

Similarly, restricting (CE) and (CE′) still allows those principles to hold

for mutually exclusive H1 and H2, where they are obviously true because E

constitutes conclusive evidence for H1 only if it refutes H2. We must accept

that (CE) and (CE′) are false when H1 and H2 are compatible, but again we

can maintain that the notion “favors over” simply does not apply in such cases.

The answer to Fitelson’ objection that restricting the Law of likelihood to

mutually exclusive hypotheses conflicts with plausible constraints on the notion

of evidential favoring is to restrict those constraints (and the notion of evidential

favoring itself) to mutually exclusive hypotheses.

2A proof of this claim is available upon request.
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3 Objection 2: Restriction fails to address tack-

ing paradox

Restricting (LL) to mutually exclusive hypotheses fails to address examples

similar to Example 1 that give rise to a version of the tacking paradox, such as

the following (Fitelson, 2013, 77):

Example 2. Let E be the proposition that the card is black. Let X be

the hypothesis that the card is an ace, let H1 be the hypothesis that the

card is a spade, and let H2 be the hypothesis that the card is a club.

(LL) implies that E is neutral between H1 and H2 & X because Pr(E|H1) =

Pr(E|H2 & X) = 1. This claim is implausible because X is an “irrelevant

conjunct” has been simply “tacked on” to H2. Appealing to mutual exclusivity

does not help because H1 and H2 & X are mutually exclusive.

Tacking paradoxes also arise in qualitative confirmation theory, where the

problematic conclusion is that an E that confirms H also confirms H & X,

where X is irrelevant, and in quantitative confirmation theory, where the prob-

lematic conclusion is that an E that confirms H also confirms H & X to the

same degree.

I offer three possible responses to the tacking paradox for (LL). Which re-

sponse one should accept depends on one’s intuitions and other commitments.

3.1 Response 1: Bite the bullet

My favorite response to the tacking paradox for (LL) is to accept that E is in

fact neutral between H1 and H2 & X. I know of no argument against this claim

beyond a bare appeal to an intuition that I happen to lack. It would be clearly

problematic if it implied that E confirms X itself, but it does not.

Milne takes the analogous line in the context of quantitative confirmation
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theory. He points out that biting the bullet in tacking paradoxes is compatible

with believing that there are powerful methodological arguments against theo-

ries that are “merely tacked together.” In the tacking paradox for (LL), it is

only incompatible with the claim that those methodological arguments have to

do with the evidential favoring relation between a pair of theories and a datum—

as opposed to, for instance, the way in which considerations of unification and

simplicity affect prior probabilities.

My willingness to bite the bullet on tacking paradoxes seems to place me

in a minority. I offer two additional responses for those with more standard

intuitions.

3.2 Response 2: Regard (LL) as explicating “r-favoring”

Those who are unwilling to bite the bullet on tacking paradoxes may prefer an

analogue of Maher’s response to the paradox for qualitative Bayesian confirma-

tion theory. That theory provides the predicate C as an explicatum:

C(H,E,K) ≡df Pr(H|E) > Pr(H)

Maher claims that the tacking paradox and other arguments show that C is

a poor explicatum for “E confirms H given background knowledge K” given

the “everyday notion” on confirmation. Thus, a Bayesian confirmation theorist

must identify some other explicandum. Maher suggests the notion he calls “r-

confirmation:”

Definition. E r-confirms H given K iff the inductive probability of H

given E and K is greater than the inductive probability of H given K

alone.

That E r-confirms H & X if it r-confirms H and is irrelevant to X is a con-
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sequence of the fundamental Bayesian assumption that inductive probability

obeys the probability calculus. This conclusion cannot conflict with our intu-

itions about confirmation, Maher points out, because r-confirmation is not the

everyday notion of confirmation.

One could avoid the tacking paradox for the Law of Likelihood in a simi-

lar manner by claiming that the Law of Likelihood explicates a notion of “r-

favoring:”

Definition. E r-favors H1 over H2 given K iff the ratio of the inductive

probability of H1 given E and K to that of H2 given E and K is greater

than the ratio of the inductive probability of H1 given K alone to that of

H2 given K alone.

A true likelihoodist would balk at this response because the goal of likeli-

hoodism is to provide a useful methodology that does not appeal to inductive

probabilities. I find the response acceptable because I believe for reasons out-

side the scope of this paper that likelihoodism fails to satisfy that goal. But for

those who disagree with me on this issue, I offer a third possible response to the

tacking paradox.

3.3 Response 3: Restrict (LL) to structurally identical

hypotheses

A third possible response (suggested by Steel 2007, 68) is to require that H1

and H2 be structurally identical, meaning that they assign values to the same

set of random variables. This response is sufficient to prevent the paradox from

arising: the fact that X assigns a value to a different variable from H1 and H2

is what allows E to be relevant to H1 and H2 but not to X.

Steel rejects this proposal after he suggests it because he claims that it

excludes some cases of genuine scientific interest. Newton’s theory of gravity

7



and Einstein’s general theory of relativity, for instance, certainly differ over more

than the values of some common set of variables (Steel, 2007, 70).

This objection is not conclusive. In the worst case, one could simply accept

that the Law of Likelihood is irrelevant to the evaluation of some ”high-level”

scientific theories. But this conclusion is too strong, because even with this

restriction the Law of Likelihood still applies to the kinds of low-level conse-

quences of such high-level theories that individual experiments actually probe.

For instance, it applies to the Eddington eclipse observations concerning the

consequences of Newton’s and Einstein’s theories for the deflection of starlight

as it passes by the sun. Thus, the Law of Likelihood is relevant to the compar-

ison between Newton’s and Einstein’s theories even if it does not address that

comparison directly.

The tacking paradox is not a strong objection to restricting (LL) to mutually

exclusive hypotheses. At worst, it shows that (LL) does not apply directly to

the evaluation of high-level theories. It is even less problematic for those who

do not believe that (LL) is a viable alternative to Bayesian and frequentist

methodologies and for those who do not find the claim that E is neutral between

H1 and H2 & X problematic in the first place.

4 Objection 3: Restriction excludes cases of sci-

entific interest

Restricting the Law of Likelihood to mutually exclusive hypotheses seems to

exclude cases of genuine scientific interest, such as cases involving competing

causal claims and cases involving nested models. However, in cases of those

kinds there are many possible interpretations of the hypotheses being tested on

which they are mutually exclusive. Here I motivate the conjecture that some
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such interpretation is appropriate whenever claims of one of these kinds can

truly be said to be tested against one another. The burden is on those who

doubt this claim to provide a counterexample.

4.1 Cases involving competing causal claims

Machery (2013) argues that the psychologists Greene et al. (2001) are best

understood as using a likelihoodist methodology to test the following hypotheses

against one another:

Example 3. f

H1: People respond differently to moral-personal and moral-impersonal

dilemmas because the former elicit more emotional processing than the

latter.

H2: People respond differently to moral-personal and moral-impersonal

dilemmas because the single moral rule that is applied to both kinds of

dilemmas (for example, the doctrine of double effect) yields different per-

missibility judgments.

At least on the surface, H1 and H2 are not mutually exclusive. They cer-

tainly are not mutually exclusive if they merely assert, respectively, that eliciting

more emotional processing and yielding different permissibility judgments under

certain moral rules are each a cause of responding differently to moral-personal

and moral-impersonal dilemmas, where causation is understood in the manip-

ulationist sense according to which (roughly) A causes B if and only if it is

possible to change B by manipulating A (see Woodward 2003). Moreover, it

seems quite plausible that a fully adequate theory would have to account for

both emotional processing and the use of moral rules, thus providing a synthesis

of H1 and H2 that would not be possible if H1 and H2 were mutually exclusive.
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At the same time, testing H1 and H2 against one another seems possible and

even important.

This example is a problem for me only if it is possible to test H1 and H2

against one another while interpreting them in a way that makes them mutually

exclusive. Against this possibility, I contend that scientists cannot truly be said

to test claims of the form “X is a cause of Y” and “Z is a cause Y” against one

another, precisely because those claims could both be true. However, they can

truly be said to test claims of the form “X causes Y” and “Z causes Y” against

one another under many possible interpretations of those claims on which they

are mutually exclusive. For instance, those claims could be understood as as-

serting, respectively, “X causes Y and Z does not” and “Z causes Y and X does

not,” or more plausibly, “X is a more important3 cause of Y than Z” and vice

versa.

Another possibility for a given pair of claims of the form “X causes Y”

and “Z causes Y” is that they are best understood not as proper hypotheses,

but rather as loose expressions of the stances of competing research programs.

Particular experiments in the relevant domain do not test even disambiguations

of “X causes Y” and “Z causes Y” against one another directly, but rather

a more specific claim “in the spirit of ‘X causes Y’ ” against a more specific

claim “in the spirit of ‘Z causes Y.’ ” Rather than testing the research programs

themselves against one another directly, scientists use outcomes from tests of

more specific claims to inform judgments about those research programs in light

of their fruitfulness, empirical adequacy, and so forth.

This interpretation seems quite plausible in the case of Example 3. It is

perfectly compatible with the possibility that the view that ultimately prevails

will be a synthesis of the research programs that H1 and H2 represent. Indi-

3The notion of importance here could be cashed out in terms of, for instance, the percent
of variance in Y accounted for in appropriate experiments.
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vidual experiments that test mutually exclusive hypotheses “drawn from” those

respective research programs against one another simply provide evidence for

phenomena for which a successful synthesis of this kind must account.

We can make sense of Example 3 without regarding scientists as testing

compatible causal claims against one another. I conjecture that we could do

likewise in any case involving competing causal claims.

4.2 Cases involving nested models

Scientists appear to test compatible hypotheses against one another when they

choose among nested models, where a model is a disjunction of hypotheses each

of which ascribes a probability distribution to some variable. For instance, sci-

entists sometimes test the hypothesis (LIN) that some variable Y is a quadratic

function of X plus a normally distributed error term against the hypothesis

(QUAD) that Y is a linear function of X plus a normally distributed error

term. (LIN) is simply a special case of (QUAD) with the coefficient of the

quadratic (X2) term of (QUAD) set to zero, so (LIN) and (QUAD) are compat-

ible. Thus, examples of this kind suggest that restricting the Law of Likelihood

to mutually exclusive hypotheses excludes cases of scientific interest.

As in the case of competing causal claims, there are many possible interpre-

tations of model selection cases according to which the scientists actually are

testing mutually exclusive hypotheses against one another. Once again, I con-

jecture that some such interpretation can always be found and contend that the

burden of proof is on those who doubt this claim to provide a counterexample.

Chandler (2013) provides one possible interpretation of model selection cases:

“as Forster and Sober use the term, ‘E favors model M1 over model M2’ is

actually shorthand for ‘E favours the likeliest (in the technical sense) disjunct

L(M1) of model M1 over the likeliest disjunct L(M2) of model M2,’ with L(M1)∩
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L(M2) = ∅” (133). L(M1) and L(M2) are simple statistical hypotheses, so they

are either mutually exclusive or (in unusual cases only) identical. We can allow

the Law of Likelihood to apply to a simple statistical hypothesis and itself

when they are identical, with the obvious result that any piece of evidence is

evidentially neutral between them. Given this allowance, statements of the

form “E favors model M1 over model M2” fall within the scope of the Law of

Likelihood even when it is restricted to mutually exclusive hypotheses on the

interpretation Chandler provides.

Scientists use phrases of the form “E favors M1 over M2” in other ways as

well. For instance, they might say “E favors (QUAD) over (LIN)” when they

mean (roughly) that E favors the claim that the element of (QUAD) that is

closest to the truth has a nonzero coefficient for the X2 term over the negation

of that claim. On this interpretation, “E favors (QUAD) over (LIN)” actually

means “E favors (QUAD)\(LIN) over (LIN),” so the hypotheses the scientist

actually has in mind are in fact mutually exclusive.

Fitelson (2011) claims that it is bad strategy for a likelihoodist to interpret

what look like comparisons between nested models as comparisons between mu-

tually exclusive hypotheses because the fact that one can apply the Law of

Likelihood to nested hypotheses such as (LIN) and (QUAD) is a potential

advantage for likelihoodism over Bayesianism. Bayesians cannot account for

the widespread preference for the simple model (LIN) over the complex model

(QUAD) because the fact that (LIN) ⊂ (QUAD) entails Pr(LIN) ≤ Pr(QUAD).

Likelihoodism seems to be in a better position in this respect because it is

concerned with evidential favoring rather than with posterior probability. By

reinterpreting what look like comparisons between (LIN) and (QUAD) as com-

parisons between some other pair of hypotheses, likelihoodists give up this ad-

vantage.
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This argument fails because likelihoodism fares no better than Bayesianism

in accounting for the widespread preference for (LIN) over (QUAD). The likeli-

hood ratio for (LIN) and (QUAD) is defined only relative to a prior probability

distribution over the simple components of these models, and thus is typically

unavailable from a likelihoodist perspective. A standard way to address this

problem is to use the likelihood ratio of the best-fitting element of (LIN) to

the best-fitting element of (QUAD), but this comparison can never favor (LIN)

over (QUAD) because the best-fitting element of (LIN) is also an element of

(QUAD). On this approach, data from typical problems is all but guaranteed

to favor (QUAD) over (LIN) according to the Law of Likelihood even if (LIN)

is true.

Even if likelihoodism did provide an account of the widespread preference

for simple models, that fact would not be an advantage for likelihoodism over

Bayesianism because that account would be available to Bayesians as well. A

Bayesian can say anything that a likelihoodist can say. Likelihoodism and

Bayesianism come into conflict only over the meaningfulness or appropriate-

ness of distinctively Bayesian statements that involve subjective probabilities.

In the absence of a counterexample, it seems reasonable to conclude that

there is no need to regard scientists as testing genuinely nested models against

one another.

5 Conclusion

The upshot of Fitelson’s counterexample to the Law of Likelihood is that the

Law of Likelihood applies only to mutually exclusive hypotheses. This restric-

tion is natural and adequate to block the counterexample and can withstand all

of the objections that have been raised against it.
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