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Introduction

In 1977, Thomas Kuhn published an essay, destined to be very influ-
ential, titled ‘Objectivity, Value Judgement, and Theory Choice’. As
we will see in section 1.2, the main claim of the essay is that, although
the five epistemic criteria of accuracy, consistency (both internal and
external), scope, simplicity and fruitfulness are the objective basis for
theory choice, they do not uniquely determine it. One of the reasons
for this is that scientists can disagree about the importance to be given
to the criteria when they pull in different directions.

As Kuhn puts it, “accuracy may, for example, dictate the choice
of one theory, scope the choice of its competitor” (1977, p. 322), so
the question is: how should accuracy be traded off against scope?
The main point of Kuhn’s argument is that there is not a single an-
swer to this question. Rather, scientists can reach different acceptable
answers, depending on which criterion they give more importance to.

Such subjective differences in applying epistemic criteria led Kuhn
to famously claim that: "the criteria of choice whit which I began
function not as rules, which determine the choice, but as values, which
influence it" (p. 331, emphasis is mine).

The idea that criteria should be better understood as values was
favorably received at Kuhn's time. For instance, in McMullin 1982, we
read: "these criteria clearly operate as values do, so that theory choice
is basically a matter of value-judgement" (p. 16, emphasis is mine).
And, nowadays, it seems to be fairly uncontroversial (e.g. Reiss and
Sprenger 2020, section 3).

More generally, since, at least, the publication of Kuhn's essay,
the issue surrounding the relationship between epistemic values and
scientific theories, with a special focus on theory choice, became a
central topic in philosophy of science. Important names in this regard,
each of which proposed their own list of values, are, for instance, the
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aforementioned McMullin (2008), Quine and Ullian (1978), Longino
(1990), Laudan (1990) (see sections 1.3).

Still today, the topic retains its influence, intertwining with the
theme of scientific objectivity. A popular idea of scientific objectivity,
in fact, states that science is objective in the extent in which its core -
i.e. the gathering of evidence and the assessment and acceptance of
scientific theories - is free from contextual values, and guided only by
epistemic ones.

Broadly speaking, epistemic values are assumed to be indicative
of the truth (or acceptability) of a theory, while contextual ones are
moral, personal, social, political and cultural values. A famous exem-
plification of improper use of contextual values concerns the condem-
nation, by the Third Reich, of a large part of contemporary physics,
such as the theory of relativity, on the base that its inventors were
Jewish.

More precisely, the idea of scientific objectivity as freedom from
contextual values has a normative component, expressed as follows:

Value-Free Ideal (VFI): scientists should strive to minimize the influ-
ence of contextual values on scientific reasoning, e.g. gathering
evidence and assessing/accepting theories.

Instead, the question whether VFI is actually attainable is the sub-
ject of

Value-Neutrality Thesis (VNT): scientists can - at least in principle
- gather evidence and assess/accept theories without making
contextual value judgements.

Criticisms to these two claims led to interesting reflections and
results concerning theory choice and epistemic/contextual values (for
a complete exposition of the debate surrounding VFI and VNT, see
Reiss and Sprenger (2020), section 3).

For instance, against VNT, Longino (1996) argues that there is no
such thing as pure epistemic values in that the use of values like ac-
curacy, simplicity, consistency, and so on is not politically neutral. To
see this, she confronts the Kuhnian values with feminist ones such
as novelty, ontological heterogeneity, mutuality of interaction, and so
on. And she argues that using the former instead of the latter in gen-
dered contexts - i.e., contexts that are structured by gendered power
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asymmetries - can contribute to keep hidden the asymmetric power
relations in favor of the male. To prove her point, she proposes differ-
ent examples. In one of these, she juxtaposes the Kuhnian criterion of
external consistency, i.e. the consistency of the theory with accepted
theories in other fields, and the opposite feminist value of novelty,
which recommends theories that differ in significant ways from the
accepted ones. Now, using external consistency in contexts in which
there is need for theoretical frameworks other than those that have
functioned in gender oppression by making gender invisible, surely
perpetuates this invisibility.

The longstanding issue in philosophy of science concerning the
relationship between scientific theories and epistemic values is the
frame of this thesis, too. Indeed, here, I present three essays, each of
which constitutes a chapter, dealing with such an issue from a formal
point of view, i.e., by using logical patterns, and mathematical tools
borrowed from economics and statistics. More specifically, the thesis
has the following structure.

Chapter 1’s starting point is Samir Okasha’s 2011 paper, Theory
Choice and Social Choice: Kuhn versus Arrow, and the literature that
sprung up around it. In that paper, Okasha applies results from social
choice, i.e. the study of how to reach collective decisions, to episte-
mology. Particularly, he looks at scientific theory choice on the base
of Kuhn’s epistemic criteria from the point of view of Kenneth Ar-
row’s impossibility theorem (1951). And, by this move, he concludes
that there is no acceptable algorithm for theory choice, in that there is
no theory choice rule that satisfies analogues of Arrow’s conditions.
In other words, rational theory choice is impossible. The severity of
such a conclusion urges Okasha to look for escape routes from im-
possibility. After different failed attempts, he found one in Amartya
Sen’s work for social choice, which Okasha applies to theory choice.
In a nutshell, if theory choice criteria permit inter-criterion compar-
isons of the kind ‘the accuracy of theory T; is less than the simplicity
of T,’, then there are theory choice rules that meet analogues of Ar-
row’s conditions. However, from considerations made by Stegenga
(2015) and Okasha himself (2015), it turns out that ‘large scale” the-
ory choices, i.e. choices among ‘key theories” which imply a change
of paradigm, based on Kuhn’s criteria cannot escape from impos-
sibility. The reason is that such criteria do not seem to allow for



Introduction

inter-criterion comparisons. In this chapter, I propose two counter-
arguments to such a conclusion. The first one suggests, by making
an example, that inter-criterion comparability may be possible when
Kuhn's criteria are used in the aforementioned kind of choices. The
second one, instead, proposes to use Kuhn’s values to evaluate the
prior probability and the likelihood. The latter, in fact, are ‘criteria’
of the ‘Bayesian theory choice rule’, which is not subject to Arrovian
impossibility thanks to Sen’s escape route. However, an objection to
the second counterargument may arise. According to Stegenga (2015),
a rule that translates the information provided by Kuhn’s criteria in
prior probabilities suffers from Arrovian impossibility since it should
satisfy Arrow’s conditions. If this is true, then the second counterar-
gument proposed vanishes as Arrovian impossibility obtains anyway
in using Kuhn’s criteria to determine the prior probability and the
likelihood. I show that this is not the case as the algorithm Stegenga
has in mind has a different mathematical form from Arrow’s social
choice rule. Namely, the former outputs a list or real number, while
the second a ranking of theories. So, we cannot ask whether the rule
Stegenga considers should satisfy or not Arrow’s conditions. Finally,
I consider the question, triggered by Stegenga’s observation, whether
the Arrow-style rule, associated with Stegenga’s algorithm, suffers
from Arrovian impossibility. To answer it, I introduce an algorithm
which I call ‘Prior Probability Rule” (PPR). PPR assumes as input the
information about the theories provided by (some of) Kuhn’s criteria
and outputs an order of the theories by their decreasing prior prob-
ability assigned to them by Stegenga’s algorithm. I highlight that an
observation Morreau (2015) made against Okasha applies also to our
algorithm, which lead us to suspend the judgement about its impos-
sibility.

In chapter 1, the second counterargument is ultimately based on
the relationship epistemic values entertain with the prior probability
and the likelihood of the ‘Bayesian theory choice rule’. In chapter
2, I keep following this path, and I explore the relationship between
Bayesianism and an epistemic value not considered in chapter 1, i.e.
‘explanatory power” which refers to the goodness of an explanation.
Specifically, I focus on an inference where the explanatory value of
a hypothesis for a set of phenomena obtains special status, that is
the ‘Inference to the Best Explanation” (IBE) or “Abduction’. And, I
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consider how IBE relates to a problem which has been haunting the
Bayesian theory of confirmation since Glymour first described it in
1980, namely, the Problem of Old Evidence (POE). POE states that
Bayesian confirmation theory cannot account for a shared intuition of
scientific reasoning according to which a theory H can be confirmed
by a piece of evidence already known, i.e. by an old piece of evidence.
Different dimensions of POE have been highlighted, and different so-
lutions have been proposed to each of them. Here, I consider only
two dimensions, i.e. the dynamic and static dimension. In the former,
we want to explain how the discovery that H accounts for E confirms
H. In the latter, we want to understand why E is and will be a reason
to prefer H over its competitors. My aim, in chapter 2, is threefold.
First, I point out a technical shortcoming of the second of two recent
solutions to the dynamic dimension of POE, proposed by Eva and
Hartmann (2020). Second, I highlight that these solutions can be read
in terms of Inference to the Best Explanation (IBE). On this base, I fur-
ther gauge the weaknesses and strengths of the two models. Namely,
I show that Eva and Hartmann endorse a particular understanding
of IBE, and I stress that it is still an open question whether it is the
one descriptively used in the scientific practice. Moreover, I contend
that, while one condition of their first model is not expression of such
an understanding, the only condition used in their second model is.
Third, I focus on the static dimension of POE which, now, has to
be expressed in IBE terms. To solve it, I rely on the counterfactual
approach, and on the Bayesian IBE, a probabilistic version of IBE in
which explanatory considerations help to evaluate the terms in Bayes’
theorem. However, it turns out that the problems of the counterfac-
tual approach recur even when it is used to solve the static POE in
IBE terms.

So, by focusing on making explicit that cases of confirmation by
old evidence are instances of abduction or IBE, chapter 2 is about a
sense of abduction in which the explanatory power of a hypothesis
is used for justifying the hypothesis itself. Thus, the proper place of
this sense of abduction is the so called context of justification. However,
in the philosophical literature, the term ‘abduction’ refers also to the
use of explanatory power in generating hypotheses, and, as such, it
belongs to the context of discovery. Abduction so intended will be the
protagonist of chapter 3. It was especially defended by Charles S.
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Peirce and Norwood R. Hanson (1958, 1960, 1965), who both believed
that it could be a logic, with its own precise pattern. However, it is
now commonly thought that their (very similar) logics make better
sense if understood, not as logics of generation, but as logics of adop-
tion of new hypotheses which appear to be worthy candidates for
further investigations. A view of abduction very much in this spirit is
endorsed by Gerhard Schurz (2008) who, indeed, thinks that abduc-
tion is “a search strategy which leads us, for a given kind of scenario, in
a reasonable time to a most promising explanatory conjecture which
is then subject to further test” (p. 205, emphasis in the original). This
general definition encompasses different patterns, which Schurz de-
tects in various contexts ranging from common sense to philosophy
and science. In chapter 3, I carry on such a descriptive analysis in
the context of the ongoing Covid-19 pandemic. The latter is, in fact,
a fertile ground for search strategies as Schurz describes them, given
the novelty it puts us in front of.



Chapter 1

Theory Choice and Social
Choice: Two Proposals to
Escape from Arrovian
Impossibility for ‘Large Scale
Theory Choices Based on
Kuhn’s Criteria

4

1.1 Introduction

Samir Okasha (2011) applies Kenneth Arrow’s impossibility theorem
(1951) for social choice to scientific theory choice on the base of the
five criteria identified by Thomas Kuhn (1977, p. 321). From this
move, he concludes that there is no acceptable algorithm that relies
on them. That is, there is no theory choice rule that satisfies the four
Arrovian conditions.

However, this conclusion seems to be in contrast with Kuhn’s own
views (1970, 1977). According to Okasha, Kuhn contends that the fact
that different criteria can pull in different directions is a reason to
expect a plurality of acceptable algorithms, each of which weights the
criteria differently.

Okasha sees the only promising escape route from impossibility in
enlarging the information that the theory choice rule takes in, follow-
ing Amartya Sen’s work for social choice (1970, 1977, 1986). Briefly, if
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criteria of theory choice permit some form of inter-criterion compara-
bility (e.g. if it is meaningful to say statements like ‘the accuracy of
theory T; is less than the simplicity of T,’), then the rule that trades
them off satisfies analogous Arrovian conditions.

But such an escape route raised some concerns. In fact, Stegenga
(2015) highlights, and Okasha himself (2015) agrees, that it has a nar-
row domain of application so that impossibility can be rarely escaped.
This is due to the fact that the majority of criteria do not allow for
inter-criterion comparisons. Specifically, it seems that this is the case
for large scale theory choices that rely on Kuhn's criteria, i.e. choices
among key theories that implies a change of paradigm.

The aim of the chapter is to propose two solutions to overcome
these concerns. The first one investigates if it is really the case that
when Kuhn'’s criteria are used in the aforementioned kind of choices,
then no inter-criterion comparability is possible. By proposing an
example, we will see that the contrary may be true.

The second one proposes to use Kuhn's values to evaluate the
prior probability and the likelihood, which are, in turn, ‘criteria” of
the ‘Bayesian theory choice rule’. In fact, the latter is not subject to Ar-
rovian impossibility because of Sen’s escape route (Okasha 2011, pp.
107-108). To this end, some meanings of Kuhn's criteria will be con-
sidered and it will be shown how they relate to the prior probability
and the likelihood. It will turn out that while accuracy is reflected by
the likelihood, (some of) the other criteria bear on the prior. Since the
latter can pull in different directions, the same moral Okasha draws
from Kuhn’s work applies here. That is, there are many acceptable
algorithms to the evaluate of the prior probability.

At this point, an objection may arise. Stegenga (2015) argues that
an algorithm that somehow translates the information provided by
Kuhn's criteria in prior probabilities should satisfy Arrow’s condi-
tions. Thus, it suffers from the same impossibility. If this is true,
then the second solution proposed vanishes as Arrovian impossibility
obtains anyway in using Kuhn'’s criteria to determine the prior prob-
ability and the likelihood. However, I will highlight that Stegenga’s
claim is flawed as the algorithm he has in mind has a different math-
ematical form from Arrow’s social choice rule. Namely, the former
outputs a list or real number, while the second a ranking of theories.
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So, we cannot ask whether conditions defined for the Arrovian social
choice rule should apply to Stegenga’s algorithm.

That said, Stegenga’s observation raises an interesting question:
does the Arrow-style rule, associated with Stegenga’s algorithm, suf-
fer from Arrovian impossibility? To answer this question, I will con-
sider an algorithm which I will call “prior probability rule” (PPR). The
latter assumes as input the information about the theories provided
by (some of) Kuhn's criteria and outputs an order of the theories by
their decreasing prior probability assigned to them by Stegenga’s al-
gorithm. We will see that an observation Morreau (2015) made against
Okasha applies also to our algorithm, which will lead us to suspend
the judgement about its impossibility.

To show my claims, I will follow this structure. In section 1.2, I
will take into consideration Okasha’s argument by closely following
his 2011 paper, where this argument is presented. Section 1.3 will
be dedicated to expound the two solutions to save from impossibility
large scale theory choices relying on Kuhn’s criteria. Section 1.4 will
consider Stegenga’s objection. In this regard, I will explain why it
does not undermine the second solution proposed, and consider if
the Arrow-style rule associated with Stegenga’s algorithm is subject
to Arrovian impossibility. Section 1.5 concludes.

1.2 Okasha’s argument

Okasha’s reflection starts by considering a famous argument made by
Kuhn in the Postscript to The Structure of Scientific Revolution (1970),
and developed in the essay ‘Objectivity, Value Judgement, and The-
ory Choice’ (1970). That is, even if the five epistemic criteria are the
objective basis for scientific theory choice, they do not uniquely deter-
mine the latter. One of the reasons is that scientists can disagree about
importance of the criteria, i.e. about their weights, when they pull in
different directions. Okasha (2011, p. 86) expresses this point by say-
ing that, according to Kuhn, there are many acceptable algorithms for
theory choice, each of which weights the criteria differently.
However, a totally different argument can be made, namely that
there is no acceptable algorithm for theory choice based on Kuhn's
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epistemic criteria’, i.e. there is no algorithm that meets reason-
able conditions. Okasha arrives at this conclusion by applying Ken-
neth Arrow’s impossibility theorem (1951) for social choice to theory
choice. Let us briefly see what his argument consists of.

An important part of social choice theory deals with the analysis
of aggregating individuals” preferences over a set of alternatives (e.g.
election candidates) into a single social preference. The basic model
of preference aggregation is as follows. We start with a set N = {1,
2,..., n} of individuals (n > 2) and a set X = {x, y, z,...} of social
alternatives. Each individual i € N has a weak preference ordering R;
over the alternatives, namely a complete and transitive binary rela-
tion on X?. For any x and y € X, xR;y means that individual i weakly
prefers alternative x to y, that is either xP;y (i strictly prefers x to y), or
x1l;y (i is indifferent between x and y)3. Informally, a weak preference
ordering is a ranking of the alternatives from best to worst with ties
permitted. A list of weak preference orderings, each for every indi-
vidual in society, is called a profile, and it is denoted <R;, Rs,..., R;>.
We would like to construct a single social weak preference ordering
R that somehow depends on the information provided by the profile.

Arrow proposes to approach this problem by considering a func-
tion, a ‘social choice rule’4, that takes as input a profile of weak pref-
erence orderings, and outputs a social weak preference ordering R.
Then, he asks which conditions this function should satisfy. He comes
up with the following four conditions:

* Unrestricted domain (U), according to which the domain of the
social choice rule should include every list <R;, R,,..., R;> of n
weak preference orderings of X.

¢ Weak Pareto (P) which says that for any profile, and any alter-
natives x and y, if every individual i strictly prefers x to y, so
should society.

"Notice that Okasha’s argument is not restricted to Kuhn's list of criteria, but it
may also be applied to other lists, like, for instance, McMullin’s one (1982).

2Completeness requires that for any x, y € X, xR;y or yR;x. Transitivity requires
that for any x, y, z € X, if xR;y and yR;z, then xR;z.

3xPy if xR;y and not yR;x, and xL;y if xR;y and yR;x.

4Arrow called his function ‘social welfare function’ but, since this expression is
often used in another sense today, Okasha calls it ‘social choice rule’.

10
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¢ Non-dictatorship (N), according to which there must not be any
dictator, that is a person d such that if, for any alternatives x and
y and for any profile <..., Ry,...>, d strictly prefers x to y, so
should society.

¢ Independence of irrelevant alternatives (I) that says that the so-
cial choice between alternatives x and y must depend only on
individuals” preferences between x and y, and not on their pref-
erences over other alternatives. This condition is captured by
saying that if each individual’s preference for x over y is the
same in two profiles, then the social choice rule, when applied
to both profiles, must yield the same social preference for x over

y.

Remarkably, Arrow showed that, so long as there are at least three
alternatives to choose among, these four conditions are incompatible,
that is there is no social choice rule that jointly satisfies them.

Now, according to Okasha, Kuhn’s weighting problem and Ar-
row’s aggregation problem are formally analogous. To see this, just
consider each Kuhnian criterion as an individual with their weak
preference ordering over the competing scientific theories. That is,
each criterion ranks the theories according to how well they satisfy
it. Then, consider a ‘theory choice rule’ that, given a profile of weak
preference orderings, each for every criterion of theory choice, yields
an overall ranking of the competing theories. Next, we ask whether
such a theory choice rule satisfies the Arrovian conditions rephrased
for theory choice. The answer seems to be affirmative (Okasha 2011,
pp- 92-93). Here is why.

* Unrestricted domain (U) states that the domain of the theory
choice rule should include every list <R;, R,,..., R5> of the five
criteria’s weak preference orderings of X. That is, there should
be no a priori restriction on the preferences that criteria are al-
lowed to have. This condition seems to be reasonable: since
there is no reason to think that trade-offs (or correlations) be-
tween criteria must always obtain, then a priori we should in-
clude in the domain all the possible rankings. It may be that, in
the actual situation, such trade-offs or correlations are the case.
But, not knowing this in advance, as it is not something that
always happens, we cannot exclude even one possible ranking.

11
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* Weak Pareto (P) is an obvious condition. Indeed, it says that if
theory T; does better than theory T, by each of Kuhn’s criteria,
then it should be preferred overall.

* According to Non-dictatorship (N), there must not be any crite-
rion such that if T; is ranked above T, by that criterion, then T,
is automatically above T, in the overall ranking. Such a condi-
tion makes good sense as long as we agree that all the criteria
are relevant to theory choice.

¢ Independence of irrelevant alternatives (I) says that the overall
ranking of T; and T, should depend only on how criteria rank
T, and T,, and not on how they rank other theories. This condi-
tion is captured by saying that if each criterion’s preference for
T, over T, is the same in two profiles, then the theory choice
rule, when applied to both profiles, must yield the same pref-
erence for T, over T, in the overall ranking. I has an intuitive
appeal for theory choice as it has for social choice. Indeed, it
is highly intuitive that, say, in an election to determine whether
the Labour or Tory candidate is socially preferable, individual’s
preferences involving the Liberal candidate should not matter.
And the same goes for theory choice.

Since the four Arrow’s conditions apply to theory choice as well,
we have an analogous impossibility result: if there are at least three
alternatives to choose among, there exists no theory choice rule that
satisfies the four conditions. In other words, rational theory choice is
impossible.

Given the severity of such a conclusion, Okasha looks for escape
routes. After having considered some possible solutions that he rules
out (section 5), he turns to Amartya Sen’s ‘informational basis” ap-
proach for social choice (1970, 1977, 1986). The latter is a complex
framework of which I will here present the gist. For a more complete
exposition of Sen’s work, see List 2013, section 4. Sen’s reflection
starts by observing that the input of Arrow’s social choice rule, i.e.
a profile of weak preference orderings, provides poor information.
Firstly, weak preference orderings are ordinal, namely they contain
no information about intensity of preference. From the fact that indi-
vidual i prefers x to y to z, we cannot say if their preference for x over
y is greater or less than their preference for y over z. Secondly, weak

12
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preference orderings do not permit interpersonal comparisons. For
example, we do not know if individual 1 is better off in alternative x
than individual 2. To incorporate such richer information, Sen gener-
alizes Arrow’s framework by proposing to start with a profile of util-
ity functions, one for each individual in society, denoted <u,. .., u;>.
An individual’s utility function assigns to each alternative a real num-
ber which represents how much utility that alternative brings to the
individual in question. Then, he defines a function, the social welfare
functional (SWFL), which has the same output of the Arrovian social
choice rule, a weak social preference ordering R. Its input, however,
is different: it is no longer a profile of weak preference orderings,
but a profile of utility functions which encodes more information. In
fact, while a utility function on X induces a weak preference order-
ing, the converse is not true. How much of this information is used
depends on the assumptions we impose on the SWFL. Let us see why.
Sen imposes on the SWFL the four Arrovian conditions rephrased in
terms of utility functions - U’, P/, N’, I’ (see List 2013, section 4.2) -,
but we do not have Arrovian impossibility by default. To this end,
we have to impose on the SWFL an additional condition called ONC
(‘ordinal measurability with no interpersonal comparability’). ONC
captures the fact that the SWFL takes into consideration only ordi-
nal and not interpersonally comparable information as the Arrovian
social choice rule does. It does so by considering two profiles <u;,,
Us,. .., Uy> and <vy, U,,..., 4> as informationally equivalent> when-
ever, for each i € N, v; = ¢;(1;), where @; is some positive monotonic
transformation, possibly different for each individual. So, when ap-
plied to these profiles, SWFL yields the same weak social preference
ordering. When <v,, v,,..., v,> is obtained from <u, u,,..., u;> in
the aforementioned way, the only meaningful information is ordinal
and not interpersonally comparable. As a matter of fact, this is the
only information that remains invariant across the two profiles as the
individual utility functions of <uy, u,,..., u,> are arbitrarily mono-
tonically transformed. Sen then asks what happens if we substitute
ONC with weaker conditions. There are two ways in which it can
be weakened: (i) measure utility on a more-than-ordinal scale; (ii)
permit interpersonal comparisons. To obtain (i), we restrict the trans-

5Two profiles are informationally equivalent when they contain the same infor-
mation.

13
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formations that are held to preserve information. Thus, we might
hold utility to be measured on a cardinal scale so that only positive
linear transformations of the form v; = au; + b, a > o preserve in-
formation. This means that utility differences are meaningful. As
an alternative, we might consider utility to be measured on a ratio
scale, namely solely transformations of the kind v; = au;, a > o pre-
serve information. This means that utility ratios are meaningful, as
utility has a natural zero point. Finally, we might hold that utility is
measured on an absolute scale, that is, only the identity transforma-
tion preserves information. This means that actual utility numbers
are meaningful. Once a scale for utility has been chosen, we have
to make a decision about interpersonal comparability. Utility is non-
comparable when each individual can apply a transformation, from the
permissible class, independently from the other. Conversely, utility is
fully comparable when each individual has to apply the same transfor-
mation. Depending on the scale, some form of partial comparability
is also possible. For instance, if utility is measured on a cardinal scale
and it is unit comparable® then individuals’ positive linear transfor-
mations must have the same slope (a) but can have different intercepts
(b). By these moves, numerous alternatives to Arrow’s ONC can be
obtained, such as: cardinal-scale utility with no comparability (CNC),
cardinal-scale utility with full comparability (CFC); ratio-scale utility
with full comparability (RFC); ratio-scale utility with no comparabil-
ity (RNC); absolute-scale with full comparability (AFC). Now, Sen
proves that impossibility can be avoided only if some interpersonal
comparison is allowed. Thus, if ONC is replaced with CNC or RNC,
then we fall back into impossibility. However, if ONC is replaced with
CFC, RFC or AFC, then there are SWFLs that satisfy the analogous
Arrovian conditions plus an alternative to ONC. Thus, we see that
Arrow’s impossibility is mostly due to the meagre information his
social choice rule assumes. Conversely, given enough information,
social choices that satisfy the analogues of the Arrovian conditions
are possible.

After having exposed Sen’s social choice framework, Okasha ap-
plies it to theory choice (Okasha 2011, section 7). Accordingly, we

6Utility is unit comparable when it is meaningful to say statements like ‘indi-
vidual 1 prefers a switch from x to y more that individual 2 prefers a switch from x
toy'.
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start with a profile of “utility functions’” which are real-valued repre-
sentations of the weak preference orderings of each criterion. Then,
we define a ‘theory choice functional” that takes such a profile as input
and outputs an overall ranking of the theories. Now, we need to know
which conditions the theory choice functional should satisfy, namely
which profiles it should consider as informationally equivalent. This
issue needs to be addressed both for measurement scales and ‘inter-
criterion” comparability. As for the first point, Okasha notices that for
some criteria of theory choice an ordinal scale might be appropriate.
An example of this circumstance is Kuhn’s criterion of fruitfulness
for which differences in fruitfulness cannot be compared, i.e. they
are not meaningful. However, in certain contexts we can go beyond
ordinal measurement. For instance, in the statistical model selection
domain, the simplicity of a hypothesis is the number of free param-
eters it contains. That is, the simplicity of hypothesis ‘y = ax* + b’
is the integer 2, while the one of ‘y = ax*> + bx + ¢’ is the integer 3,
and so on. So, here simplicity is measured on an absolute scale as the
actual numbers are meaningful, thus only the identity transformation
preserves information. As for inter-criterion comparisons, which are
needed to escape from impossibility, Okasha (ibid., p. 104) observes
that they seem unlikely. In fact, he says, it is hard to see which the
basis of judgements like ‘the accuracy of T, is less than the simplicity
of T,” might be. However, one thing to notice is that when all criteria
are absolutely measurable, then inter-criterion comparability becomes
straightforwardly meaningful in the technical sense of invariance un-
der permissible transformations. In fact, if the utility functions that
represent simplicity and accuracy cannot be transformed without loss
of information, then neither can statements like ‘the accuracy of T; is
less than the simplicity of T,”. Thus, we see that when all criteria
are absolutely measurable, the theory choice functional that trades
them off satisfies AFC. However, there are many algorithms that sat-
isfy the analogous Arrovian conditions plus an alternative to ONC
that allows for inter-criterion comparability. Thus, the informational

7To stress the formal analogy between Sen’s framework and the theory choice
problem, Okasha refers to the real-valued representations of the weak preference
orderings of each criterion as ‘utility functions’, even if they are not. However, as
he himself (2011, p. 102, n 18) mentions, Kelsey (1987) points out that the functions
in an SWFL do not necessarily have to be considered as utility functions.
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basis approach leads us back to Kuhn’s argument: there are many
acceptable algorithms for theory choice.

1.3 Narrow domain of application of Sen’s es-
cape route: two solutions

A general moral can be drawn from the application of Sen’s escape
route to theory choice considered at the end of the previous section.
That is, criteria have to be measured on a scale that implies a tech-
nically meaningful form of inter-criterion comparability®. As seen
before, this is the case when all criteria are measured on an absolute
scale.

Such a way of applying Sen’s escape route to theory choice raised
some concerns. Specifically, Stegenga (2015, p. 272) highlights that it
has a narrow domain of application so that impossibility can be rarely
escaped. This is due to the fact that the majority of criteria are not
measured on an absolute scale. Indeed, Stegenga argues (ibid., sec-
tion 4) that ubiquitously criteria provide ordinal information about
the theories. He bases his claim essentially on two considerations.
First, some criteria are always measured on an ordinal scale, like fruit-
fulness, as already noticed by Okasha. Second, mostly some criteria
are measured on an ordinal scale, as it is the case for simplicity. In
fact, he agrees with Okasha that in some contexts simplicity can pro-
vide more than ordinal information, like in the statistical model selec-
tion domain. However, this is a narrow domain that does not cover
many interesting cases in science where there are no parameters to
count in the theories. Examples are the choice between an eccentric
or epicyclic structure of solar motion or whether genes are composed
of proteins or of DNA.

Actually, Stegenga’s observations about simplicity being in some
cases only ordinally measurable and in some others more than ordi-
nally do not take Okasha (2011, p. 282) by surprise: “I agree with

8 Actually, Okasha (2011, p. 104) mentions another way to apply Sen’s escape
route to theory choice that does not require a technically meaningful form of inter-
criterion comparability, namely when criteria are each measured on their own ratio-
scale (i.e. RNC). This, in fact, permits a limited form of inter-criterion comparability,
and avoids Arrovian impossibility as long as ‘utilities” are non-negative. However,
since the following discussion can be applied also to this case, for brevity, I did not
consider it.
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this; indeed I said as much in my own paper”. As a matter of fact, in
Okasha 2011 (p. 103), we read:

“It may be that for the ‘large scale’ theory choices that
Kuhn was interested in, ordinal comparisons are all that
can be achieved. But it seems clear that in other more
humdrum cases, particularly where the problem may be
formulated statistically, we have much more than ordinal
information at our disposal”.

Thus, from these considerations, it seems that when we go beyond
the statistical domain (e.g. statistical model selection), and we try to
choose among different key theories?, e.g. different models of solar
motion, Kuhnian criteria can provide only ordinal information. So, a
question arises: is there a way to escape from impossibility for large
scale theory choices relying on Kuhnian criteria? It seems to me that
two answers can be given, which I will consider in turn, but before
let me explain why we should care about this rescue.

As Okasha (2011, p. 94) observes, choices among key theories tend
to be binary (e.g. geocentrism versus heliocentrism, oxygen versus
phlogiston, and so on), and so no Arrow’s theorem applies to them.
In fact, as pointed out in section 1.2, Arrovian impossibility obtains if
there are at least three alternatives to choose among. But, as Okasha’s
observation suggests, this may not always be the case. Moreover, even
if pragmatically large scale theory choices are just binary, we may be
interested in how to achieve a rational evaluation of different key
theories of the same domain based on Kuhn'’s criteria. Arguably, this
is what motivated Stegenga’s worry that Sen’s escape route does not
apply to choices among keys theories.

Let us go back now to the two answers to the aforementioned
question. The first one investigates whether it is really the case that for
large scale theory choices, the criteria isolated by Kuhn are measured
only on an ordinal scale. For example, let us consider fruitfulness,
the ordinally measurable criterion par excellence. In particular, let us

9By this term, I refer to the theories at the foundations of the paradigm, i.e. the
applications of these theories in the solution of important problems, along with the
new experimental or mathematical techniques employed in those applications (see
Bird 2018, section 3). Thus, choosing among these theories involves a paradigm
change. This is why such choices are on a large scale, as Okasha says in the quote
above.
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focus on one meaning of fruitfulness that may be employed in such
choices, i.e. a fruitful theory correctly predicts surprising phenomena
(e.g. W. Salmon 1990, p. 199). (I specify that I take into consideration
one particular meaning of fruitfulness because Kuhnian criteria are
ambiguous, namely they can be understood in different ways. Indeed,
this is the other reason why, together with the weighting problem,
these criteria do not uniquely determine theory choice (Kuhn 1977, p.
324)"°. One way to measure such a criterion could be the following.
Let us consider a set X = Ty,..., T, of competing theories and a set Y
= ey4,..., ey of occurred surprising phenomena. Given that the more
surprising the phenomenon is, the less probable it is (e.g. Earman
1992, p. 64), we can measure the surprising character of the latter, i.e.
S(e;), in the following way:

S(e;) =1 —P(e;) (1.1)

Thus, we can define the fruitfulness of a theory as the weighted
sum of the phenomena’s probability, namely:

F(Ty) = ) (1 —P(e;))f(Tye;), f(Tyei) =

{1 if T; predicts e;
i=1

0 if T; does not predict e;

(1.2)

So, ultimately, the fruitfulness of a theory is measured by the sum
of probabilities representing the surprising character of the phenom-
ena it predicts. Now, since probabilities are measured on an absolute
scale as the actual numbers are meaningful®?!, fruitfulness as defined
by F(Ty) is measured on an absolute scale too. Moreover, a similar
reasoning might lead us to conclude that an absolute scale is appro-
priate also for other meanings of the Kuhnian criteria which we may
employ, along with the aforementioned understanding of fruitfulness,
to choose among theories. If this is the case then, as pointed out in
section 1.2, inter-criterion comparability becomes technically mean-
ingful and impossibility can be escaped.

°However, Okasha argues that the ambiguity problem collapses into the weight-
ing one (see Okasha 2011, p. 85).

"Probabilities are measured on an absolute scale if we stick to the convention
of assigning probability one to the sure event. Otherwise, they are measured on a
ratio scale.
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Some results in the literature seem to support the possibility of
solutions on these lines. For instance, Bovens and Hartmann (2003, p.
612) propose a probabilistic measure of coherence of an information
set, i.e., a set of propositions that we have acquired through gathering
of information. And they propose to apply this measure to Kuhn's
internal consistency, which they interpret as a sort of coherence of an
information set (p. 602). This interpretation is based on a specific
view of theories. But if this view applied to key theories, and if some
other assumptions were met (see p. 628), then we could measure
internal consistency using probabilities, meaning that it would be ab-
solutely measurable. However, Bovens and Hartmann warn us that
there could be theories that cannot be compared using their measure.
So, it could be the case that some key theories could not be compared
in terms of internal consistency. In other words, internal consistency
would not yield a complete preference ordering, and thus it would
not fit Arrow and Sen’s formal apparatus in the first place. Be it as
it may, Bovens and Hartmann’s important result still suggests that a
cardinal measure of consistency is possible.

That said, it is still a work in progress to ascertain whether other
meanings of the Kuhnian criteria may be measured on an absolute
scale. Thus, in the meantime, I will assume that they can provide
only ordinal information, and I will see if another answer is possible.
Indeed, it is. It relies on two claims: (i) the Bayesian theory choice
functional, whose ‘criteria” are the prior probability and the likeli-
hood, is not subject to Arrovian impossibility; (ii) thus, one can use
Kuhn’s values to determine the terms in Bayes’ theorem. Let us see
in more details these two points.

According to orthodox Bayesianism, the hypothesis” probability in
light of the new evidence should be revised following the principle of
conditionalization. That is, given a set X = {T;,..., T;;} of mutually ex-
clusive and jointly exhaustive hypotheses'?, when we learn evidence
E for certain:

P(T;)P(E|T))

Pe(T)) = P(GIE) = 5y = 71 P(T;)P(E[T;) "

Respectively, a set of hypotheses that cannot be true at the same time and
where at least one of them must be true.
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P’g(T)) is the hypothesis’ probability after we have learned E,
P(T;|E) is the hypothesis” probability before E is actually learned, called
‘posterior probability’. The latter is expressed by means of Bayes’ the-
orem, in which P(T) is the prior probability of the hypothesis, while
P(E|T) is the likelihood. These two terms assign to each hypothesis
a real number belonging to the interval [o; 1] measuring respectively
the truth (or acceptability) of the hypothesis before the evidence, and
how probable the evidence is in light of the hypothesis’3. However,
for our purpose, we do not need the entire Bayes’ theorem, but only
its numerator, i.e. P(T;) x P(E\T]-). In fact, given competing theories
T4,..., Ty and a body of evidence E, we are not interested in the exact
value of their posterior probabilities, but only in their comparison.
Thus, we can ignore the denominator of Bayes’ theorem, which does
not depend on any particular theory. In what follows, I will call the
quantity P(T;) x P(E|T]~) ‘Bayesian algorithm for theories” comparison’.

To see how Bayesianism translates in terms of Sen’s social choice
framework, consider P(T;) and P(E|T;) as “utility functions’. Then, en-
code the information they provide about the theories in the profile
<P(T;), P(E|T;)>. Next, consider the function that takes such a pro-
file as input and outputs the ranking of the theories generated by the
quantity [P(T;) x P(E|T;)]. This is our theory choice functional. Let us
call it ‘Bayesian theory choice functional” (BCF) and ask if it satisfies
the four Arrovian conditions. BCF meets conditions P’, I’, N". Respec-
tively, if T, has a higher prior probability and a higher likelihood than
T,, then it is ranked higher by BCFE. Whether T; or T, is ranked higher
by BCF is exclusively determined by the priors and likelihood of those
two theories. Neither the prior nor the likelihood can dictate over the
other. Conversely, BCF does not satisfy condition U’. Its domain does
not contain all possible profiles, i.e. pairs of real-valued functions: as
highlighted before, the prior probability and likelihood functions can
only take on values in the interval [o; 1]; moreover, it is required that
2(Ty) = 1.

Thus, BCF jointly satisfies conditions P’, I', N’. Why is that? Two
reasons can be given. First, Arrow’s theorem, which in Sen’s frame-
work requires condition ONC, does not apply because BCF does not
satisfy condition U’. Second, even if BCF does not meet U’, Arrow’s

BBFor a complete exposition of orthodox Bayesian approach to scientific infer-
ence, see the introduction of Stephan Hartmann and Jan Sprenger’s book Bayesian
Philosophy of Science (2019).
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theorem applies nonetheless, as the restricted domain retains enough
variety for what is essentially Arrow’s result. And BCF escapes it
thanks to the fact that it satisfies condition AFC because probabilities
are measured on an absolute scale as the actual numbers are mean-
ingful. Now, Okasha proves (2011, Appendix) that, with the domain
restriction appropriate to BCF, Arrow’s theorem applies. Thus, the
reason why BCF jointly satisfies P’, I’, N” is that it escapes Arrow’s
result by satisfying AFC.

As for the second point, we have to investigate how Kuhn's criteria
relate to the terms in the Bayesian algorithm for theories” comparison.
But, in order to do that, first, we need to consider more closely what
these five criteria consist of. This is not an easy thing to do because,
as mentioned before, these criteria are ambiguous. Thus, in what
follows, I will present them relying on what I think are the most
common understandings of these criteria.

Accuracy, Kuhn (1977, p. 321) says, is the agreement between
the consequences deducible from a theory and the results of existing
experiments and observations. As for consistency, this criterion has
two dimensions: an internal and an external one (ibid., pp. 321-322).
According to the former, a theory should not have internal contradic-
tions, while the latter states that it should be compatible with other
accepted theories. Regarding simplicity, Kuhn points out that a sim-
ple theory brings order to phenomena that otherwise would be indi-
vidually isolated and, as a set, confused (ibid., p. 322). However, on
this base, there are still lot of ways in which a theory can be simple.
Longino (1996, p. 43) believes that the most common understanding
of simplicity is ontological. In fact, every theory stipulates an on-
tology, i.e. entities and processes, and the simpler theory is the one
that stipulates the fewer number of them. Newtonian mechanics then,
which applies to all that bodies characterized by extension, hardness,
impenetrability, mobility and inertia, is simpler than Aristotle’s one
which stated that there were four (sublunary) elements, each with
distinctive properties. Let us now consider fruitfulness. Kuhn (1977,
p- 322) says that a fruitful theory discloses new phenomena or previ-
ously unnoted relationship among those already known. Again, this
criterion has many aspects. As we have seen earlier in this section, one
sort of fertility involves the correct predictability of surprising phe-
nomena. As such, this understanding of fruitfulness comprises two
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criteria: correct prediction, i.e. accuracy, and the surprising character
of what is predicted. Finally, as of scope, Kuhn (ibid.) explicates it by
saying that: “a theory’s consequences should extend far beyond the
particular observations, laws, or subtheories it was initially designed
to explain”. This item also can be characterized in various ways. One
of these could be the diversity of phenomena that can be explained by
the basic principles of a theory. Again, Newton’s mechanics exempli-
fies this criterion, since many theretofore different phenomena (from
falling bodies to orbiting planets) fell into the range of the three laws
of motion.

Let us see now how these criteria relate to the terms in the
Bayesian algorithm for theories” comparison. To address this issue,
the first thing to notice is that, as Longino (1996, p. 41) points out,
Kuhn’s items overlap with philosophers’ lists of ‘epistemic” values,
the constant being accuracy (e.g. Quine and Ullian 1978; Longino
1990; Laudan 1990). That is, they are considered as counting for the
truth (or acceptability) of hypotheses. On this base then, those Kuh-
nian criteria which do not make reference to the agreement with the
evidence are suitable to be reflected by the prior probability, which, as
seen just now, represents the probability of the hypothesis’ truth (or
acceptability) before the evidence. Internal and external consistency,
simplicity, and scope are of this kind. Whether a theory is more in-
ternally or externally consistent than another, simpler or if it has a
broader scope does not depend on its agreement with observations
or experiments. Rather, it has to do with inner features of the theory
such as how it is formulated, how it relates to accepted theories, how
many principles it postulates to explain a given phenomenon, and
how broad is the range of such principles. However, this is not the
case for accuracy and fruitfulness. Accuracy, indeed, is the agreement
between the consequences deducible from a theory and the evidence,
and its proper place is the likelihood. To see this, consider the follow-
ing historical example. Copernican cosmology (T,) implies the Venus’
phases (evidence E), whereas Ptolemaic system (T,) the opposite (=E).
Then, Galileo observed the phases. So, according to the accuracy cri-
terion, since T;’s consequence agrees with the observation, but T,’s
one does not, T, is more accurate than T,. Now, in Bayesian terms,
since E is observed, we have to apply the principle of conditionaliza-
tion with respect to E. Given that T, implies E, P(E|T;) = 1, whereas

22



1.4. Stegenga’s objection

T, implies the negation of E, so P(E|T,) = o. That is, when the the-
ory’s consequence agrees with the observation, the likelihood is 1.
Conversely, when the theory’s consequence does not agree with the
observation, the likelihood is 0. Let us now consider fruitfulness. As it
was highlighted before, the understanding of fruitfulness considered
can be seen as a combination of two criteria: accuracy and the surpris-
ing character of what is predicted. The accuracy part, as argued just
now, is reflected by the likelihood. The surprising character of the ev-
idence, on the other hand, is captured by a low value of P(E), where
E is the body of surprising phenomena that the theory in question
correctly predicts. And it can vary from theory to theory depend-
ing on which surprising phenomena the theory under consideration
correctly predicts. The Bayesian algorithm for theories comparison
cannot capture this sense of fruitfulness. As we have seen, in the al-
gorithm E is not the body of surprising phenomena, which changes
for every theory, but rather it is the total body of evidence under con-
sideration, which means that E and consequently P(E) are the same
for every theory: thus, P(E) can be ignored to compare theories. That
said, my aim is not to provide an escape from Arrovian impossibility
for large scale theory choices based on all possible interpretations of
Kuhn’s criteria. Rather, it is to show one way out of the impossibility,
however incomplete. For this reason, in what follows, my discussion
will not consider fruitfulness.

To sum up, so far, we have seen that four of the Kuhnian criteria
can bear on the prior probability, i.e. consistency (in its two dimen-
sions), simplicity, scope. Accuracy, on the other hand, is reflected by
the likelihood.

Now, since the four criteria that bear on the prior can pull in dif-
ferent direction, we can say for the evaluation of the prior probability
the same thing Okasha says about Kuhn’s argument. That is, there
can be many acceptable algorithms to determine the prior probabil-
ity, each of which weights the criteria differently. This consideration
leads us directly to the next section.

1.4 Stegenga’s objection

In the second part of section 1.3, we have seen a way to escape from
impossibility for large scale theory choices based on (some of) the
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Kuhnian criteria. The strategy consisted of two steps. First, it was
highlighted that the Bayesian theory choice functional is not subject to
Arrovian impossibility. Second, it was argued that (some of) the Kuh-
nian values could be used to determine the prior probability and the
likelihood, which are, in turn, criteria of the Bayesian theory choice
functional. Particularly, it was seen that accuracy is reflected by the
likelihood, while consistency (in its two dimensions), simplicity, and
scope have a bearing on the prior probability. Since these latter cri-
teria can pull in different directions, we can conclude that there are
many acceptable algorithms to determine the prior probabilities of
the theories on the basis of Kuhn's criteria.

An objection to the conclusion just reached may arise from an ob-
servation made by Stegenga (2015, p. 273), who wonders what hap-
pened to Kuhnian criteria Okasha started with, since they disappear
in his discussion about Bayesianism:

“perhaps the Kuhnian theoretical virtues help deter-
mine the values of P(T;) and P(E|T;). But such a determi-
nation would require some sort of algorithm to translate
the application of the virtues into probabilities. Based on
Okasha’s own analogy, such an algorithm would face an
Arrow’s analogue, since Arrow’s axioms — unanimity'4 ,
non-dictatorship, etc. — would obviously apply to such an
algorithm” (emphasis in the original).

If this is true, then the second strategy to save from impossibil-
ity theory choices among key theories relying on Kuhn's criteria no
longer works. For, Arrovian impossibility obtains anyway when we
use these criteria to evaluate the terms in the Bayesian algorithm for
theories” comparison. However, this is too quick. Firstly, for reasons
provided in section 1.3, only one of the Kuhnian criteria can help to
determine the likelihood, i.e. accuracy. Thus, no Arrow’s analogue
arises as Arrow’s theorem applies to a set N of two or more individ-
uals. Conversely, Arrovian impossibility might arise for the determi-
nation of the priors on the base of simplicity, internal and external
consistency, and scope. The latter, in fact, constitute a four-person
society in Arrow’s framework. Hence, Stegenga’s objection should be
aimed at an algorithm that assigns prior probabilities to the theories

MUnanimity’ is another way to call the Pareto condition.
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on the base of the four Kuhnian criteria just mentioned. From now
on, I will call this algorithm “Stegenga’s algorithm’. That said, the real
problem with Stegenga’s claim is that for an algorithm of the kind he
has in mind, we cannot ask whether it satisfies or not Arrow’s con-
ditions. For, these conditions are defined for a function that takes as
input a profile of social-alternative-rankings and outputs an overall
ranking of the social alternatives. Now, while the input of Stegenga’s
algorithm is analogous, i.e. a profile of theory-rankings, its output
is different, namely it is a list of real numbers representing the prior
probabilities of the theories. In other words, Arrow’s conditions are
defined for a function that has a different mathematical form from
the one Stegenga has in mind. Thus, it does not make sense to ask if
conditions defined for the former apply to the latter. Therefore, con-
trary to what Stegenga says, Arrow’s theorem tells us nothing about
the impossibility of algorithms that assume as input theory-rankings,
one for each of Kuhn'’s criteria and outputs a list of prior probabilities.
It may be that some kind of impossibility arises for such algorithms,
but it is not an Arrovian impossibility, so our second strategy still
stands® .

Nonetheless, Stegenga’s observation raises an interesting question,
namely if the Arrow-style rule, associated with Stegenga’s algorithm,
suffers from Arrovian impossibility. I will tackle this issue in what
follows. Let us rank order the theories by their decreasing prior prob-
ability assigned to them by Stegenga’s algorithm. Then, consider an
algorithm that outputs such an order, and that assumes as informa-
tion the theory-rankings of each of the four Kuhnian criteria that can
bear on the priors. I will call this algorithm “prior probability rule’

5In what follows, I will consider whether the Arrow-style rule derived from
Stegenga’s algorithm is subject to Arrovian impossibility, and I will conclude that
it is still an open question. Now, one might be tempted to argue that, since, such a
rule is derived from Stegenga’s algorithm, the latter has the same fate. That is, it is
yet to be seen if Stegenga’s algorithm suffers from a sort of Arrovian impossibility.
However, this is not obvious: it has to be proved that what holds for the Arrow-style
rule derived from Stegenga’s algorithm is somehow inherited by the latter. For the
moment, the only sure thing is that we cannot ask whether Stegenga’s algorithm
satisfies or not Arrow’s conditions, and so if it is subject or not to Arrovian impos-
sibility. That said, if such a proof can be made, then also the judgement about our
second solution should be suspended. But, as I will highlight at the end of this
section, if it turns out that the meanings of Kuhn’s criteria we are considering are
absolutely measurable, as I suggest in section 1.3, then the Arrow-style rule derived
from Stegenga’s algorithm is not subject to Arrovian impossibility, even if we have
yet to understand why.
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(PPR). PPR has the same mathematical form of Arrow’s social choice
rule, so, now, it is sensible to ask whether it satisfies analogous Arro-
vian conditions. Thus, does it? Let us see if this is the case by taking
them into consideration one by one.

P: such a condition translated for our rule states that if theory T,
does better than theory T, by each of the four Kuhnian crite-
ria, then it should be preferred overall by PPR. This condition
seems satisfied. As seen in section 1.3, the Kuhnian criteria at
hand are considered ‘epistemic’, i.e. as conducing to the truth
of the hypothesis. Thus, if T, does better than T, by each of
them, then it should surely have a higher prior probability, i.e.
a higher probability to be true before the evidence, according to
Stegenga’s algorithm. But, PPR yields an order of the theories
by their decreasing prior probability assigned to them by Ste-
genga’s algorithm. So, T; should be preferred overall to T, by
PPR.

N: according to this condition, there should not be any criterion such
that if T, is ranked above T, by that criterion, then T, is placed
before T, by PPR in the overall ranking. This condition is met
as long as we concede that all the four Kuhnian criteria are rele-
vant for the determination of the prior probability in Stegenga’s
algorithm. In fact, again, PPR outputs a ranking the theories in-
duced by the prior probabilities assigned to them by Stegenga’s
algorithm. Thus, if we agree that Stegenga’s algorithm should
not have a dictatorial criterion, then neither PPR.

I: this condition translated in terms of our algorithm would say that
how PPR orders T, and T in the overall ranking should depend
only on how criteria rank T; and T,, and not on how they rank
other theories. Again, this condition seems reasonable because
it can be argued that a rational evaluation of the prior probabil-
ities, according to Stegenga’s algorithm, should not depend on
irrelevant factors. But, since PPR yields an order of the theories
by the prior probabilities assigned to them by the latter, then the
same thing can be said for PPR.

U: according to this condition, there should be no a priori restriction
on the possible profiles that PPR can assume as input. This con-
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dition seems to hold for the same considerations Okasha pro-
vided for the theory choice rule (see section 1.2). That is, there
is no reason to think that trade-offs (or correlations) between
two of the Kuhnian criteria must always obtain. The only differ-
ence is that now the targets of such a consideration are the four
Kuhnian criteria at hand, and not all of them.

Thus, it seems that there is no acceptable prior probability rule,
i.e. a probability rule that jointly satisfies P, I, N, and U. However,
this is too hasty. For, an objection to Okasha’s argument made by
Morreau (2015) can be relevant also for the conclusion just reached.
Let us see then what this objection consists of, and how it relates to
our discussion.

Morreau argues that Arrow’s theorem does not apply to the the-
ory choice rule because the latter does not meet condition U. More
precisely, this condition translated for such a rule would say that the
domain of the theory choice rule should contain all possible profiles,
i.e. all the possible combinations of any ordering at all of the alterna-
tives. It makes sense to impose this condition on the rule only if: (i)
each criterion is capable of preferences corresponding to any logically
possible ordering of the theories; (ii) each criterion is capable of these
preferences independently of all the others. Otherwise, U would ask
the rule to handle profiles that will never arise. Okasha states the
applicability of U just focusing on point (ii) (see section 1.2). But he
overlooks that some of Kuhn’s criteria do not meet point (i). That
is, they are ‘rigid” (Morreau 2015, p. 248) in that they can order the
alternatives in just one way, and the presence of only one rigid cri-
terion is enough for U not to apply. As Morreau (ibid., pp. 247-250)
rightly observes, the notion of rigidity can be fully understood by
comparing a non-rigid criterion with rigid ones. Of the first kind is
accuracy, supposing that it can be intended as the extent to which a
theory agrees with available empirical data. Now, different orderings
of the alternatives on the base of accuracy are possible depending
on which data are available. One example of the second kind is one
meaning of simplicity that Kuhn (1977, p. 324) mentions discussing
the choice between Copernican and Ptolemaic systems, i.e. simplicity
as the computational labour required to predict the positions of the
planets. This criterion is rigid because there is nothing on which the
order it assigns to the theories depends in the same way in which
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the order accuracy assigns to theories depends on available data. In-
deed, it is about features of the theories it is comparing which cannot
change without the theories losing their identity. Whether it is easier
to predict the positions of planets using Copernican or Ptolemaic sys-
tem depends on the geometry of these models which cannot change.
In fact, these theories could not have had a different geometry, and
still remain the theories that they are. Thus, this criterion can order
the theories in just one way, and in this sense, it is rigid. So, what
do we have to conclude from this? First, notice that condition U is
known to be unnecessarily strong, hence we do not need a full variety
for Arrow’s theorem to apply. Still, we need to have a lot of variety.
But, the domain restriction considered before is severe, which makes
Morreau concludes that Arrow’s theorem tells us nothing about the
possibilities of deriving an overall ranking of the theories.

Now, Morreau’s observation may apply also to condition U of our
algorithm, PPR. For example, consider again simplicity as the number
of principles postulated by the theory to explain a given phenomenon,
and scope as the range of application of these principles. Intuitively, it
seems that such features cannot be different without the theory being
a different theory: Newton’s mechanics would have been a different
theory, had it postulated a different number of laws, and had not
such laws applied to the lunar and sublunar motion. As mentioned
before, even the presence of only one rigid criterion makes the do-
main restriction severe. So, we should conclude, along with Morreau,
that Arrow’s theorem does not have any consequence at all on the
possibilities of prior probability rules.

Unfortunately, Morreau’s optimism is misplaced, as Okasha (2015)
points out. The main reason for this is that it is still an open ques-
tion whether Arrovian impossibility can be obtained with a weaker
domain assumption than U, consequence of the rigid criteria. In fact,
while it was proved that impossibility can be derived with weaker
domain assumptions (see Gaertner 2001), until now, there does not
seem to be any result in the literature that settles the issue for do-
mains restricted by rigid criteria. Actually, Morreau (2015, p. 250, n.
12) is aware of this, so his claims about Arrow’s theorem not affecting
theory choice are misleading. Rather, in light of this unresolved math-
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ematical problem, the right reaction is to suspend the judgement, and
the same goes for PPR™.

Finally, consider that if it turns out that the meanings of Kuhn'’s
criteria we are considering are absolutely measurable, then not only
does PPR not satisfy U, but it also does not satisfy I. To see this, re-
member what was said about condition I in section 1.2: it is captured
by saying that if each criterion’s preference for T, over T, is the same
in two profiles, then the theory choice rule, when applied to both pro-
files, must yield the same overall ranking for T, and T,. Thus, in the
generalized Sen’s framework, I is a combination of I’ and ONC. Now,
if the aforementioned meanings of Khun’s criteria are actually abso-
lutely measurable, then PPR satisfies AFC, and not ONC. Thus, we
are left with an open question related to the one above, which relies on
a reasoning similar to the one made in section 1.3 to understand why
BCF jointly satisfies conditions P/, N’, I'. That is, for similar consider-
ations of before PPR jointly satisfies P’, N’, I'. But, why is that? Two
answers are possible. The first one is that Arrow’s theorem, which
in Sen’s framework requires condition ONC, does not apply because
PPR does not satisfy condition U’. The second one is that, even if PPR
does not meet U’, Arrow’s theorem applies nonetheless, and PPR es-
capes it thanks to the fact that it satisfies condition AFC. In other
words, the Arrow-style rule derived from Stegenga’s algorithm is not
subject to Arrovian impossibility, but we do not know why yet. And,
to solve this dilemma, we first have to answer our first open question.

©Notice that a typical proof of an Arrow-style impossibility theorem requires the
domain to be unrestricted with respect to at least a triple. That is, there has to be
at least an unrestricted triple, i.e. some three alternatives that can be ordered in all
possible ways (Morreau 2019, section 4.1). But, if (some of) the meanings of Kuhn's
criteria considered are rigid, we do not have the unrestricted triple we need for an
Arrow’s theorem to apply. So, it could be thought that the right reaction is not to
suspend the judgement, but to state that Arrow’s theorem is not worrisome for PPR.
However, the requirement of the unrestricted triple seems to be a sufficient, but not
a necessary condition for impossibility. For example, Morreau (2015, footnote 12, p.
250 and appendix, pp. 259-262) and Okasha (2011, pp. 289-290 and footnote 6, p.
290) present Arrow-style impossibility theorems that do not require the condition
of the unrestricted triple.
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1.5 Conclusion

I have proposed two ways to save from impossibility large scale the-
ory choices relying on Kuhn’s criteria. The first one showed that a
particular meaning of fruitfulness can be measured on an absolute
scale. This led us to conjecture that such a scale might be appro-
priate also for other meanings of the Kuhnian criteria which can be
employed, along with the understanding of fruitfulness at hand, to
choose among theories. If this will turn out to be the case, then a
technically meaningful form of inter-criterion comparability becomes
possible and impossibility can be escaped.

The second proposal suggested to use Kuhn's values to determine
the prior probability and the likelihood of theories. These are, in fact,
criteria of the Bayesian theory choice functional, which escapes from
Arrovian impossibility as it satisfies condition AFC. To show how
this can be done, I considered some meanings of Kuhn'’s criteria and
highlighted how they relate to the terms in the Bayesian algorithm
for theories” comparison. It turned out that accuracy is reflected by
the likelihood, while the prior is evaluated on the base of four crite-
ria (scope, simplicity, internal and external consistency) that can pull
in different directions. Because of this, Okasha’s interpretation of
Kuhn's argument suggests that there are many acceptable algorithms
for the assessment of prior probabilities. At this point, we have con-
sidered an objection. Stegenga (2015) claims that an algorithm that
translates the information provided by Kuhn's criteria in prior prob-
abilities satisfies Arrow’s conditions so that it is destined to the same
impossibility. We noticed that, if true, this consideration could jeop-
ardize the second solution proposed because Arrovian impossibility
obtains also if we use Kuhn'’s criteria to determine the terms in Bayes’
theorem. However, I pointed out that Stegenga’s claim is not worri-
some. In fact, the algorithm he has in mind has a different mathe-
matical form from Arrow’s social choice rule in that it outputs a list
of real number instead of a ranking of theories. So, we cannot ask
whether conditions defined for the Arrovian social choice rule apply
to Stegenga’s algorithm.

In any case, Stegenga’s observation raised an interesting question,
namely if the prior probability rule (PPR) associated with Stegenga’s
algorithm, suffer from Arrovian impossibility. We have seen that an
observation Morreau (2015) made against the applicability of condi-
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tion U to Okasha’s theory choice rule applied also to condition U of
our algorithm. In fact, we have seen that some of the Kuhn’s criteria
that can bear on the prior are rigid in Morreau’s sense. And, since it
is still an open question whether Arrovian impossibility obtains with
a domain restriction caused by rigid criteria, the judgement about the
impossibility of our algorithm was suspended.
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Chapter 2

The Old Evidence Problem and
the Inference to the Best
Explanation

2.1 Introduction

In the previous chapter, we have seen that the second solution con-
sisted of using Kuhn's epistemic values to evaluate the prior prob-
ability and the likelihood, which are criteria of the Bayesian theory
choice rule. Continuing on this path, this chapter will be dedicated to
explore the relationship between Bayesianism and another epistemic
value that goes by name of ‘explanatory power’, which refers to the
goodness of an explanation. Specifically, I will take into consideration
the ‘Inference to the Best Explanation’ (IBE), in which the explanatory
power of a hypothesis for a body of evidence deserves a special sta-
tus. And I will explore how IBE relates to a problem which has been
bedeviling the Bayesian theory of confirmation since Glymour (1980)
first described it, that is, the Problem of Old Evidence (POE). So, let
us see of what this relationship consists.

POE has been seen as a major descriptive flaw of the Bayesian con-
firmation theory, which struggles to account for a shared intuition of
scientific reasoning according to which a theory H can be confirmed
by a piece of evidence already known, i.e. by an old piece of evidence.

Different dimensions of POE have been highlighted (Eells 1985,
1990), and, accordingly, different solutions have been proposed to
them. Here, I will consider only two dimensions, i.e. the dynamic
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and static one. In the former, we want to explain how the discovery
that H accounts for the old evidence confirms H in the sense that it
raises the subject’s degree of belief in it. In the latter, instead, we want
to understand why the old evidence is and will be a reason to prefer
H over its competitors.

The chapter has three different aims. First, I will point out a techni-
cal shortcoming of the second of two recent solutions to the dynamic
dimension of POE, proposed by Eva and Hartmann (2020). Second,
I will highlight that these solutions can be read in terms of Inference
to the Best Explanation (IBE). In fact, by using a different formal ap-
paratus, both models show that learning that H is the only available
hypothesis that adequately explains the old evidence confirms H.

By making such a reading explicit, I will further gauge the weak-
nesses and strengths of the two models. More precisely, I will show
that Eva and Hartmann have in mind a specific understanding of
IBE’s core idea that explanatory considerations have a confirmational
import. On this base, pending the question if this is indeed the IBE’s
formulation descriptively used, I will point out that, while one con-
dition of their first model is not expression of such a formulation, the
only condition employed in their second model is.

As for the third aim, I will highlight that the explicit realization
that real cases of confirmation by old evidence are instances of IBE
sheds some light also on the static dimension of POE which now has
to be expressed in IBE terms. To solve the static dimension of POE so
expressed, I will rely on the counterfactual approach (Howson 1984,
1985, 1991), and on the Bayesian IBE (Lipton 2001; Okasha 2000). The
latter is a probabilistic version of IBE, according to which explanatory
considerations help to evaluate the terms in Bayes’ theorem. However,
we will see that the problems that haunt the counterfactual approach
recur even when it is used to solve the static POE in IBE terms.

To show my claims, I will follow this structure. In section 2.2, I will
introduce the old evidence problem for Bayesian confirmation theory,
its dynamic and static dimension, and the solutions proposed to the
them. In section 2.3, I will present Eva and Hartmann’s two novel
solutions to the dynamic POE, and the shortcoming of their second
model. Moreover, after having made explicit the connection of the
two solutions with IBE, I will further assess them in light of such a
connection. Finally, section 2.4 will focus on the static POE in IBE
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terms. After having introduced the Bayesian IBE, I will point out how
the latter can be employed, along with the counterfactual approach,
to solve the IBE’s reading of the static POE. Finally, I will explain how
the problems of the counterfactual approach can undermine also the
solution at hand. In section 2.5, the sums of the work will be drawn.

2.2 The old evidence problem, and its dimen-
sions

As said in the introduction, the old evidence problem states that the
Bayesian confirmation theory cannot account for the intuition accord-
ing to which a theory can be confirmed by an old piece of evidence.

The most famous instance of confirmation by old evidence is the
one of the Mercury perihelion shift (Glymour 1980). The advance of
Mercury’s perihelion was an anomalous piece of evidence, as it was
not explained by the available scientific theories, like Newtonian me-
chanics. Then, Einstein realized that his General Theory of Relativity
(GTR) accounted for this phenomenon. When such a relationship be-
tween the theory and the evidence was discovered, the evidence was
already known: the nature of Mercury’s perihelion had been object
of intense study by astronomers for many decades. However, accord-
ing to many physicists, the Mercury perihelion shift confirms GTR
because the latter resolves that observational anomaly.

From this example, we can derive a general pattern (Hartmann
and Sprenger 2019, pp. 131-132):

1. We start with an anomalous piece of evidence E.
2. At some point, it is discovered that theory H can account for E.

3. E is an old piece of evidence: at the time in which the rela-
tionship between H and E is developed, the scientist is already
certain or close to certain that E is real.

4. E confirms H because the latter resolves the observational
anomaly E.

Now, if we formalize this schema in a Bayesian fashion, we obtain:
P(H]E) = P(H)P(E|H)/P(E) = P(H) (2.1)

35



Chapter 2. POE and IBE

Indeed, since E is already known, the scientist’s degree of confi-
dence in it is maximal, i.e. P(E) = 1. From this, it follows that also
P(E|H) is equal to 1, as the following theorem holds: If P(E) = 1, and
P(H) € (o; 1), then P(E|H) = P(E|-H) = 1.

Given that the posterior probability of the theory, P(H|E), is equal
to its prior probability, P(H), E does not confirm H, according to
the notion of ‘confirmation as increase in firmness’ (Hartmann and
Sprenger 2019, pp. 50-55). The latter, in fact, states that E confirms
H if and only if P(H|E) > P(H). This is the relevant sense of con-
firmation in this example, as confirming evidence raises the rational
agent’s degree of belief in the theory. Thus, as announced, Bayesian
confirmation theory cannot explain the scientific intuition according
to which a theory can be confirmed by a piece of evidence already
known. From here, the problem of old evidence.

Different dimensions of POE have been highlighted (Eells 1985,
1990). Here, I will take into consideration only two of them, i.e. the
dynamic and static dimension, and I will briefly present the solutions
proposed to them.

2.2.1 The dynamic dimension of POE

In the dynamic POE, we find ourselves in a moment in time in which
H and its relationship with E are discovered. What we want to know
is how the discovery that H accounts for E raises the subject’s degree
of belief in H.

To understand this better, let us take into consideration again the
Mercury perihelion shift’s example. It took Einstein some time to find
out that GTR (H) entailed the anomalous shift (E), i.e. X = HF E
(Brush 1989, Earman 1992). By learning X, Einstein increased his
degree of belief in H, as X was a surprising fact, in line with the
scientific intuition that surprising evidence has more confirmational
value. So, we can take the inequality P(H|X, E) > P(H|E) to represent
Einstein’s actual degree of belief respectively after and before learning
X. How this actual degree of belief is reached is precisely what we
want to understand in the dynamic POE.

Notice that the confirming evidence is not E itself but learning the
logical fact X. Modeling this situation in a Bayesian fashion implies
an abandonment of the logical omniscient of the Bayesian agent who
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otherwise cannot learn the logical fact X, always part of her back-
ground knowledge. Such an abandonment is the common core of the
classic approaches to dynamic POE which, however, differ in relevant
respects. Let us see briefly what they consist of.

The first one I will consider is due to Garber (1983) who, as men-
tioned, abandons the logical omniscience of the Bayesian agent and
adds a new class of atomic sentences of the form X to the language L
of propositions about which the agent can have degrees of belief. A
new language L’ is therefore formed. This addition prompts the ques-
tion: which is the relationship between the new logical sentences X
and the preexisting sentences of the language, particularly H and E?
Garber answers this question by coming up with the following basic
constrains, which are nothing more than an instantiation of a basic
form of modus ponens, i.e. ‘if I am certain of H - E (X) and of H,
then I should also be certain of E”:

G1 P(EH, X) = 1.
Gz P(H|E, X) = P(H, X).
By G1 and G2, Garber proves the following results:

GT1 There exists at least one probability function on L’ such that ev-
ery non-trivial atomic sentence of the form X has a non-extreme
probability value P(X) € (o;1).

That is, it is possible to be genuinely uncertain about X in a coher-
ent way.

GT2 For any atomic sentence of the form X there are infinitely many
probability functions satisfying (i) P(E) = 1, (ii) P(H|X, E) >
P(HIE).

GTz2 is the crucial result: it is always possible to find a probability
function that solves POE in that the logical sentence X confirms H (i),
even if E is old evidence (ii).

A similar point is reached by Niiniluoto (1983). These results,
however, just show the existence of probability functions that solve
POE. What we need to know is the conditions that capture real cases
of confirmation by old evidence and that lead the scientist to conclude
that P(H|X,E) > P(HIE).
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This gap is filled by Richard Jeffrey (1983). Again, Jeffrey aban-
dons the Bayesian agent’s logical omniscient and adds two atomic
sentences to the language L. The first one is Garber’s X, while the
second one is Y = H + —E. Then, he introduces a bunch of con-
ditions from which he derives what we want to show, namely that
P(H|X,E) > P(H|E). That is:

J1 P(E) = 1.
J2 P(H), P(X), P(Y) € (o, 1).
J3 P(X, Y) =o.

J4 P(H|XVY) > P(H).

J5 P(H, —E, Y) = P(H, Y).

The adequacy of the proof relies on the plausibility of its condi-
tions. J1, J2, J3, and J5 seems to be plausible. J1 captures the fact
that we are dealing with the old evidence problem. J2 encodes the
standard assumption that to begin with we are not certain about the
truth of H and H  +£E. J3 is a consistency requirement: we believe
that H is consistent. Finally, J5 is an instantiation of modus ponens as
Gz is. Thus, the burden of the proof is carried by J4.

Earman (Earman 1992, p. 127) highlights that this condition has
some strange technical consequences. However, Sprenger (2015, p.
390) points out that its real problem is philosophical in that “it con-
flates an evidential virtue with a methodological one”. Let us see why.
J4 says that learning that a theory makes precise predictions about
some phenomena, even if the content of the predictions is not known
yet, increases the probability of the theory. For example, Newton was
convinced that his theory of gravitation (G) would have borned on
the phenomenon of the tides, even though it was not clear at the time
if G would have entailed it or not. Nonetheless, this led Newton to
accept G as a working hypothesis (Jeffrey 1983, pp. 148-149). It may
be that Newton followed a Popperian methodological rule preferring
theories with high empirical content, i.e. theories that make precise
predictions, and to develop them further, as they will help us to solve
scientific problems. However, this does not mean that the plausibil-
ity of a theory increases with its empirical content. As a matter of
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fact, Popper (2002, pp. 268-269) though the other way around: theo-
ries with high empirical content will have a low probability because,
since they make many predictions, they will have a higher risk of be-
ing falsified. This is why Jeffrey’s proof does not seem to be very
compelling.

Earman (1992, pp. 128-129) proposes alternative derivations of
P(H|X,E) > P(H|E), that use conditions J1, J2, J3 and J5, but replace
J4 with, respectively, two new conditions.

The first one is the following:

Ex P(H|X) > P(H|-X, —Y).

That is, learning that H implies E is more favorable to H than
learning that H gives no definite predictions about E. But Sprenger
(2015, p. 390) highlights: “this condition just seems to beg the ques-
tion”. In fact, as said before, what we want to show in the dynamic
problem of old evidence is that the probability of the theory after
learning X is higher than the probability of the theory before that
learning, so when H gives no definite predictions about E. Thus, this
conditions simply imposes something very similar to what we want
to show without offering any independent motivation.

The second alternative is the following:

E2 P(XVY)=1.

But, as Earman (1992, p. 129) himself acknowledges, this condi-
tion is too strong: it requires that the scientist, upon formulating H, is
certain that it either implies E or —E, which is an unrealistic assump-
tion.

Thus, all in all, the approaches considered so far struggle to work
or because they are incomplete (Garber and Niiniluoto’s ones) or be-
cause they rely on very problematic assumptions (Jeffrey and Ear-
man’s ones).

Hartmann and Fitelson (2015, p. 714) highlight another reason
why these solutions are not adequate. That is, they do not allow for
the natural possibility that explanatory facts, that can also be non-
deductive, can provide the basis for confirmation by old evidence.
Thus, they propose a new interpretation of X and Y. Namely:

* X: H adequately explains E.
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¢ Y: H’s best competitor (H’) adequately explains E.

Then, they derive P(H|X) > P(H) from the following qualitative con-
strains (assuming that P(E) = 1):

HF1 P(H|X, ~Y) >PH|-X, —Y).
HF2 P(H|X,-Y) >P(H|-X, Y).
HF3 P(H|X, Y) >P(H|-X, Y).
HF4 P(H|X, Y) > P(H|-X, =Y).

Prima facie these conditions seem plausible. According to HF1 and
HF2, H’s probability is higher supposing that it adequately explains E
and H’ does not, than supposing that H does not adequately explain
E, along with H" (HF1), or while H" adequately explains E (HFz).
Finally, HF4 makes two exclusive claims: H’s probability is strictly
higher, given that both H and H” adequately explain E, than whether
neither H nor H” adequately explain E; H’s probability, given the sup-
position that both H and H” adequately explain E, is equal to the one
H would have supposing that neither H nor H” adequately explains
E. Both of these claims seem to be compelling: one may be willing
to rank P(H|X, Y) strictly higher than P(H|-X, =Y), as X A Y implies
that H adequately explains the old evidence E, whereas - X A =Y im-
plies that H does not adequately explain E; on the other hand, it could
be argued that in both suppositions there is no difference between H
and H’" with respect to explaining E, and so there should not be a
difference between the two in terms of probability.

However, Eva and Hartmann (2020) point out that Hartmann and
Fitelson’s proposal is incomplete, as its conditions (HF1-HFj) are
jointly sufficient to guarantee P(H|X) > P(H), but they are not suf-
ficient to guarantee P(H|X A —Y) > P(H). That is, they allow for the
possibility that X A =Y can disconfirm H. And this is implausible:
learning that H adequately explains E and H’s best competitor (H’)
does not should always make us more confident in the truth of H.
In fact, in this situation, I become more confident that H is the only
way I can possibly account for the evidence and thereby become more
confident that H has to be true.
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2.2.2 The static dimension of POE

In the static dimension of POE, we find ourselves in a moment in
time in which belief changes caused by the discovery of H and its
relationship to E already happened. However, we want to say why E
is and will be a reason to prefer H over its competitors.

The standard approach to the static POE states that the confir-
mational relation between H and E has to be evaluated relying on
a counterfactual degree of belief function where E is not taken for
granted'. So, we are giving up the actual degrees of belief in E.

This means that the conditional probabilities, P(E|H) and P(E|—H),
are not equal to 1, as it would turn out if E is taken for granted, as
seen before. Thus, P(E|+H) describes the degrees of belief we would
have in E if we did not know that E and H were the case. Namely,
they describe our degrees of belief in E supposing H and H'.

This allows for a meaningful comparison between the likelihoods
to establish confirmation judgements. Let us see why. First of all,
notice that the denominator of Bayes’ theorem can be neglected as it
is the same for all the theories we are considering — remember, we
want to say why evidence E confirms H more than other theories.
Thus, we have that P(H|E) > P(—H|E) if and only if P(H)P(E|H) >
P(—=H)P(E|-H). Now, if P is an ‘impartial’ prior probability distribu-
tion, i.e. P(H) = P(H’), then P(H|E) > P(—H|E) if and only if P(E|H) >
P(E|—-H).

Going back to the Mercury perihelion shift example, we have the
latter confirmation judgement. For, P(E|H) = 1 because GTR implies
the Mercury perihelion shift, whereas P(E|H’) < 1, as Newtonian
mechanics and other theories do not make definite predictions about
E.

The main flaw of the counterfactual approach is that its novel in-
terpretation of probability raises many philosophical and technical
problems (e.g. Eells 1990, p. 208). For instance, it is not always the
case that we are able to say which our degree of belief in H given E
would have been, if we had not known E. This can happen for differ-

'The counterfactual approach to the static POE is primarily due to Colin How-
son (1984, 1985, 1991). However, subsequently, Howson (2017) abandons the coun-
terfactual approach presented in this section, by arguing that static POE can be
easily solved in an objective Bayesian setting. That said, my focus throughout the
article is how the old evidence problem emerges in the subjective Bayesianism, and
the solutions proposed to it
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ent reasons: in some cases, H would not even have been formulated
had E not been known; in some other cases, if the person’s degree of
belief in E had been less than one, the person would be dead now,
as their knowledge of E saved their life at some point on the past.
Moreover, such a modification of Bayesian confirmation theory would
inherit the well-known difficulties relating the proper interpretation
of counterfactual conditionals.

2.3 Eva and Hartmann’s two novel solutions
to the dynamic POE: the Inference to the
Best Explanation’s perspective

In a recent article, Eva and Hartmann (2020) propose two novel solu-
tions to the dynamic POE. Their common denominator is the observa-
tion that, in the real cases of confirmation by old evidence, hypothesis
H receives strong confirmation by old evidence E because it is the only
available hypothesis that adequately explains E. Indeed, both models
show that learning such a fact confirms hypothesis H. To put it in
other words, what confirms H is learning that H is the best expla-
nation of E. That is, real cases of confirmation by old evidence are
instances of the Inference to the Best Explanation (IBE).

However, the two authors never make an explicit connection to
IBE. I contend that such a connection allows to further gauge the
weaknesses and strengths of the two models. Showing the latter point
is the main purpose of this section (subsection 2.3.3). But, in order to
do that, first, I will present the two models, and point out a short-
coming of their second model (subsection 2.3.1). Then, I will briefly
explain what IBE is (subsection 2.3.2).

2.3.1 Eva and Hartmann’s two models

The first model aims to overcome the incompleteness of Hartmann
and Fitelson’s model (see end of subsection 2.2.1), by finding plausible
extra conditions, consistent with HF1-HF4, under which X A =Y does
not disconfirm H.

There’s no need to go very far, as this condition is a slight strength-
ening of condition HF4, namely HF4*: P(H|X, Y) = PH|-X, —Y).
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According to Eva and Hartmann, this assumption captures the idea
that, typically, hypotheses receive significant confirmation by the old
evidence only when they are the only hypotheses that adequately ex-
plain the relevant evidence. It does so - I believe - by telling us that
when H’s best competitor explains E as well as H does, H’s probabil-
ity is equal to the one it would receive if neither H nor H" adequately
explain E, which does not confer significant confirmation.

Then, they prove that HF1-HF4* are jointly sufficient to guarantee:
(1) P(H|X) > P(H); (2) P(H|~Y) > P(H); (3) P(H|X A =Y) > P(H). Thus,
we have the desired result: (3).

More specifically, the aforementioned idea is justified by the ob-
servation that it is what happens in the real cases of confirmation by
old evidence. Indeed, in the Mercury perihelion shift’s example, GTR
received such a strong confirmation because it adequately explained
E, and none of its competitors did. In fact, the competing hypotheses
- Le Verrier’s unobserved planet “Vulcan’, and Von Seeliger’s ring of
a particular matter around the sun (e.g. Crelinsten 2013) - were not
serious competitors to GTR when Einstein found out it implied E. If
there are competing theories which are also capable of adequately ex-
plaining the old evidence, then the degree of confirmation conferred
on the hypothesis by the old evidence would intuitively be far weaker,
and possibly negligible. For instance, if H € S, where S is a class of
mutually incompatible theories, and it is showed that all the theories
in S adequately explain some old evidence E, this proof will not do
much to increase our confidence in H, since it does nothing to distin-
guish H form its competitors.

The point just exposed suggests that scientists are primarily con-
cerned with the proposition A: “H is the only available hypothesis that
adequately explains E’. Accordingly, we need to show that the agent
increases her confidence in H because she becomes more confident
in A, without necessarily becoming certain of the truth of any individ-
ual proposition, i.e. ‘H adequately explains E’ and ‘H is the only
available hypothesis that adequately explains E’. Formally, by using
Jeffrey’s conditionalization, we want to show: P*(H) = P(H|A)P*(A) +
P(H|-A)P*(—A) > P(H).

In order to do this, Eva and Hartmann use only one minimal con-
straint A1: P(H|A) > P(H|—-A). That is, H is more likely to be true
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assuming that it is the only available hypothesis that adequately ex-
plains the old evidence than assuming that it is not.

From Az, it straightforwardly follows that, when the scientist be-
comes more confident in A, P*(H) > P(H)>.

When the scientist learns A for certain, then Jeffrey’s condition-
alization reduces to strict conditionalization, and we need to prove:
P*(H) = P(H|A) > P(H), which, again, straightforwardly follows from
A1, since the latter is equivalent to P(H|A) > P(H).

A last interesting remark Eva and Hartmann (p. 492) makes about
their second model is that it is closely related to the so called no
alternative argument” (NAA). Here are the reasons. Roughly, NAA’s
pattern is the following:

Premise 1: hypothesis H has some desirable features F.

Premise 2: despite significant effort, the scientific community has
been unable to find any alternatives to H that share those de-
sirable features F.

Conclusion: hence we have at least one good reason in favour of H.

In regard of this pattern, Eva and Hartman mention that Dawid,
Hartmann, and Sprenger (2015) provide a Bayesian analysis of NNA
and that they identify conditions under which the premises of the ar-
gument (especially premise 2) can provide legitimate confirmation to
H. Now, in the special case in which the features F of the premises de-
note the ability to adequately explain some existing body of evidence,
then the conjunction of the premises corresponds roughly to proposi-
tion A. So, assumption A1 can be seen as a particular instantiation of
the conclusion of NNA.

In drawing the sums on the two models, Eva and Hartmann point
out that they are continuous in that they both show that learning the
proposition ‘H is the only available hypothesis that adequately ex-
plains E” confirms H. This proposition, in the first model, is expressed
by X A =Y, and, in the second model, by A.

However, in theses final remarks, while remaining faithful to their
first model, Eva and Hartmann (pp. 491-492) distance themselves
from their first one, by arguing that it cannot be correct, as it assures

for the proof see Eva and Hartmann (2020), footnote n. 4, p. 491
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that (1) and (2), i.e. that both individual propositions X and —Y al-
ways confirm H. But, as they have stressed, the realization that H
accounts for E might not have confirmatory significance if we are in a
situation in which E has already been explained by all of H’s serious
competitors. By the same token, learning that none of H’s competitors
can explain E might have no confirmatory significance if we already
know that H also fails to explain E.

That said, one could also reasonably distance themselves from Eva
and Hartmann’s second model on the base that its only condition A1
begs the question, being too close to what, ultimately, needs to be
explained, i.e. P(H|A) > P(H)3. Now, Eva and Hartmann motivate the
simplicity of their model by saying that it models only those aspects of
the scientist’s cognitive state that are necessary to explicate the origin
of confirmation by old evidence. However, perhaps, a better trade-off
between the descriptive accuracy of the model and its informativeness
is needed.

2.3.2 What is Inference to the Best Explanation?

The core idea of Abduction or, as it is more commonly called nowa-
days, Inference to the Best Explanation is that explanatory consider-
ations have a confirmational import. Such an idea has been cashed
out in a variety of ways. Here, following Douven (2017), I will con-
sider three of them, which are all inference rules, starting with the
following:

ABD1 given evidence E and candidate explanations Hy, ..., H, of E,
infer the (probable) truth of that H; which best explains E.

The main problem with ABD1 is that it does not appear to be
normatively adequate as its reliability is based on conditions hard
to justify. In fact, in order for ABD1 to be reliable, we need two
necessary conditions:

1. In most of the cases, the best explanation relative to the hy-
potheses we have considered must also be the best relative to
the hypotheses we might have conceived. That is, the best abso-
lute explanation of the evidence has to be among the candidate

3My supervisor, Jan Sprenger, pointed this out to me
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hypotheses we have come up with. Otherwise, ABD1 would
lead us to consider probably true, and so to believe, “the best of
a bad lot” (van Van Fraassen 1989, p. 143).

2. In most of the cases in which the best explanation of the evi-
dence is also the best absolute explanation, the best explanation
is probably true.

However, 1 can be fulfilled only when we assume a predisposition
on the agent part to hit the best absolute explanation among the ones
she has considered. But, as van Fraassen points out (ibid., p. 144), it
is a priori implausible to suppose we have such a form of privilege.

The most promising response to the ‘argument of the bad lot” point
outs that the rule is asymmetric (e.g. Kuipers 2000, p. 171). Namely,
it has an absolute conclusion — the hypothesis is probably true — on
the basis of a comparative premise — the best explanation of the data
is relative to the available explanations of the data. This discrepancy
can be avoided in two ways: or by making the premise absolute as
well, or by making the conclusion comparative.

According to the first path, the probable truth of the best explana-
tion is not to be inferred only when the latter is the best explanation
with respect to the candidate explanations, but also when it is a sat-
isfactory (Musgrave 1988) or good enough (Lipton 1993) explanation.
Thus:

ABDz2 given evidence E and candidate explanations H,, ..., H, of
E, infer the (probable) truth of that H; which best explains E,
provided H; is satisfactory/good enough gua explanation.

The main problem with ABDz2 is that it relies on concepts, such
as the satisfactoriness of an explanation or its being good enough, of
which we lack a full understanding.

Conversely, as announced before, the second option derives a com-
parative conclusion from a comparative premise:

ABD3 given evidence E and candidate explanations Hy, ..., H, of E,
if H; explains E better than any of the other hypotheses, infer
that H; is closer to the truth than any of the other hypotheses.

ABD3 requires, instead, an account of closeness to the truth. But
many accounts of this kind are available today (e.g. Niiniluoto 1998).
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The bright side of the latter two definitions is that, despite the
shortcomings, their reliability is not based on an implausible form of
privilege as ABD1’s one.

2.3.3 Weaknesses and strengths of the two models form
IBE’s point of view

Armed with what said in the previous two sections, it is now time to
make explicit the connection between IBE and Eva and Hartmann’s
two models, and to further assess the latter in light of such a connec-
tion.

In order to do that, the first thing to understand is which of the
three formulations of IBE considered in subsection 2.3.2, if any, comes
out from Eva and Hartmann’s discussion.

As pointed out in subsection 2.3.1, the two authors contend that in
the real cases of confirmation by old evidence, hypothesis H receives
strong confirmation by old evidence E, because H is the only available
hypothesis that adequately explains E. At a closer look, it can be seen
that such an idea is expressed both in terms of confirmation as firmness,
and in terms of confirmation as increase in firmness*.

According to the former, learning that H is the only available hy-
pothesis that adequately explains E (e.g. X A —Y) strongly confirms
H because P(H|X A —Y) = t, where ¢ is a high value. This is how the
idea is captured by condition HF4*: P(H|X, Y) = P(H|—X, —Y). Here
is why. Remember that such a condition captures the aforementioned
idea by, presumably, telling us the following: when H’s best competi-
tor explains E as well as H does, H’s probability is equal to the one H
would receive if neither H nor H” adequately explain E, which does
not confer a significant confirmation. Thus, ultimately, HF4* captures
the idea at hand by saying that (X A Y) does not strongly confirm H,
as P(H|X, Y) = t, where f is not a significantly high number. Namely,
(X AN'Y) does not strongly confirm H according to the sense of confir-
mation as firmness. So, when the idea according to which hypothesis
H receives strong confirmation by old evidence E because H is the
only available hypothesis that adequately explains E is captured by

4For the distinction about these two senses of confirmation, see Hartmann and
Sprenger 2019, variation 1.
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HEF4*, the sense of confirmation in it is expressed in terms of con-
firmation as firmness. As for the idea of confirmation as increase
in firmness, instead, as seen in section 2.2, learning that H is the
only available hypothesis that adequately explains E (X A =Y = A)
strongly confirms H because P(H|X A =Y = A) > P(H). And, as we
have seen in subsection 2.3.1, this is just what the two models show.

Now, IBE’s three formulations assign to explanatory considera-
tions firm confirmation judgements (see subsection 2.3.2): the best
explanation (and good enough explanation) is probably true (ABD1,
ABD2); the best explanation is closer to the truth than any of the other
hypotheses (ABD3). Thus, the best way to see if one of these formu-
lations is implicitly endorsed by Eva and Hartmann is to stick to their
idea in terms of confirmation as firmness. Namely, learning that H is
the only available hypothesis that adequately explains E strongly con-
firms H because the probability of H in light of such a learning is a
high value. This can be read as saying that if H is the best explanation
in that it is the only good enough explanation, than its probability is
equal to a high value. This inference rule is really similar, although
not equal, to ABD2.

Thus, summing up, if we want to integrate Eva and Hartmann’s
novel contributions with IBE, the following should be endorsed:
learning that H is the best explanation of E, in the aforementioned
sense, implies that E strongly raises H’s probability so that the latter
assumes a high value.

With that in mind, let us now see the assessment of the two models
in light of such an explicit connection. A remark that can be made to
both models is that, as highlighted just now, they seem to rely on an
inference rule which is very similar to ABD2z. But, so far, it is still an
open question which of the three IBE’s formulations is descriptively
used, or if some further rule is used or whether some version is used
in some context and another version in others (Douven 2017, section
2). That is, there is an empirical descriptive question that needs to be
solved: do scientists rely on a version of IBE very similar to ABD2, as
Eva and Hartmann implicitly think?

As for the first model alone, it seems to me that condition HF4* is
not expression of IBE’s core idea that explanatory considerations have
a confirmational import. Let us see why.
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If H is the best explanation of E in the sense that it is the only
hypothesis that adequately explains E (or the only good enough ex-
planation of E), than H receives a high probability. So, such a high
probability is given to H because: (i) it is an adequate explanation
itself; (ii) it is the only adequate explanation of E.

Now, the first supposition of condition HF4*, i.e. X N, tells us
that H is an adequate explanation of E itself but that it is not the only
adequate explanation of E, as H’ is an explanation as adequate as H.
The second supposition of HF4*, i.e. X A =Y, on the other hand, tells
us that H is not an adequate explanation at all, and so it cannot be
the only adequate explanation of E. Thus, in the first supposition, we
have one of the two reasons why H receives a high probability. In the
second one, none of them.

Consequently, the probability of H given the first supposition
should be higher than its probability given the second one. Namely:
PH|X, Y) > P(H|-X, —Y).

This is not to say that when H’s best competitor explains E as well
as H does, H does not receive weak or negligible confirmation, but
that, no matter how insignificant, H’s confirmation in light of X and
Y is higher that its confirmation in light of =X and Y.

Regarding the second model, the situation is different. In fact,
condition A1: P(H|A) > P(H|—A) is expression of IBE’s core idea.
Indeed, Eva and Hartmann’s IBE implies that when H is the best
explanation of E, then H receives a high probability. Conversely, when
H is not, it does not receive such a high probability.

Therefore, the explicit connection between IBE and Eva and Hart-
mann’s two solutions allows us to make a more complete assessment
of the two models. That is, in addition to the problems the two mod-
els already have, one condition of their first model is not appropriate
to model cases of confirmation of old evidence intended as instances
of IBE, whereas the only condition of their second model is.
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2.4 Bayesian IBE and the Inference to the Best
Explanation’s perspective on the static di-
mension of POE

By focusing on the origin of confirmation by old evidence, i.e. on how
H is confirmed at the moment in which H and its relationship to E are
discovered, Eva and Hartmann tackle only the dynamic dimension of
POE. However, the explicit realization that real cases of confirmation
by old evidence are instances of IBE sheds some light also on the static
dimension of POE which now has to be expressed in IBE terms.

Before expounding on this point, let us consider a particular ver-
sion of IBE, i.e. the Bayesian IBE, which will come in handy to solve
the static POE from the IBE’s perspective. More specifically, the latter
is the product of a response to an incompatibility between IBE and
Bayesianism claimed by some philosophers.

2.4.1 Incompatibility between Bayesianism and IBE,
and Bayesian IBE

The confirmational role that IBE assigns to explanatory considerations
(see subsection 2.3.2) directly suggests a comparison with Bayesian
confirmation theory, the dominant view on confirmation.

In this regard, some philosophers have stated an incompatibility
between IBE and Bayesianism. For example, C. Salmon W. (2001)
stresses that the Bayesian confirmation theory is not guided by the
concept of explanation. In fact, he concedes that the prior probability
in Bayes’ theorem can be identified with the goodness, or “loveliness”
(Lipton 2001, p. 105), of an explanation, that is with the degree of un-
derstanding the explanation at hand provides. But, such a loveliness
is a consequence of the prior probability of the hypothesis and not the
other way around.

The prior probability of the hypothesis is determined by consider-
ing how the latter fits our background knowledge. This can contain
all sort of information: theories known at the time, frequencies of the
data, the evidential record available. On this base, one can determine
the prior probability of the hypothesis considering, for example, its
external consistency, or its ad hoc or non-ad hoc character.
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It may well be that such epistemic virtues coincide with explana-
tory ones, but the prior probability of the hypothesis is evaluated
relying on their inferential character, and not on their explanatory
character. According to Salmon, we do not say that a given hypoth-
esis deserves a low or high prior probability because it is a bad or
good explanation in that it scores badly or well on the aforemen-
tioned virtues. Rather, we say that a given hypotheses deserves a
low or high prior probability because it scores badly or well on the
aforementioned virtues. Period.

Moreover, Salmon continues, the prior probability is not enough
to make a choice among hypotheses. We need the posterior probabil-
ity of the hypothesis of which prior probability is just a component,
as Bayes’ theorem tells us. At least, he says, this is what scientists
implicitly do when they choose their hypotheses.

On the normative side, there is van Fraassen’s criticism (1989), ac-
cording to which a Bayesian agent that uses IBE as a rule, is liable to
diachronic Dutch Book (Teller 1973). In fact, such an agent adopts an
explicit strategy that consists in adding bonus points to the hypothe-
ses that explain the evidence particularly well after conditionalization.
On this base then, the bookie can construct a series of bets that leave
the Bayesian agent with a certain loss.

Reactions to these criticisms have come respectively from Lip-
ton (2001, 2004) and Okasha (2000), who endorse a ‘Bayesian IBE'.
Namely, explanatory considerations may act as a heuristic by help-
ing to determine, even if roughly, the probabilities in Bayes’ theorem
needed for the transition from prior to posterior probability.

More precisely, contra Salmon, Lipton (2001) makes different
claims, all of which are directed to support his heuristic endeavour
which he expresses by saying that “the Bayesian and the Explanation-
ist should be friends” (p. 94).

One step in this direction is to show that the inferential character
of the virtues, used to estimate the prior probability of the theories,
is a symptom of their explanatory character. This is what Lipton
calls “the guiding challenge” (pp. 107-109), which he resolves by
saying that the best explanation of the match between inferential and
explanatory virtues is that scientists select hypotheses on the base of
their explanatory virtues.
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The second step consists of arguing that the loveliness is not re-
lated solely to the prior probability, but to all the components of
Bayes’ theorem. For example, explanatory considerations might help
to evaluate the likelihoods because lovelier explanations tend to make
what they explain likelier. Moreover, they could help to determine the
priors in different ways. Firstly, priors are generally determined by
earlier conditionalization, where the assessment of the likelihood is
essential. But, as pointed out just now, such an assessment might be
helped by explanatory considerations. Secondly, explanatory virtues
such as scope, mechanism, precision, unification, simplicity, could be
used by the Bayesian to estimate the prior probability, if we take for
granted the success of the guiding challenge. Finally, explanatory
considerations might help to determine why certain bits of evidence
enter the Bayesian process of conditionalization. In fact, we can come
to see that a datum is relevant for the hypothesis precisely because
the hypothesis would explain that datum.

Contra van Fraassen, Okasha (2000), instead, highlights that van
Fraassen’s way to represent IBE in probabilistic terms is idiosyncratic.
For, it does not capture the phenomenology of IBE where there is no
hint of a two-stage process. We do not first respond to the evidence,
and then take explanatory considerations into account. Rather, we use
explanatory considerations to decide how to respond to the evidence
— just one process.

This suggests that the best way to represent IBE in probabilistic
terms is to use explanatory considerations in the process that realizes
conditionalization. That is, the better the explanation, the higher its
prior and/or likelihood are, and, in any case, given the same body of
evidence E, the best explanation of E will end up having the higher
product of these two probabilities.

Indeed, as Lipton, Okasha underlines that explanatory consider-
ations help to determine the likelihoods because better explanatory
hypotheses tend to give a higher likelihood to the evidence. Differ-
ently from Lipton, and agreeing with Salmon, Okasha argues that
explanatory considerations help to determine the prior probability in
the sense that the goodness of an explanation is a consequence of its
plausibility, i.e. of its prior probability.
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2.4.2 The IBE’s perspective on the static dimension of
POE

As seen in subsection 2.2.2, in the static dimension of POE, we find
ourselves in a moment in time in which belief changes caused by
the discovery of H and its relationship to E already happened. Still,
we want to say why E is and will be a reason to prefer H over its
competitors.

In IBE terms, we want to explain why E confirms the best expla-
nation H more than the other theories that are not best explanations
of E. Indeed, this is what happens: (i) if Eva and Hartmann’s IBE
is descriptively accurate; (ii) given IBE’s “self-evidencing character”
(Lipton 2001, p. 96).

In fact, according to (i) when H is the best explanation of E in
the sense that it is the only hypothesis that adequately explains E,
than it receives a high probability. Conversely, the other explanations
do not receive such a high probability. And, according to (ii), the
datum explained by the hypothesis, in turns, confirms the hypothesis
precisely because it is explained by the hypothesis.

In the same subsection 2.2.2, we saw that the standard approach
to the static POE urges us to give up the actual degrees of belief in
E so to allow a meaningful comparison between the likelihoods to
establish confirmation judgements. That is, P(H|E) > P(—HJE) if and
only if PH)P(E|H) > P(-H)P(E|—H).

As seen in subsection 2.4.1, the heuristic conciliatory attempts
prove that better explanations are the ones with higher priors and/or
likelihoods, and, anyhow, the ones with the higher product of these
two quantities. Thus, we have P(H|E) > P(—H|E), i.e. E confirms the
best explanation H more than the competing theories that are not the
best explanations of H.

That said, the problems connected with the counterfactual inter-
pretation of probability are still present when the aforementioned ap-
proach is used to solve the static POE in IBE terms. For instance, in
the Mercury perihelion shift’s example, it is unlikely that we could
say which our degree of belief in —H given E would have been, if we
had not known E.

Indeed, Le Verrier’s unobserved planet “Vulcan’, and Von Seel-
iger’s ring of a particular matter around the sun were generated to
account for the anomalous shift (see Crelinsten 2013, pp. 51-54). That
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is, these hypotheses would not have been formulated had E not been
known. The same cannot be said for Einstein’s GTR. The latter, in fact,
was not constructed to explain the anomalous shift, and its derivation
of the latter was surprising in that it was not expected beforehand (see
subsection 2.2.1). Still, we would lack what we want to explain, i.e.
P(H|E) > P(—H|E), as we would miss the comparison term P(—H|E).

2.5 Conclusion

In the foregoing, I have made an explicit connection between Eva
and Hartmann’s two novel solutions to the dynamic POE and the
Inference to the Best Explanation. This has allowed me to evince that
Eva and Hartmann have in mind a specific understanding of IBE’s
core idea, which is very similar, although not equal, to ABD2. On this
base, I have made a more complete assessment of the two models.

Specifically, I have shown that - taking for granted the open ques-
tion if such an understanding of IBE is descriptively accurate - their
first model is not adequate to solve the dynamic POE in IBE’s terms,
while the second one is. The reason is that the crucial condition of
the former, HF4%, is not expression of the aforementioned IBE’s idea.
Conversely, the only condition of the latter, A1,is.

This results added to problems encountered in the two mod-
els even before having done the aforementioned explicit connection.
Such problems are that two of the three results the first model proves
- i.e., (1) P(H|X) > P(H); (2) P(H|—Y) > P(H) - are not in line with Eva
and Hartmann'’s idea that hypotheses receive strong confirmation be-
cause they are the only hypotheses that adequately explain the old
evidence. And, A1 in the second model seems to beg the question.

Finally, I have pointed out that the explicit realization that real
cases of confirmation by old evidence are instances of IBE implies that
the static dimension of POE has to be, now, expressed in IBE terms. I
have attempted to solve the static dimension of POE so expressed by
remaining inside the frame of the standard counterfactual approach.
This has been possible by using the results of the heuristic concil-
iatory approaches which show that better explanations have higher
prior and/or likelihood, and that, anyhow, they are the ones with
the higher product of these two quantities. However, I have stressed
that the problems connected with the counterfactual interpretation of
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probability are still present when the counterfactual approach is used
to solve the static POE in IBE terms. For instance, I have pointed out
that in the GTR’s example, if the old evidence E had not been known,
we would have lost what we want to explain.
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Chapter 3

Patterns of Abduction in the
Covid-19 Pandemic: the Case of
the Alpha variant

3.1 Introduction

Generally speaking, the previous chapter aimed at making explicit
that real cases of confirmation by old evidence are instances of IBE or
abduction. In other words, it focused on a sense of abduction which
refers to the use of explanatory power in justifying hypotheses, whose
proper place is the so called context of justification.

However, in the philosophical literature, there is another sense of
the term “abduction’ , which refers to the use of explanatory power in
generating hypotheses. As such, it belongs to the context of discovery.
The present chapter will concentrate on this meaning of the world.

The two most famous exponents of such a version of abduction are
Charles S. Peirce and Norwood R. Hanson (1958, 1960, 1965). They
both believe that abduction so intended follows a particular pattern,
and, in fact, they propose very similar logics of generation of new
theories. However, as we will see (subsections 3.2.1, and 3.2.2), it will
turn out that their logics are better understood, not as logics of gen-
eration of new theories, but as logics of adoption of new hypotheses
considered to be worthy candidates for further investigations.

A view of abduction very much in this spirit was defended by
Gerhard Schurz (2008), who, indeed, proposes different patterns of
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abduction which function as search strategies, in that their structure
determines a particularly promising abductive conjecture.

Schurz detects these patterns of abduction in various contexts
which range from common sense to philosophy, and sciences such
as paleontology, physics, chemistry, evolutionary theory, interpreta-
tion theory, statistics. My aim, in this paper, is to do such a descrip-
tive analysis in the context of the ongoing Covid-19 pandemic. As
we all tragically know, the latter is the worldwide epidemic of coron-
avirus disease 2019 (Covid-19), caused by a new type of coronavirus
recently identified, called ‘severe acute respiratory syndrome coron-
avirus 2" (SARS-CoV-2). The reason why the Covid-19 pandemic is a
fertile ground to carry out this task is that it has confronted us with
an entirely new situation, which, by its nature, cries out for search
strategies as Schurz describes them. Particularly, I will look for case
studies in the circumstances surrounding the emergence of the Alpha
variant, the first SARS-CoV-2’s variant of concern.

To that purpose, I will follow this structure. In section 3.2, I will
make a historical introduction on the concept of abduction in the
context of discovery by setting out Peirce and Hanson’s philosophy.
Moreover, I will expound Schurz’s view of abduction and his topol-
ogy of patterns of abduction. Section 3.3 will be dedicated to provide
a brief introduction on the pandemic, the virus behind it, and the
variants. In section 3.4, I will provide two case studies which show
the use of abduction in Schurz’s sense in the Covid-19 pandemic. The
first one concerns the higher transmissibility of the Alpha variant with
respect to the other variants, while the second one deals with how it
is thought the Alpha variant emerged. Interestingly, we will see that
the abduction pattern of the first case corresponds to Schurz’s idea
of abduction, but it is not present in Schurz’s 2008 paper. Differently,
the pattern of the second case study belongs to Schurz’s classification.
Finally, section 3.5 concludes.

3.2 Abduction in the context of discovery

As mentioned in the introduction, abduction in the context of dis-
covery denotes the use of explanatory considerations in generating
hypotheses. The two most famous exponents of such a version of
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abduction are Charles S. Peirce, and Norwood R. Hanson, whose phi-
losophy I will briefly present in what follows.

3.2.1 Charles S. Peirce

It was Peirce who coined the term ‘abduction” in his work on the logic
of science, to denote a type of non-deductive inference different from
induction®.

Even if no coherent picture emerges from Peirce’s writings on ab-
duction, it is clear that Peirce’s understanding of the word belongs
to the context of discovery (Campos 2011, McAuliffe 2015). Indeed,
as Peirce says, “[a]bduction is the process of forming explanatory hy-
potheses. It is the only logical operation which introduces any new
idea ” (CP 5.172) or “[Abduction encompasses] all the operations by
which theories and conceptions are engendered” (CP 5.590).

After that abduction helped us to conceive explanatory hypothe-
ses, deduction and induction come into play. Deduction derives
testable consequences from the explanatory hypotheses at hand,
while induction helps us to reach a verdict on such hypotheses, which
depends on how many testable consequences have been verified.

Now, according to Peirce, abduction as the process of generating
new hypotheses belongs to the the logic of science, as it has the fol-
lowing schema (CP 5.189):

The surprising fact, C, is observed.
But if A were true, C would be a matter of course.
Hence, there is reason to suspect that A is true.

However, as Frankfurt (1958, p. 594) rightly observes, this infer-
ence does not lead to any new idea. As a matter of fact, the new idea
- the explanatory hypothesis A - occurs before one infers that there is
reason to suspect that A is true, as A already figures in the second
premise.

That said, Frankfurt (ibid., p. 595) points out a way to conciliate
abduction as belonging to the context of discovery, and its nature as

My treatment of Peirce, in this section, closely follows Douven 2017, Supple-
ment: Peirce on Abduction.

*When quoting from Peirce’s Collected Papers (CP, Hartshorne, Weiss, and
Burks 1931-1958), I follow the convention of citing the number of the volume fol-
lowed by the number of the relevant paragraph.
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logical operation. In fact, he highlights that Peirce does not always
talk about abduction as a way of devising hypotheses or new ideas,
but also as a process of adopting hypotheses. Namely, the hypotheses
are not true or verified or confirmed, but they are worthy candidates
for further investigations. So conceived, abduction works as a sort
of selection function, determining which of the hypotheses conceived
in the stage of discovery are to pass to the next stage and be subject
to empirical testing. The selection criterion is that there must be a
reason to suspect that the hypothesis is true, and such a reason is
that the hypothesis makes the fact a matter of course. In this sense,
abduction can still belong to the context of discovery, and, at the same
time, it can have the aforementioned logical form.

However, Frankfurt (ibid., pp. 595-596) rejects this proposal by
arguing that there may be infinite hypotheses that account for a given
fact, as Peirce himself acknowledged. Thus, it cannot be a sufficient
condition for the adoption of the hypothesis that the latter, if true,
would make a fact a matter of course.

In this regard, Douven (2017) highlights that Frankfurt’s objection
may not be valid. Indeed, Frankfurt equates ‘accounting for a fact’
with ‘making the fact a matter of course’, by interpreting ‘accounting
for a fact’ as entailment.

But, for Peirce, abduction is the process of finding explanatory hy-
potheses (see above, CP 5.172), and no philosopher of science, nowa-
days, would say that entailment is sufficient for explanation.

So, it would be reasonable to read ‘making a fact a matter of
course” as ‘giving a satisfactory explanation of that fact’.

In this sense, there could be infinite hypotheses that account for a
given fact, in Frankfurt’s sense, but just a handful that give a satisfac-
tory explanation. It remains to see if this could be plausible in light
of Peirce’s further writings.

Thus, wrapping up, Peirce highlights two functions of abduction:

¢ Abduction as a procedure that generates new hypotheses3.

* Abduction as selection function in the sense explained before.

3Notice that two kinds of abductive novelty can be highlighted in Peirce’s writ-
ings (Anderson 2013, p. 47): rearrangement, which consists of a combination of
ideas, different from past views, but grounded on ideas or perceptions we already
have; concept creation, that is, the creation of a new concept, i.e. idea, which we did
not have previously.
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3.2.2 Norwood R. Hanson

Similar to Peirce, for Hanson (1958), the act of discovery - i.e. the
act of suggesting a new hypothesis - belongs to the logic of abduc-
tive inference, a logic of science different both from inductive logic
and hypothetico-deductive reasoning. Such a logic, again, takes place
before a new hypothesis is ultimately justified4. .

More specifically, according to Hanson (1960, p. 104), abduction
has the following logical form:

1. some surprising, astonishing phenomena p;, py, p3 ... are en-
countered.

2. But py, p2, p3 ... would not be surprising, were an hypothesis
of H’s type to obtain. They would follow as a matter of course
from something like H and would be explained by it.

3. Therefore there is is good reason for elaborating a hypothesis
of H’s type - namely, for proposing it as a possible hypothesis
from whose assumption, p1, p2, p3 ... might be explained.

Thus, we see that, Hanson’s discovery is, first of all, a process of
explaining anomalies or surprising phenomena. This is what triggers
the search of an explanatory hypothesis in light of which the phe-
nomena would no longer be surprising or anomalous. The outcome
of such a process is not one single specific hypothesis, but the delin-
eation of a type of hypotheses worth of further consideration (Hanson
1965, p. 64).

Schickore (2018, section 6.1) reports a series of objections that can
be made to Hanson’s abduction, some of which echo Frankfurt’s
objections to Peirce’s abduction. Firstly, Schickore points out that
Hanson’s schema is too permissive in that there are several hypothe-
ses that explain the surprising phenomena (Harman 1965, Blackwell
1969). Thus, in absence of additional criteria to evaluate the hypoth-
esis yielded by the abductive inference, the fact that a hypothesis ex-
plains the phenomena can hardly be a decisive criterion to develop
that hypothesis. Moreover, it is highlighted that Hanson’s schema
is silent about the process of inventing or discovering a hypothe-
sis, which remains unanalyzed. Instead, the schema focuses on the

4My treatment of Hanson, in this section, closely follows Schickore 2018, section
6.1.
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processes by which an exploratory hypothesis is identified as being
worthy of pursuit (Laudan 1980, Schaffner 1993). Indeed, as Paavola
(2004) highlights, the aim of Hanson’s abduction is to provide plau-
sible candidate hypotheses which then have to be tested by other
means.

3.2.3 Gerhard Schurz

In subsection 3.2.1 and 3.2.2, we have seen, respectively, that both
Peirce and Hanson propose a very similar logic of generation of new
theories. However, we have also noticed that both logics are better
understood, not as logics of generation of new theories, but as logics
of adopting new hypotheses that turn out to be worthy candidates for
further investigations.

A view of abduction very much in this spirit was proposed by Ger-
hard Schurz in his 2008 paper, Patterns of Abduction. Indeed, Schurz
(p. 205, emphasis in the original) conceives abduction as “a search
strategy which leads us, for a given kind of scenario, in a reasonable
time to a most promising explanatory conjecture which is then sub-
ject to further test”. Such a general definition encompasses different
patterns which are classified along three dimensions (ibid.):

1. The kind of abduced hypothesis, i.e. the conjecture worthy of
further investigation.

2. The kind of evidence the abduction aims to explain.

3. What drives the abduction.

On this base then, we obtain four kinds of abduction patterns. The
first one is Factual Abduction (ibid., pp. 206-211). Here, both the evi-
dence to be explained and the abduced hypothesis are singular facts.
This kind of abduction is driven by known implicational laws, going
from causes to effects. And the abduced hypothesis is found by back-
ward reasoning, inverse to the direction of the lawlike implication.
So, factual abduction has the following structure (the double line ===
indicates that the inference is uncertain and preliminary):

(FA) Known Law: if Cx, then Ex
Known Evidence: Ea has occurred
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Abduced Conjecture: Ca could be the reason.

Depending on the epistemological nature of the abduced fact, fac-
tual abduction can be divided in three subpatterns:

1. Observable Fact Abduction (ibid., pp. 207-208), in which Ca is an
observable cause. Thus, the follow up procedure will consist of
gaining direct evidence for the abduced conjecture. In this case,
the weak support that the abductive inference provides to the
conjecture is replaced by the strong support provided by direct
evidence’.

2. First Order Factual Abduction (ibid., pp. 208-209), whose safest ab-
duced conclusion is an existential conjecture of the kind JyCya.
However, while in some cases we may be satisfied with the exis-
tential conjecture, in others we need to find out the entity whose
existence we conjecture. We will see an example of first order
factual abduction in subsection 3.4.2.

3. Unobservable Fact Abduction (ibid., pp. 209-210), in which Ca is
in principle observable, but pragmatically it is not, because, for
instance, it is located in the past, as it is happens in the Historical
Fact Abduction. So, the only way to confirm Ca is by ascertain-
ing whether further empirical consequences, which follow from
the abduced hypothesis and the background knowledge K, turn
out to be true. If this is the case, then both the evidence which
triggered the abduction and the one deduced from the hypoth-
esis and K provide epistemic support to Ca. Thus, the initial
abductive inference keeps its justificatory value.

The second kind of abduction pattern is Law Abduction (ibid., pp.
211-212). It is driven by known implicational laws, and both the evi-
dence to be explained and the abduced hypothesis are implicational
laws. The conclusion is in strong need of further empirical support.
An example is the following:

5Hence, we see that for Schurz the distinction between the use of explanatory
power in the context of discovery and its use in the context of justification is blurred.
Indeed, he believes that, for many (even if not all) patterns of abduction, the justi-
ficational role, although minor, is not absent (Schurz 2008, p. 204). On this point,
he agrees with Niiniluoto (1999), who claims that “abduction as a motive for pur-
suit cannot always be sharply distinguished from considerations of justification” (p.

S442).
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Known law:  Vx(Cx — Ex) Whatever contains sugar tastes sweet

Evidence to be Vx(Fx — Ex) All pineapples taste sweet
explained:

Abduced Vx(Fx — Cx) All pineapples contain sugar.
Conjecture:

The difficulty that the two types of abduction so far considered
have is that there are lots of possible hypotheses to choose among - as
many as there are known laws - and one has to select the most plau-
sible®. In other words, following Magnani’s terminology (Magnani
2011, p.20), these kinds of abduction are mainly selective in the sense
that the most promising candidate is drawn from a given multitude of
possible explanations. Conversely, the remaining two types of abduc-
tion, i.e., Theoretical Model Abduction (Schurz 2008, pp. 213-216) and
Second Order Existential Abduction (ibid., pp. 216-232) are mainly cre-
ative (Magnani 2011, ibid.). That is, they construct something new, e.g.
a new theoretical model or a new concept. Differently from before,
the difficulty, here, is not a large search space of possible conjectures,
but finding just one plausible conjecture which allows for the deriva-
tion of the phenomena to be explained. So, let us see of what these
two creative patterns consist.

Theoretical model abduction is driven by known theories. The ev-
idence to be explained is a general empirical phenomenon expressed
by an empirical law. The abduced product, instead, consists of new
theoretical models of these phenomena. The latter is preliminary con-
firmed. An example is this:

Evidence to be certain substances (like stones or metals) sink in wa-
explained: ter, while some other (like wood or ice) swim in water.

Abductionis a given theory which presupposes that the ulti-
driven by: mate causes are only contact forces and gravitational
forces.

®Consider, however, that in the case of factual abduction, we are aided by a prob-
abilistic elimination technique, according to which, our mind, usually unconsciously,
quickly scans through our large set of memorized possible scenarios, and only the
ones with minimal plausibility pop up in our consciousness (Schurz 2008, p. 207)
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Abduction the body will sink if its density (mass per volume) is
hypothesis: greater than the density of water. Otherwise, it will
swim.

Since theoretical model abduction is driven by known theories, it
works in a given conceptual space, and, as such, it cannot introduce
new concepts. Second order existential abduction, on the contrary,
can do this. Indeed, the abduced hypothesis postulates the existence
of a new kind of property or relation. Like in theoretical model abduc-
tion, the explanandum is a general empirical phenomenon expressed
by an empirical law, and, depending on what drives the abduction,
we have different subtypes of second order existential abduction. If
the abduction is driven by extrapolation, we have Micro Part Abduction
(ibid., pp. 216-217). A case in point is the abduction of the atoms
which obey the same laws of the macroscopic objects. Thus, here, one
extrapolates from macroscopic concepts and laws to the microscopic
domain. If abduction, instead, is driven by analogy, then we are in the
presence of the Analogical Abduction (ibid., pp. 217-218). For instance,
the conjecture according to which the sound consists of atmospheric
waves was obtained by noticing an analogy between the propagation
and reflection of water waves and the propagation and reflection of
sound. If abduction is driven by the search for unification in terms
of hidden or common causes, then we have the Hypothetical (Common)
Cause Abduction (ibid., pp. 218-232). The latter, in turn, is divided into
Speculative Abduction (ibid., pp. 219-223) and Common Cause Abduction.
In the first one, we explain one phenomenon as effect of one hypo-
thetical (unobservable) cause, introduced merely for the purpose of
explaining that phenomenon. Thus, as the name suggests, speculative
abduction is not a scientific worthwhile abduction. Conversely, com-
mon cause abduction is a legitimate scientific abduction. It is driven
by proper unification, and it is divided in three sub-patterns. The first
one is the Strict Common Cause Abduction (ibid., pp. 223-227), namely,
the common cause abduction in deductive settings, appropriate when
the domain is ruled by (almost) strict causal laws. An example of
the latter was the postulation of a common intrinsic property, called
‘metallic character’, to explain dispositions like high conductivity of
electricity or high conductivity of heat, and so on, which substances
like iron, copper, etc. have in common. The second one is a statisti-
cal procedure called Statistical Factor Analysis (ibid., pp. 228-231). It
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is a probabilistic version of common cause abduction in that it aims
at explaining mutually interconnected variables with more than one
cause, by following the principle that the less the number of causes
compared to the variables, the higher the success of the explanation.
The last one is Abduction to Reality (ibid., pp. 231-232), and, basically,
it is the reasoning from introspective sense data to an external reality
which causes such perception.

As mentioned in the introduction, the aim of the paper is to see
whether some of the above patterns, which Schurz identifies in vari-
ous contexts, are used in the ongoing Covid-19 pandemic. But first,
let us briefly introduce the latter.

3.3 The Covid-19 pandemic

The Covid-19 pandemic is a worldwide epidemic of coronavirus dis-
ease 2019 (Covid-19), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). The latter is a new type of coronavirus
discovered by the Chinese authorities and isolated on 7 January 202o0.
Such a discovery came as a result of an outbreak of pneumonia cases
of unknown etiology in Wuhan (China), then traced back to the new
virus (World Health Organization 2020a).

Attempts to contain the virus in Wuhan miserably failed, and, in
a relatively short period of time, it spread worldwide. Indeed, on
30 January 2020, the World Health Organization (WHO) declared
the outbreak a ‘public health emergency of international concern’
(World Health Organization 2020b), and a ‘pandemic” on 11 March
2020 (World Health Organization 2020c).

In the meantime, attempts were made to stop the spread through
preventive measures and government interventions. The main pre-
ventive measure was surely the mass vaccination program, started in
early December 2020 (World Health Organization 2022c). Other mea-
sures included social distancing, masks wearing, ventilation, hands
washing, quarantine (World Health Organization 2022d, Coronavirus
disease (COVID-19) - Prevention).

Regarding government interventions, they included travel restric-
tions, business restrictions and/or closure, suspension of teaching ac-
tivities, contact tracing, and so on (for example, in Italy: Il Post 2022).
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As mentioned before, SARS-CoV-2 gives rise to the disease called
‘Covid-19’, whose symptoms vary. The most common ones are fever,
dry cough, fatigue, and loss of taste or smell. Less common symp-
toms involve sore throat, headache, aches and pains, diarrhea, a rash
on skin, discoloration of fingers or toes, red or irritated eyes. Severe
Covid-19’s symptoms, which require immediate medical attention,
are respiratory difficulty or shortness of breath, loss of speech or mo-
bility, confusion, chest pain (World Health Organization 2022e). The
people at higher risk of developing serious symptoms are the ones
aged 60 or over, pregnant people, people with underlying medical
problems like high blood pressure, heart or lung problems, diabetes,
obesity or cancer (World Health Organization 2022a).

As far as it concerns SARS-CoV-2's transmission (World Health
Organization 2021a), it seems that the virus spreads when aerosols
- i.e. infectious particles that pass through the air - are inhaled; or
via droplet transmission, that is, when infectious particles come into
direct contact with eyes, nose, or month. The transmission so de-
scribed appears to take place mainly between people who are in close
contact with each other, such as when they are at a conversational
distance. However, when aerosol is involved, the virus can transmit
also in poorly ventilated and/or crowded indoor settings, where peo-
ple tend to spend longer periods of time. This is because aerosols can
remain suspended in the air or travel farther than conversational dis-
tance. Another way people may become infected is when they touch
their eyes, nose or mouth after touching surfaces or objects that have
been contaminated by the virus.

During the pandemic, different variants of SARS-CoV-2 developed
with varying degrees of infectivity and virulence. In fact, SARS-CoV-
2, like all viruses, change over time as it spreads among people. When
such changes, or mutations, become significantly different from the
original virus, they are called ‘variants” (World Health Organization
2021b).

Now, most changes are of little or no interest, but some changes
are possible that affect the virus’ features, like how easily it spreads,
the severity of the disease it causes, or the effectiveness of vaccines,
therapeutic medicines, diagnostic tools, or other public health and
social measures (World Health Organization 2022b). Since late 2020,
WHO began to classify the variants in Variants of Interest (VOIs) and
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Variants of Concern (VOCs) (ibid.). VOIs are variants that have mu-
tations suspected or known to affect virus’ features such as trans-
missibility, disease severity, immune escape, diagnostic or therapeutic
escape; and that are circulating widely (e.g., known to cause many
clusters of infected people, or found in many countries). A VOI be-
comes a variant of concern if it is known to be more transmissible; or
to cause more severe disease; or to lead to a decrease in effectiveness
of public health and social measures or available diagnostics, vac-
cines, therapeutics. The variants of concern so far identified by WHO
are Alpha, Beta, Gamma, Delta, Omicron? (see table 3.1 for details).

WHO labels | Pango lineage | Earliest documented samples
Alpha B11 United Kingdom
Sep-2020
Beta B.1.351 South Africa
May-2020
Gamma P.1 Brazil
Nov-2020
India
Delt B.1.617.
e 15172 Oct-2020
Omicron B.1.1.529 Multiple Countries
Nov-2021

Table 3.1: Classification of VOCs

The next section will be dedicated to the first variant of concern
identified, namely, the Alpha variant. Particularly, I will present two
case studies related to it. Both of them are about the use of abduc-
tion in Schurz’s sense - i.e., patterns whose structure determines a
particularly promising conjecture that needs to be subject to further
testing. In the first one, the conjecture is the higher transmissibility
of the Alpha variant, in the second one it concerns how the Alpha
variant emerged.

7On 31 May 2021, WHO announced to have assigned labels for key variants of
SARS-CoV-2, using letters from the Greek alphabet. The reason behind this was not
to replace existing scientific names (e.g. those assigned by Pango), which are still in
use. Rather, it was to provide easy to say and remember names to avoid that people
call the variants by the places where they were detected, which is stigmatizing and
discriminatory (World Health Organization 2021c).
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3.4 The Alpha variant: two case studies

As reported by The Guardian (Boseley 2021), in late November 2020,
something anomalous was observed in the south east of England. UK
had been in lockdown for more than three weeks, and in most places
Covid-19 cases were dropping. But, in a few Kent boroughs, they
were still going up. Indeed, Swale had the highest infection rate in
the country, followed by the nearby Thanet.

People at Public Health England (PHE), who monitor the national
pandemic, were puzzled. In fact, when outbreaks occur, it could be
that workplaces are hit, or that the surge is located in low-income
communities, living in overcrowded houses where social distancing
is difficult. However, even if to some degree Swale and Thanet had
these problems, these could not explain why new cases continued to
rise.

Thus, PHE sent Dr Christina Atchinson to understand what was
going on. She was a consultant epidemiologist, and head of the rapid
investigation unit, which supports overwhelmed regional teams. She
talked to Kent’s regional director of public health, and to the deputy
director of health protection, namely, the people who evaluate and
warn of health hazard. They had different hypotheses about what was
going on: (i) Kent commuters were bringing the infection back from
London, although case numbers in the capital were not rising overall;
(ii) workplaces were not Covid safe; (iii) parents were not keeping
their distances during school drop-offs. But, despite the warnings of
the local authority, numbers kept rising.

Since Atchinson could not find any obvious reason for the surge,
as health protection was doing everything right without getting re-
sults, she suggested to sequence samples from people fallen ill. Sam-
ple sequencing consists of analyzing the features of the coronavirus’
genetic material, and it allows to identify the changes viruses un-
dergo.

At this point, Atchinson shared her idea with Meera Chad, in-
cident director of PHE, microbiologist, and infectious disease con-
sultant. She was also part of the Tuesday group, a small group of
genomics scientists from around the country that meet online every
Tuesday to discuss anything unusual. She agreed with Atchinson that
they had to have a look at the genomics, which led to two surprising
discoveries. The first one was that more than half of the genomes
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available for Kent belonged to one huge cluster, then labeled ‘Alpha
variant” (B.1.1.7). And this was striking because no one expected that
such a large number of people would fall ill with the same variant.
The second one was that the variant had 23 mutations, which are a
lot, considering that Sars-CoV-2 genome accumulates around one or
two mutations every month as it circulates. Eight of these mutations
were particularly concerning, since they were located on the spike
protein, which enables the virus to attack human cells. Thus, they
could change the way Sars-CoV-2 interacts with the human host.

The exponential growth of the new variant recorded in the follow-
ing days, along with its unusual genetics, and the fact that the areas
in which it was concentrated were also the places with the highest
rates of Covid, were enough to raise the alarm. Indeed, on 19 De-
cember 2020, Boris Johson announced that London, the south east,
and east would enter tier 4%. On 4 January 2021, the prime minis-
ter announced a full national lockdown. Different countries closed
their borders. However, such measures were not enough to keep the
variant at bay, which then became a big factor in Europe’s third wave.

The case of the discovery of the Alpha variant was the stage for
some patterns of abductions in Schurz’s sense, as reported by numer-
ous reports and newspapers’ articles. Let us see some examples.

3.4.1 Case study 1: The Alpha variant is more transmis-
sible

In an article of The Guardian (Sample 2020), dated 19 December 2020,
we read that cases of Covid-19 were raising in parts of the south of
England.

One cause advanced to explain such a phenomenon was the con-
jecture that a new SARS-CoV-2 variant (the Alpha variant) is more
transmissible. This conjecture was based on three pieces of evidence:
the new variant is detected in parts of the south of England where
Covid-19 cases are raising faster (E,); the new variant is identified in
more than 1,000 cases of Covid-19 in the south of England (E,); the
variant is detected in a rapidly growing number of cases (E;).

8Before 19 December 2020, in the United Kingdom there was a system that
divided the territories into three risk areas, i.e. tier 1, 2, 3. On 19 December, a new
tier (tier 4) was introduced, which imposes stricter lockdown measures.
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However, it is specified several times that it is still unsure whether
the new variant is more transmissible and that further research is
needed.

As for the reason why the Alpha variant may be more transmis-
sible, it said that one possibility could be the mutations acquired by
the variant, as it is a known fact that there could be mutations that
make the virus transmit faster. Indeed, the article points out that, as
seen before, this new variant has multiple mutations in the spike pro-
tein, the most troubling of which seems to be a deletion (in this case,
the loss of two amino acids from the spike protein) called “H69/V70’,
which may make the virus spread faster.

The same deletion was spotted in SARS-CoV-2’s samples collected
from a Cambridge patient with a weakened immune system, who,
however, was not ill with the Alpha variant. The patient was treated
with convalescent plasma, i.e. blood plasma containing antibodies
from a recovered patient, but, unfortunately, they died of the infec-
tion. During the treatment, the virus acquired the mutation and may
have become more resistant to the antibodies.

Similarly, an article of The New York Times, (Landler and Castle
2020), of the same day, says: “But the government’s medical experts
expressed alarm about its [of the variant] apparent infectiousness, not-
ing that it now accounts for more than 60 percent of the new infec-
tions reported in London” (emphasis is mine). And, a little further
on: “But some [scientists] said there was good reason for concern that
this variant is more infectious. Preliminary findings suggest that it
is spreading so fast in Britain that it is quickly displacing dozens of
competing versions of the coronavirus that have been circulating for
longer” (emphasis is mine).

So, we see that the conjecture of the higher transmissibility of the
new variant is based on two pieces of evidence: the variant now ac-
counts for more than 60 percent of the new infections reported in Lon-
don (E,;); the variant is spreading so fast in Britain that it is quickly
displacing dozens of competing versions of the coronavirus that have
been circulating for longer (Es).

Again, the cause of such a higher infectivity is thought to be, even
if it is not sure, the mutations the variant carries: “But Dr. Vallance,
a physician and medical researcher, said scientists had identified 23
changes in the new variant, an unusually large number, including
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several in the “spike protein” that the virus uses to attach itself to
host cells, which could increase its transmissibility”.

Thus, we see that patterns are underway here, whose structure de-
termines a particularly promising conjecture that needs to be subject
to further testing. To see whether these are patterns of abduction in
Schurz’s sense, and, if so, which ones, it could be useful to formalize
the examples.

The Guardian’s example

Known law:
Vx(Vx A Sx A Tx — Eqx A Exx A E3x), where V = SARS-CoV-2’s vari-
ant, S = to be especially present in south of England, T = to be more
transmissible, E; = to be detected in parts of the south of England
where Covid-19 cases are raising faster, E, = to be identified in more
than 1,000 Covid-19 cases in the south of England, E; = to be detected
in a rapidly growing number of cases.

Evidence to be explained:
E;a A E;a A E;a, where a = the Alpha variant.

Conjecture:
Va A Sa A Ta.

The New York Times’ example

Known laws:
Vx(Vx ASgx A Tx — E4x A Esx), where V = SARS-CoV-2's variant, Sg
= to be detected for the first time in the south of England, T = to be
more transmissible, E; = to account for more than 60 percent of the
new infections reported in London; E; = to be spreading so fast in
Britain that it is quickly displacing dozens of competing versions of
the coronavirus that have been circulating for longer.

Evidence to be explained:
E,a A E;a, where a = the Alpha variant.

Conjecture:
Va A Sga A Ta.

Now, prima facie, these examples seem to belong to Schurz’s factual
abduction (see subsection 3.2.3). In fact, the pieces of evidence to be
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explained are singular facts, and the abduced hypothesis is driven by
known implicational laws going from causes to effects. More specif-
ically, the abduced hypothesis is obtained by backwards reasoning,
inverse to the direction of the lawlike implication.

However, this is not so simple, as the abduced hypothesis is not a
singular fact in the sense intended by Schurz, namely, a single entity
which in principle is directly observable, such as a particular human.
Rather, it is a feature (the higher transmissibility) of a single entity
(the new variant), which is not directly observable, but testable.

This means that the follow-up procedure does not consist of gain-
ing direct evidence for the abduced conjecture, as it happens for the
observable fact abduction, or how it could be for the first order exis-
tential abduction when we are not satisfied with the existential conjec-
ture (see subsection 3.2.3). Rather, as it is the case for the unobservable
fact abduction, there is need for further empirical consequences that
comes from the abduced hypothesis and the background knowledge
K. However, we have to bear in mind that there is a crucial difference
between our example and the unobservable fact abduction. Namely,
in the latter, the abduced hypothesis is a singular fact which cannot
be observed because, for instance, it is located in the past. Instead, in
our case, the abduced hypothesis is not directly observable because it
is a feature and not a singular fact.

Indeed, the procedures following the abduction consisted of veri-
tying further empirical consequences deduced from the abducted hy-
pothesis and K, as told in what follows.

In an article by The Guardian of 11 January 2021 (Geddes 2021),
we read that the higher transmissibility of B.1.1.7 was investigated
by seeing whether the new variant replaced the older variants in the
UK population. The latter consequence was, in turn, tested by using
different methods. One of these involved comparing the growth in
cases of the new variant and old variants within the same population.
Another consisted of following the pattern of signals in Covid tests
across the UK, looking at the increase in cases of ‘S gene dropout’ .
The reason for this was that, while normally molecular positive Covid
tests detect parts of three genes of SARS-CoV-2, such tests, when in
contact with the Alpha variant, show positivity just for two genes, but
not the ‘S gene’.
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As for how much more transmissible B.1.1.7 is, the researchers
tested various mathematical models to see which one best fitted the
observed increase in the new variant. And, they discovered that the
best model is the one consistent with an increase in the reproduction
number of 0.5 to 1 (Volz, Mishra, et al. 2021)%. From this value, it was
inferred that the Alpha variant is 50-100 percent more transmissible.

At the same time, researchers tried to investigate if the cause of
such a higher transmissibility is indeed the mutations acquired by
the variant, in particular the several ones in the spike protein.

As showed by a preliminary analysis (Rambaut 2021), two muta-
tions of particular interest are N5o1Y and the aforementioned dele-
tion H69/V7o0. The former has been shown to increase how tightly
the spike protein binds to a receptor on the surface of human cells.
The hypothesis is that N5o1Y helps the virus to bind better to the
cells. The latter has emerged several times before: as said above, it
was identified in viruses that evolved to evade the natural immune
response in some immunocompromised patients. It was also found
in minks in Denmark, which were, consequently, all executed (McKie
2020).

As for mutation N5o1Y, an article from Il Post (2021), dated 13 Jan-
uary 2021, says that a research group from Texas University (Galve-
ston, USA) was starting some laboratory experiments on hamsters,
which have long been used to evaluate the transmission ability of the
coronavirus. The researchers” aim was to understand whether the mu-
tation leads to a higher concentration of viral particles in the upper
airways of hamsters, compared to other variants of the coronavirus.
The idea came from a previous study on another mutation that led to
a similar outcome, providing clues regarding the causes of the greater
transmissibility of some variants than others. In fact, a higher concen-
tration in the upper airways makes it more likely that larger quantities
of coronavirus will spread while breathing, or speaking in the case of
humans.

9The reproduction number or R value is the number of people each person
passes the virus to. The higher it is, the more widely the virus spreads. To un-
derstand what this figures means, consider the following. Let us say that the old
variant was spreading at an R value of 1.5, meaning 10 Covid-positive people trans-
mitted the infection to 15 new people. Since the new variant has an increase in the
reproduction number of 0.5 to 1, it would have an R value of 2 to 2.5, so 10 people
with Covid-19 would transmit infection to 20 to 25 new people.
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The article adds that there were already some clues that lead in this
direction: a preprint study of late December had indicated a greater
quantity of coronavirus’s genetic material in samples, taken from the
nose and mouth, of some individuals with B.1.1.7 compared to those
with other variants of the virus (Golubchik 2021).

Regarding deletion H69/V7o0, scientists at the Cambridge Univer-
sity had suggested that this mutation increases infectivity two-fold
in lab experiments, and that it makes antibodies from the blood of
survivors less effective at attacking the virus (Kemp 2021).

3.4.2 Case study 2: How the Alpha variant emerged

As said previously, when Atchinson and Chad decided to have a look
at the genomics, to understand what was going on in Kent, they came
across anomalous phenomena. One of these was that the Alpha vari-
ant showed way more mutations than one would have expected.

It is on this anomalous piece of evidence that the most promising
conjecture about how the Alpha variant emerged was formulated, as
reported by a BBC’s article of 20 December 2020 (Gallagher 2020), and
by an article of Il Post, dated 21 December 2020 (2020). In fact, here we
read that the most likely explanation of the fact that the Alpha variant
is unusually highly mutated is that the variant may have arisen in
an immunocompromised person who was chronically infected with
SARS-CoV-2.

Moreover, from the section What evolutionary processes or selective
pressures might have given rise to lineage B.1.1.7? of the online report
cited in the former case study (Rambaut 2021), it is explained the rea-
soning that leads from the anomalous piece of evidence to its most
likely explanation. That is, previous studies report high rates of mu-
tation accumulation, over a short period of time, in immunocompro-
mised patients who are chronically infected with SARS-CoV-2 (Avan-
zato, Matson, et al. 2020; Choi 2020; Kemp 2021). The patients are
treated with convalescent plasma (sometimes more than once). Un-
der such circumstances, the evolution of the virus is expected to be
very different to the one experienced in typical infection. Indeed: (i)
in a patient chronically ill with SARS-CoV-2 - that is, a patient that
has had the infection for a long time - the virus has time to mutate
into many variants within one body, so that the virus population may
be unusually large and genetically diverse; (ii) when antibodies are

75



Chapter 3. Patterns of Abduction in the Covid-19 Pandemic

applied in this situation, they create suitable circumstances for the
rapid fixation of multiple virus genetic changes, by wiping out some
variants of the virus, and leaving others at least partially resistant to
the treatment.

These considerations lead the scientists to hypothesize that the un-
usual genetic divergence of lineage B.1.1.7 may have resulted, at least
in part, from virus evolution within a chronically-infected individual.
However, they point out: “this remains a hypothesis and we cannot
yet infer the precise nature of this event”.

Again, some pattern is underway here, whose conclusion is a most
promising conjecture then set out for further empirical test operations.
As above, let us formalize the aforementioned example, to see if it
is a schema of abduction in Schurz’s sense, and, if so, which one.
But, before engaging in the formalization, let us see whether it is
possible to detect the three dimensions along which Schurz classifies
the patterns of abduction (see subsection 3.2.3).

Now, the evidence to be explained is expressed by the proposition:
‘the Alpha variant is unusually highly mutated’, while the abduced
hypothesis by the one: ‘the Alpha variant arose in an immunocom-
promised person who was chronically infected with SARS-CoV-2".

As for what drives the abduction, we have to refer to the online
report’s section just mentioned, i.e. What evolutionary processes or selec-
tive pressures might have given rise to lineage B.1.1.7?. In fact, as pointed
out earlier, it expounds the reasoning that leads from the anomalous
piece of evidence to its most likely explanation. So, let us reconstruct
and make explicit the passages of this reasoning. From the previ-
ous studies reporting high rates of mutation accumulation, over a
short period of time, in immunodeficient patients chronically infected
with SARS-CoV-2 and treated with convalescent plasma, a general
law is inducted. The law is the following: If a SARS-CoV-2’s variant
arises in an immunocompromised person, who is chronically ill with
SARS-CoV-2 and treated with convalescent plasma, then the variant is
unusually highly mutated. The mechanism behind such a law is spec-
ified by points (i) and (ii). Relying on this (now, known) law, scientists
explain the unusual genetic divergence of lineage B.1.7.7 by hypothe-
sizing that it resulted from virus evolution with a chronically-infected
individual, even if they are still unsure. Thus, we can conclude that
the abduction is driven by the known law stated just now.
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At this point, we are ready to formalize the example, object of this
case study.

Known law:
VxVy(Vx A Piy A xAy) — Egx), where V = to be a SARS-CoV-2’s
variant, Pr = to be a person who is immunocompromised, chronically
infected with SARS-CoV-2, and treated with convalescent plasma, A
= to arise in, E¢ = to be unusually highly mutated.

Evidence to be explained:
Ega, where a = the Alpha variant.

Conjecture:
Jy(Pry A Va A aAy).

Now, we see that the abduction is driven by a known implicational
law, whose antecedent contains the anonymous variable y, i.e. a vari-
able not contained in the consequent. The evidence to be explained
and the abduced hypothesis are singular facts. Specifically, the former
instantiates with ‘a’ the consequent of the known law. By backward
chaining, we obtain ‘aAy’. Surely, the safest abduced conjecture is the
one in which we existentially quantify over the variable vy, i.e. Jy(Pry
A Va A aAy).

That is, here, we have a case of first order existential abduction
(see subsection 3.2.3). However, remember that only in same cases
we will be satisfied with the existential conjecture, and that in others
we need to find out the entity whose existence we conjecture. The
example at hand is one of these cases, and the follow up procedure
will be to find out the patient in which the Alpha variant originated.

However, such a task seems to be hopeless. In fact, we are told by
The Guardian (Boseley 2021) that Atchinson and her team went look-
ing for patient zero, i.e., the first person who contracted the virus, by
contacting the 20 first cases they knew about. The first sequences in
the database were from two people tested, respectively, on 20 Septem-
ber in Kent and on 21 September in London. But, none of the two
could be the first person to have it, because, among other things, they
had not had links to immunocompromised people. Moreover, it is
specified that, with any certainty, it is not possible to track back be-
yond the sequenced cases, as virus’ samples were destroyed after a
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few days (the discovery of the Kent variant changed this: labs are
now asked to keep the samples for a month).

Jetfrey Barrett, director of the institute’s Covid-19 Genomic Initia-
tive, says that his best guess is that the first patient might have been
somewhere in London, since it is a big and populous city. Instead, the
option that the variant might have originated from another country
seems unlikely to him, given that it spread rapidly in the UK before
taking hold anywhere else.

3.5 Conclusion

The aim of the paper was to ascertain whether abduction patterns in
Schurz’s sense are used in the context of the ongoing Covid-19 pan-
demic. To this end, I proposed two case studies regarding the Alpha
variant, the first SARS-CoV-2’s variant of concern. The first case study
is about the conjecture of the higher infectivity of the Alpha variant,
while the second one tackles the conjecture regarding how the Alpha
variant originates. The methodology behind both case studies was
to bring to light abduction patterns a la Schurz used in newspaper’s
articles and reports on those issues. Interestingly, it turned out that
the first pattern identified was not present in Schurz’s classification.
Indeed, prima facie it seemed to belong to factual abduction, in that
the evidence to be explained is a singular fact, and the abduction
is driven by a known implicational law. However, at a closer look, it
could not be the case because the abduced hypothesis is not a singular
fact, in principle directly observable, but it is a feature, not directly
observable but testable. Instead, the abduction pattern detected in
the second case study belongs to Schurz’s typology, and it carries the
name of ‘first order existential abduction’.
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The three chapters here presented dealt with the relationship between
epistemic values and scientific theories. In chapter 1, I proposed two
lines of response to save from Arrovian impossibility large scale the-
ory choices based on Kuhn's epistemic criteria. In the first one, I
showed that a particular meaning of fruitfulness can be measured on
an absolute scale, which led me to suggest that there may be choices
in which all the kuhnian criteria employed are measured on such a
scale. If this is the case, then a technically meaningful form of inter-
criterion comparability is possible, and impossibility can be escaped.
In the second one, instead, I proposed to use Kuhn’s criteria to evalu-
ate the prior probability and the likelihood, which are, in turn, criteria
of the Bayesian theory choice functional. The latter, in fact, is not sub-
ject to Arrovian impossibility thanks to Sen’s escape route. Such a
second line of response consisted of different steps. First, I consid-
ered some meanings of Kuhn’s criteria, and showed how they relate
to the prior probability and likelihood. It turned out that accuracy is
reflected by the likelihood, while the four criteria of scope, simplic-
ity, internal and external consistency are reflected by the prior. Since
these can pull in different directions, the same moral Okasha drew
from Kuhn’s argument applied for the evaluation of the prior prob-
ability. That is, there are many acceptable algorithms to evaluate the
prior probability. At this point, I considered an objection to the second
response. Namely, Stegenga argues that an algorithm that translates
the information provided by Kuhn'’s criteria in prior probabilities sat-
isfies Arrow’s conditions, and so it is destined to the same impossibil-
ity. Now, if this is the case, the second response no longer stands. In
fact, Arrovian impossibility would obtain also if we use Kuhn's crite-
ria to determine the criteria of the Bayesian theory choice functional.
However, I pointed out that Stegenga’s claim is flawed, as the algo-
rithm he has in mind has a different mathematical form from Arrow’s
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social choice rule. As a matter of fact, Stegenga’s algorithm outputs
a list of real numbers, instead of a ranking of theories. So, we can-
not ask whether conditions defined for the Arrovian social choice rule
apply to Stegenga’s algorithm. Finally, I considered an interesting is-
sue, triggered by Stegenga’s observation, namely whether the prior
probability rule (PPR), associated with Stegenga’s algorithm, suffers
from Arrovian impossibility. I showed that an observation Morreau
(2015) made against the applicability of condition U to Okasha’s the-
ory choice rule applies also to condition U of PPR, given that some of
the Kuhn’s criteria that can bear on the prior are rigid in Morreau’s
sense. And, since it is still an open question whether Arrovian impos-
sibility obtains with a domain restriction caused by rigid criteria, the
judgement about the impossibility of our algorithm was suspended.
In chapter 2 I kept exploring the relationship between epistemic
values and Bayesianism, continuing what I started in the second line
of response proposed in chapter 1. Here, I focused on the value of
‘explanatory power’, which refers to the goodness of an explanation.
Specifically, I considered an inference in which the explanatory power
of a hypothesis acquires a special status, namely, the inference to the
best explanation (IBE) or abduction. And, I explored how IBE relates
to a well known problem of Bayesian confirmation theory, that is, the
problem of old evidence (POE). More precisely, I took into consid-
eration two novel solutions to the dynamic POE, recently proposed
by Eva and Hartmann, and I pointed out a shortcoming of the sec-
ond one. Then, I made explicit that these solutions can be read in
terms of inference to the best explanation. Such a move allowed me
to underline that Eva and Hartmann have in mind an understanding
of IBE very similar, even if not equal, to ABD2. According to their
understanding, if H is the best explanation of E, in the sense that it
is the only available hypothesis that adequately explains E, than H’s
probability assumes a high value. On this base, I further assessed the
two models. Namely, I showed that - pending the question if Eva and
Hartmann’s idea of IBE is descriptively accurate - their first model
is not adequate to solve the dynamic POE in IBE’s terms, while the
second one is. In fact, condition HF4* of the first model is not ex-
pression of their IBE’s idea. Conversely, the only condition of their
second model, i.e. Az, is. Finally, I pointed out that the explicit real-
ization that real cases of confirmation by old evidence are instances
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of IBE implies that the static dimension of POE has to be, now, ex-
pressed in IBE terms. I tried to solve the static dimension of POE so
expressed by relying on the counterfactual approach - i.e. the stan-
dard approach to static POE - and the Bayesian IBE. The latter is a
probabilistic version of IBE which use explanatory considerations as
an aid to evaluate the terms in Bayes’ theorem. Indeed, the advocates
of the latter show that better explanations have higher prior and/or
likelihood, and, anyhow, that they are the ones with the higher prod-
uct of these two quantities. But, I highlighted that the problems of the
counterfactual approach are still present when it is used to solve the
static POE in IBE terms. For instance, in the GTR’s example, if the old
evidence E had not been known, we would not have what we want to
explain.

By interpreting ‘abduction” as ‘inference to the best explanation’,
in chapter 2 I focused on the use of explanatory power in justifying
hypotheses. Conversely, in chapter 3, I considered another sense of
abduction which refers to the use of explanatory power in generat-
ing hypotheses, especially endorsed by Peirce and Hanson. However,
it was seen that their very similar logics are better understood, not
as logics of generation, but as logic of adoption of new hypotheses
as worthy candidates for further investigations. Then, a view of ab-
duction very much in this spirit was introduced, namely the one de-
fended by Gerhard Schurz (2008). Schurz, indeed, proposes different
abduction patterns which are intended as search strategies which lead
to a most promising explanatory conjecture, then subject to further
tests. In chapter 3, my aim was to see whether abduction patterns in
Schurz’s sense are used in the context of the ongoing Covid-19 pan-
demic. To this end, I proposed two case studies concerning the Alpha
variant, the first SARS-CoV-2’s variant of concern. The first case study
dealt with the conjecture of the higher infectivity of the Alpha vari-
ant, while the second one tackled the conjecture regarding how the
Alpha variant originated. In both case studies, I relied on the same
methodology, which consisted of highlighting the abduction patterns
a la in Schurz used in newspaper’s articles and reports on those is-
sues. Surprisingly, the abduction pattern identified in the first case
study was not present in Schurz’s classification. In fact, despite the
similarities, such a pattern can not belong to the factual abduction,
since the abduced hypothesis is not a singular fact, in principle di-
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rectly observable, but a feature, not directly observable but testable.
In the second case study, instead, the abduction pattern detected be-
longed to Schurz’s typology, and it is called ‘first order existential
abduction’.

As a final remark, I would like to add that perhaps, besides these
more particular results, something broader can be drawn from this
thesis. Chapter one is based on a literature that truly shows how
formal methods can provide important insights on popular and es-
tablished philosophical claims: now we know that the acceptability of
different trade-offs of the values is not so easy to defend, as Kuhn and
its successors thought and some of the latter still think. On the other
hand, I hope to have shown that even the philosophical reflection
concerning large scale and somehow older issues can have a place
in these more recent developments. Chapter two, instead, wants to
deep on what already started by Eva and Hartmann, and to ascertain
what happens when we integrate formal methods with longstanding
philosophical concepts, like the one of inference to the best explana-
tion. Finally, chapter three, at the opposite of chapter one, aimed to
point out how philosophy is underway even in the most recent (and
tragic) times.
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