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Introduction to the thesis

It is commonplace that in epistemology and the philosophy of science, the nature of evidence
in medicine has become in recent years one of the most researched topics. An important aspect of
it is the evidence of mechanisms, and a group of philosophers of science have been urging for some
time that mechanisms be included in the evaluation of causal medical claims, at a higher level than
the one currently afforded by the Evidence Based Medicine (EBM) protocols (Clarke, Gillies, Illari,
Russo, Williamson 2014), following the general lines of the Russo-Williamson thesis (RWT). Since
the present thesis builds upon (and is highly indebted to) the research made by the abovementioned
proponents of RWT, the best way to start this introduction is to present very briefly the content
and purpose of RWT.

As laid down in Russo and Williamson (2007), RWT states that both evidence of mechanisms
(taken to come from laboratory, microstructural research) and evidence of difference-making (taken to
come from population level studies) are necessary in order to establish medical causal claims." On
the one hand, evidence of mechanisms is taken to have the role of eliminating spurious
correlations. On the other hand, evidence of difference making coming from population-studies
should establish the direction of causation and the net effect (which might not be clear just by using
evidence of mechanisms) (Russo and Williamson 2007, p. 157).

For instance, to establish Helicobacter Pylori as a cause of gastric and duodenal ulcer, one
needs both laboratory morpho-pathological assessments providing mechanistic evidence of the
effects of this germ on the gastric and duodenal cells (which rules out that the association between
Helicobacter Pylori is spurious or accidental), and population controlled studies providing evidence
of difference making which establishes the direction of causation (from the respective infection to
ulcer and not vice-versa) and/or the net effect (thus counting in alternative mechanisms and factors,
e.g. preventative, stimulating, neutralising, possibly unknown, which might influence how strongly or
decisively Helicobacter Pylori acts upon the gastric and duodenal cells).

A crucial reason for requiring this double evidence in RWT is that, on an ontic level,
mechanisms are taken to be associated (only) with the so-called ‘production’ type of causation
(Williamson, 2006, Williamson, 2011, Wilde and Williamson, 2016). Accordingly, one needs to

appeal to population studies because it is only the latter that could provide evidence of difference-

1 <

the health sciences make causal claims on the basis of evidence both of physical mechanisms, and of probabilistic
dependencies. Consequently, an analysis of causality solely in terms of physical mechanisms or solely in terms of
probabilistic relationships, does not do justice to the causal claims of these sciences” (Russo and Williamson, 2007, p.
157).



making. Roughly speaking, production causation is causation underlined by identifiable processes
holding between the cause and effect, whereas difference-making causation needs some
counterfactually defined dependency between the cause and the effect (where an informal, but
insightful illustration of different types of dependency is offered by the famous Mill methods of
causation).

One alternative way in which RWT can then be defined is by saying that establishing causal
claims in medicine requires evidence of both production and difference-making (where evidence of
production should come from laboratory, microstructural studies, whereas evidence of difference-
making should come from population-studies). This alternative formulation has the advantage of
distinguishing the evidence of what is required by RWT (i.e. production and difference-making) and
the evidence from what (i.e. from what sources should RWT draw out its evidence, namely laboratory,
microstructural studies for the evidence of production and population studies for evidence of
difference-making). In fact, as Phyllis Illari has nicely shown (Illari, 2011), distinguishing the
evidence of what and evidence from what, allows one to disambiguate a certain aspect of RWT.

Illari maintains the original assumptions that mechanisms are concerned with production only,
and that evidence of both production and difference making is required for medical causal claims.
However, Illari argues that - as far as the sources of evidence are concerned (the from what part) - we
could have evidence of difference making coming from laboratory, microstructural research.
Analogously, we could have evidence of production (or of ‘mechanisms’) coming from population
studies (Illari, 2011, § 2.2).

Illari’s disambiguation enlarges the sphere of RWT and usefully articulates how mechanistic
evidence is to contribute to the confirmation of medical hypotheses and causal theories. And there
have been some further, fruitful developments for the RWT framework. Proponents of RWT
(Clarke e# al. 2014) have set up a project, named EBM+,” in order to deal with the epistemology of
mechanisms and back up the abovementioned challenge they address to EBM, that evidence of
mechanisms should be considered on an equal footing evidence of difference-making (from
population studies).

One central conceptual development brought about by EBM+ has been their research on the
quality of mechanistic evidence. The central idea behind looking into the guality of evidence is quite
simple. The idea namely is that prior to pursuing confirmation studies, one needs a sort of hierarchy
that would provide ‘rules of thumb’ differentiating between ‘poor’ and ‘high quality’ evidence, as

well as degrees in-between. Organizing in this way the available mechanistic evidence does not

2 Where the “+” means “mechanisms + trials”, but also refers to the power of intersecting species of evidence. The
analogy guiding the EBM+ group is that of steel-reinforced concrete, where the two materials—one good under
compression, the other good under tension—mutually support each other. For an introduction, seeembplus.org.



neglect the truism that any evidence is fallible. However, it is a useful, preliminary step to take
before proceeding to the confirmation stage. Moreover, obviously, one needs to get this preliminary
step right. The protocols of EBM abound in various hierarchies of medical evidence. Yet, as I said,
according to Clarke ez 2/, EBM fails to properly take into account the evidence of mechanisms,
alongside evidence from population studies, as RWT demands. And, if one is to effectively
challenge the hierarchies of EBM, proposing to integrate quality, good mechanistic evidence is a size
gua non condition.

Now, one slightly different angle from which one can understand the idea of the guality of
evidence is by way of appealing to the weight/balance distinction, a traditional distinction in the
philosophy of evidence (Joyce 2005, Kelly 2008, Kelly 2014, McCain and Poston 2014). This
distinction can best be explained by way of an example. Suppose we have a chance set up in which
the initial results have been strongly in favour of a certain outcome. That means the respective
outcome has a strong balance. But the respective balance might well be accompanied by a small
weight, because it might be that the chance set up is biased in various ways. That is why repeating
the experiment, checking up or changing its methodology, scrutinizing its results, or making a
different team do the same experiment, would have the consequence of increasing the weight of the
evidence (even if the same outcome was obtained, and accordingly the balance of evidence remained
apparently the same).3

To choose an example closer to our theme, a population level correlation might have a strong
balance, and yet, for various reasons, its wesght might turn out to be quite weak. That is because the
size of the population might be too small and the other potential causal factors might not have been
sufficiently screened off (say, by not choosing the right subjects in a case control or observational
study, or by not randomizing and double blinding accurately in an RCT). When saying then that we
need good, quality, or, if you like, weighty evidence, we are saying we are looking for (a large volume
of) evidence that is unbiased, that is obtained using the right methodology (or ideally, using different
methodologies that obtain the same results) and that that delivers precise and detailed results.

The case of mechanistic evidence is no exception. Indeed, Clarke e @/ have provided in their
(2014) a protocol that takes into account important criteria for grading mechanistic evidence: the
independent methods that confirm (or disconfirm) a feature, the independent research groups that
confirm (or disconfirm) a feature, the proportion of features found (larger or smaller), knowing
analogous mechanisms as opposed to not knowing analogous mechanisms or even worse, knowing
that analogous situations do not exhibit such mechanisms, robustness, i.e. being reproducible across

a wide range of conditions, as opposed to fragility of mechanisms, i.e. not being reproducible even

3 Of course, it could be argued that one cannot have a strong balance without strong weight, but this side of the
discussion does not concern us here.



in slightly varying conditions.*

Pluses Minuses

Each independent method that confirms a feature Each independent method that fails to confirm—or,
worse, disconfirms—a feature

Each independent research group that confirms a feature Each independent research group that fails to confirm—
or, worse, disconfirms—a feature

Larger proportion of features found Smaller proportion of features found

Analogous mechanisms known The analogy is a weak one, or, worse, analogous situations
exhibit no such mechanism

Robust, reproducible across a wide range of conditions Fragile, not reproducible in slightly varying conditions

The list is extensive and covers a large part of our intuitions regarding the criteria that should
be employed for assessing the quality (or weight) of mechanistic evidence. Nonetheless, as the
authors themselves urge, more work needs to be done. Three issues are in place here. First, on a
general level, one would want an epistemological theory to justify these admittedly intuitive criteria
for grading evidence. Second, one would want to put more flesh onto the bones of these criteria (in
particular on the criterion of robustness) and see how these criteria work in the context of the entire
medical evidence, i.e. when taking into account a/so the evidence of population studies. Third, it
would be desirable to set out a plausible way in which the (quality) mechanistic evidence —
hierarchized using these criteria at a pre-confirmation stage — could make a contribution at the
confirmation stage itself.

The present thesis us an attempt to address these three issues. The thesis falls accordingly into
three main parts (which are nevertheless interconnected since the framework and the results of each

are carried over and enriched in the next).

i) The first part of the thesis addresses the first of the abovementioned issues. Thus, in
chapters 1 and 2, I seek to provide the epistemic justification for the Clarke ef al criteria, by
employing the framework of the Inference to the Best Explanation (IBE). Interpreted in causal
terms, IBE says that we discover causes starting from their effects, simply because causes offer the
best explanation for the existence of effects. It is an inferential theory founded by Gilbert Harman
in 1965 and developed successively by Peter Lipton in his (1999) and (2004), having nowadays

amongst its proponents prominent philosophers of science such as Alexander Bird (2010) and

4Clarke, et al. 2014, p. 357. Since these criteria are crucial for the present enquiry, the above list will be reproduced
several times throughout this thesis, depending on the different perspective from which I am taking them on.



Stathis Psillos (2002).

Given its crucial importance for the rationale of my thesis, Inference to the Best Explanation
will be described in detail in the first chapter of this thesis. Suffice to say in this Introduction that
IBE is an ideal choice as an epistemic theory because, beyond its use as a theory of confirmation, it
can be employed in the preliminary, pre-confirmation stages I have mentioned above, and does not
depend crucially on the numerical expression (as is the case for instance with the Bayesian theory, to
which otherwise it can be ‘a friendly companion’ — an aspect to be addressed in the subsequent
chapters).

After depicting its general features and its principled use in the realm of theory confirmation
in chapter 1, chapter 2 will show that IBE can provide a pattern of inference that can be employed
to grade the quality of evidence and justify the Clarke ef a/. criteria of mechanistic evidence. This
pattern of inference can be obtained developing and re-orienting the usage of IBE from the
epistemology of festimony, starting from Peter Lipton’s pioneering and inspiring work in this area
(Lipton, 2007).

Roughly speaking, when applied to testimony as a source of evidence, IBE infers the
(ptobable) truth/falsehood of testimonial reports, because the reported state of affairs is
considered part of the causal background that determines (as an effect) the respective testimonial
acts. Mutatis mutandis, when applied to other sources of evidence, the testimonial pattern of usage
for IBE allows us to infer the probable truth of evidential reports, by taking into account both a set
of commonsensical, but insightful causal principles (namely the famous set of Mill’s methods, as
advocated by Lipton himself) and a series of classical explanatory values (theoretical unity,
simplicity, scope, and individuation), which are adopted by the large majority of IBE theorists.

Thus, as mentioned, chapter 1 describes the main outlines of the use of IBE as a theory of
conformation, providing the necessary background for looking at the alternative uses of IBE, which
allows one to make the transition to IBE as a theory of the guality of evidence. Chapter 2 begins by
delineating and developing the application of IBE to testimony, and shows its direct relevance for
the medical cases. It then goes on circumscribing the combination of causal principles and
explanatory values to be used as a pattern of inference, which is applicable not just to testimony, but
to all sources of evidence, and which ultimately, can be applied (or can do justice) to the criteria of

grading evidence from Clarke ¢7 al, which are thereby justified.

ii) The second part of the thesis (chapters 3-5) deals with the second of the abovementioned
issues, namely that of adding more content to the backbone of the Clarke e a/. criteria. With respect

to robustness, for instance, it is certainly useful to know that a robust mechanism is reproducible in



a wide variety of conditions, as Clarke e a/ claim. However, one wonders - what is it that it is
reproduced?

Some ready-made answers come easily to mind. For instance, one could say that it is the
Sfunctioning of mechanisms that is being reproduced. But such ready-made answers call to mind other
questions. What does the functioning of a mechanism consist in? We come thus to an important
aspect of evaluating mechanistic evidence, namely that one needs to know or to establish what
ontically a mechanism zs, at least to a certain extent, in order to put more flesh to the bones of such
preliminary epistemic criteria. More generally, the epistemic side of the discussion (grading evidence of
mechanisms) needs to be attended by the metaphysical or ontic side (grading evidence of mechanisms).

In order to reach the largest audience, Clarke e# 4/. use the broad, non-committal definition of
mechanism in provided in Illari and Williamson (2012) which I mentioned above ‘a mechanism for a
phenomenon consists of entities and activities organized in such a way that they are responsible for
the phenomenon’ (Illari and Williamson 2012, p. 120, apud Clarke et al. 2014, p.343). It is a subtle
and neutral definition, which manages to capture the core of most mechanistic definitions in the
literature. The purpose of adopting it would be to narrow the space for controversy over (mostly
insignificant) details, and the argumentation can focus on the substantial epistemic work to be done
on mechanistic evidence. However, in the second part of the thesis, I will seek to particularize this
definition and make it sharper (taking of course the risk of going astray and entering into an area of
CONtroversy).

So what is a mechanism ontically, and what is the mechanistic causal relation ontically? Now, a
strange feature of mechanistic accounts nowadays is that most of them (Illari and Williamson’s
included), while mentioning production, functioning, responsibility for events, etc. avoid the
terminology of difference-making (in its counterfactual guise, as probabilistic dependency, or

whatnot). Here are some well-known examples, beside Illari and Williamson’s:

Illari and Williamson (2012) ’a mechanism for a phenomenon consists of entities and activities organized in such a
way that they are responsible for the phenomenon’ (Illari and Williamson 2012, p. 120, italics added)

Bechtel and Abrahamsen (2005) ‘A mechanism is a structure performing a function in virtue of its component parts,
component operations, and their organization. The orchestrated functioning of the mechanism is responsible for one or
more phenomena.” (italics added)

Glennan (2002) ‘A mechanism for a behaviour is a complex system that produces that behaviour by the interaction of a
number of parts, where the interactions between parts can be characterized by direct, invariant, change-relating
generalizations.” (italics added)

Machamer et al. (2000) [the so-called MDC account] ‘Mechanisms are entities and activities organized such that they
are productive of regular changes from start or set-up to finish or termination conditions.’(italics added)

The assumption that mechanistic causation works by production only is, as stated above,
also adopted by RWT, both in the original framework of Russo and Williamson (2007), and in the

revision/disambiguation made in Ilari (2011) (as well as in subsequent work by RWT proponents —

10



Clarke e# al. 2014, Wilde and Williamson, 2010).

Again, as stated above, this assumption of mechanistic production by causation only goes
hand in hand with a pluralistic view of evidence. This pluralistic view of evidence is inspired by the
actual practice of medicine (which asks for evidence both from population studies and from
laboratory, microstructural studies) and is reinforced by the position taken on mechanistic causation,
with respect to evidence of what is said to be required by RWT from mechanisms (i.e. production).
The pluralistic view of evidence is also maintained in Illari (2011) with respect to the evidence of
what is requited in RWT (i.e. evidence of mechanism/production, and evidence of difference-
making) - even if, as we have seen, Illari clarifies an ambiguity concerning the source of evidence (the
from what side of evidence).

However, whereas the pluralistic view of evidence is a fruitful and justified position, I think
that the production-only assumption concerning mechanistic causation is wrong, for a number of
reasons.

a) First, because it was triggered by two pseudo-problems from the metaphysics of
causation, namely the problem of absences and the problem of pre-emption (Hall, 2004), which can
be solved.

b) Second, because it forces us to separate evidence of difference making from evidence of
mechanisms, which transforms RWT into a claim that we need both population studies and micro-
structural, laboratory assessments in order to establish causal claims. This is quite problematic
because the practice of medicine offers examples in which either population studies alone, or
micro-structural evidence alone, seem sufficient to justify causal conclusion.’

c) Third, because it makes unavoidable ontic causal pluralism (i.e. the view that there are
different types of causal relations). Indeed, if mechanistic causation is production-only causation, it
is hard to imagine how the difference-making relation could be something other than a different type
of causal relation. But ontic causal pluralism is a disaster for medical epistemology (and also for
RWT), since it could not justify why and how different evidence is successfully aggregated. For
instance, why would we necessarily need evidence of both production and difference-making when
establishing causal claims, if production only could in itself constitute a full-blown causal relation?*
One could not use here the reply that epistemically, we would need evidence of difference-making
in order to differentiate processes from pseudo-processes (the former genuinely causal, the latter

accidental) since, on the ontic pluralist view, difference-making just concerns a different type of

5 This is solved by Illari (2011) but following a laborious, unnecessarily convoluted argumentation, precisely because the
assumption of mechanistic causation as productive only is maintained.

¢ E.g. if Helicobacter Pylori can produce via a mechanism gastric ulcer, then evidence of its production should be
sufficient.

11



causal relation.” Further on, how could evidence be really aggregated, if evidence point to distinct
phenomena (distinct causal relations)? Different variegated evidence (as that provided in the
framework of evidential pluralism) would not really reinforce the same causal claim, but refer to
different causal relations and different causal claims. Hence, one central insight of RWT (drawn out
of medical practice), namely that of combining evidence from population studies with laboratory
evidence, seems to lose its relevance (and the rhetoric of EBM could only profit from that, since
they advocate only the use of population studies - their views owing much to a tacit ontic pluralism,
as I will show).

d) Fourth, because it does not just blur the reasons for why one would want to aggregate
results from population studies with results from laboratory studies, but also - assuming that the
problem outlined above in ¢) was somehow solved - it makes it difficult to see (or make progress
on) the methodology of how they can fruitfully be aggregated and combined, given, again, the fact
that we would be dealing with different causal relations and different causal claims.

e) Fifth, because it masks the role mechanisms can play in mitigating the problem of
extrapolation (and, even more, it masks the problem of extrapolation itself) by requiring only
evidence of production from laboratory studies in order to ground causal claims. It masks the
problem of extrapolation because the problem of extrapolation arises due to minute differences at a
micro-structural level can modify the intensity, direction and the very existence of causal relations,
as reflected most conspicuously in the difference-making of these mechanistic causal relations
(where the difference-making of mechanisms can define their robustness). And it masks the role
mechanisms can play in mitigating the problem of extrapolation because it is by their difference-
making that mechanisms can contribute to a solution.

Chapters 3-5 address and develop the above points, chapter 3 looking at points a)-c), chapter 4
looking at d), and chapter 5 looking at €). More precisely, chapter 3 proposes that mechanisms
should be viewed as entailing both production and difference-making. The definition of mechanisms
that is accordingly adopted is a modified version of Illari and Williamson’ (2012) — a mechanism
for a phenomenon consists of entities joined by causal relations that are simultaneously productive
and difference-making, organized in such a way that the phenomenon is produced and is dependent
upon them. I defend this construal of mechanisms against familiar, but arguably overstated counter-

examples and problems, namely the problems of causation by absence and preemption, and show

7 Vice-versa, the above argumentation could be applied to difference-making causation. Why would we necessarily need
evidence of both production and difference-making when establishing causal claims, if difference-making only could in
itself constitute a full-blown causal relation? One could not use here the reply that epistemically, we would need
evidence of production in order to differentiate genuine dependencies from spurious correlations (the former genuinely
causal, the latter accidental) since, on the ontic pluralist view, production just concerns a different type of causal
relation.

12



that it is the best solution that can be adopted against causal pluralism.

Following this construal of mechanistic causation, RWT is to be formulated in a revised form
as follows. In order to establish causal claims, one needs evidence of both production and
difference-making. Evidence of production comes from laboratory studies (and, in extremely rare
cases, it could also be gathered from population studies). Evidence of difference-making comes
from both laboratory studies (the difference-making side of mechanisms) and from population
studies. In other words, population studies and laboratory studies amount to two epistemic ways of
access into the difference-making of the same causal relations. At the end of chapter 3, this revised
form of RWT is defended against specific objections that have been raised by critics, most notably
by Jeremy Howick and collaborators (2013).

The proposal that mechanistic causation should be viewed as entailing difference making
offers at the same time the possibility to re-think the interplay between mechanisms and the
population studies, and the way in which the revised RWT works. Again, the crucial notion is that
of the quality or weight of evidence, and accordingly of how the quality of evidence should bear
upon the way mechanisms and population studies reinforce each other’s results. Thus chapter 4
shows on the one hand how evidence from population studies adds weight/quality to evidence of
mechanisms, and thereby contributes to the grading of mechanistic evidence. On the other hand, it
looks also at the converse aspect, showing how mechanisms could add weight/quality to population
correlations and thereby contribute to the grading of population evidence. Lastly chapter 4
compares the revised RWT with the initial RWT with respect to how they handle the interplay
between mechanistic evidence and evidence of population studies, and argues that the revised RWT
offers insight into an additional feature of this interplay, namely how mechanistic evidence and
research can individualise and define the causal factors that are taken into account by population
studies.

The inferential framework of chapter 4 is, of course, that of IBE. In fact, once the construal
of mechanistic causation as both productive and difference-making is adopted in chapter 3, the
feasibility of using IBE in order to interpret the quality based interplay between mechanisms and
population studies is even more obvious. The reason is that — as I have mentioned above in relation
to the ways in which the difference making of mechanisms can be expressed — the various
counterfactual expressions of the dependency between the cause and the effect parallel the informal
intuitions about this same dependence, as expressed in Mill’s methods. And moreover, at bottom,
the interplay between mechanistic evidence and population studies evidence is the interplay between
two epistemic ways of access into the difference (and production) of causal relations, such that this

evidential interplay could be easily interpreted in the terms of IBE.
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Differently put, whereas chapter 2 shows how the quality of mechanistic evidence can be
justifiably graded using the Clarke e /. criteria — given an understanding of these criteria in terms
of IBE and with a neutral, non-committal construal of mechanistic causation — chapter 4 moves the
discussion of the quality of evidence on the level of the interplay between mechanistic evidence
and evidence coming from population studies, taking on the construal of mechanisms as difference-
making and interpreting the different stages of this evidential interplay as inferential moves that are
justifiable on explanatory grounds.

Chapter 5 applies the reasoning and results of chapter 4 to the problem of extrapolation,
extending the use of the revised RWT into this area as well, and defending this construal of
extrapolation against another critique by Howick e 4/, advanced in their 2013.

The central idea is that, in the extrapolation discussions, mechanisms have been viewed as a
sort of panacea, one asking from them to solve oz their own the problem of extrapolation. However,
this all or nothing strategy imposes too much burden on the mechanistic evidence, and it is likely
that no account of extrapolation could solve the problem by appealing to mechanisms only. Here is
where the joint use of mechanisms and population studies advocated by RWT finds a proper
application. Fortified with the construal of mechanisms as difference-making, this extension of
RWT to the realm of extrapolation can, for one, explain why mechanisms alone cannot be up to the
task (since their difference making cannot be fully assessed just by taking into account laboratory
studies). For another, it can suggest a way out of the conundrum, indicating that the joint use of
population studies assessments and laboratory studies can help assessing the difference making of

the mechanisms in question.

iii) The third part of the thesis (chapters 6 and 7) addresses the third of the issues highlighted
in the beginning of this Introduction, namely the eventual use of the pre-confirmation
hierarchization of mechanistic evidence for confirmation purposes. After having circumscribed and
graded the high quality mechanistic evidence at the preliminary level, how can this evidence be used
for the confirmation of causal claims?

Chapters 6 and 7 suggest an answer to this question starting from the results of chapter 4. The
main insight of chapter 6 is that, if indeed mechanistic evidence adds weight to the results of
population studies, then the friendly companionship between IBE and Bayesianism should be traced
out by looking at how precisely, for confirmation purposes, the weight of evidence of population
studies is increased by mechanistic evidence. It will be suggested - along the lines of a proposal
made by McCain and Poston in their (2014) - that the contribution of explanatory features to the

Bayesian confirmation of medical causal claims amounts to the increase of the resilience of
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probability functions corresponding to population level assessments that are backed up by
mechanistic evidence. One additional source of inspiration for this resilience proposal is
Williamson’s account of epistemic causality and his corresponding account of objective
Bayesianism.

Finally, chapter 7 complements the argumentation of chapter 6, by looking at how the
explanatory values employed in IBE can be objectively justified, in order to be used for constraining
priors and likelithoods. Chapter 7 will thus provide more speculative justification for the use of these
values, in addition to the meta-induction argument from the success of science, put forward in
chapter 1. Once again, the main source of inspiration for this additional justification will be Russo
and Williamson’s account of epistemic causation. Although more speculative, this additional
justification of the objectivity of explanatory values is meant to be stronger than the usual meta-
induction argument from the success of science, which is used very frequently in the literature. If
this stronger justification works, then we should have accordingly more epistemic support in using
the explanatory values for the (very controversial) move of constraining priors and likelihoods. In
the area of application of this thesis this move would translate as the suggestion that mechanistic
evidence could be used. Finally, some other problematic (and related) aspects of the ‘friendly
companionship’ are also discussed chapter 7 - including the issue of whether, and how, Bayesianism

and IBE are distinct methods of inference.

One complementary way in which the content of the second and third parts of the thesis can
be summarised is to say that, starting the from the introduction of the construal of mechanisms as
difference making and of the revised RWT in chapter 3, these third and second parts of the thesis
discuss successively a number of epistemic advantages that the revised RWT is meant to bring
about with respect to the evidential interplay between mechanistic evidence (i.e. evidence from
laboratory studies) and population studies evidence, both at the pre-confirmation, quality grading
level, and at the level of confirmation and extrapolation of causal claims. These epistemic
advantages could be listed as follows

I) Evidence of population studies to eliminate confounding and make manifest the difference-
making of mechanisms (chapter 3)

II) Mechanistic evidence and research could help to individualise the causal factors taken into
consideration by population studies (chapter 4)

III) The mechanistic evidence could increase the weight of population studies evidence and
hence could contribute to the pre-confirmation grading of its quality, in a way that justified on

explanatory grounds (chapter 4)
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I1”) The difference-making evidence from the population studies could increase the weight of
mechanistic evidence and hence could contribute to the grading of its quality, in a way that justified
on explanatory grounds (chapter 4)

V) The evidence of difference-making from population studies could fortify the evidence of
difference-making from laboratory in order to identify robust mechanisms, which should be better
prepared to face the problem of extrapolation (chapter 5)

1) In the context of the collaboration between IBE and Bayesianism, the increase of weight
brought about by mechanistic evidence could influence the resilience of probabilities functions of
hypotheses established by the Bayesian theory taking into account population studies evidence
(chapter 6)

I1I) In the context of the collaboration between IBE and Bayesianism, mechanistic evidence
could be used employed to constrain the prior and/or likelihood probabilities established by the

Bayesian theory taking into account population studies evidence (chapter 7).

Note that, throughout the thesis, I will be using two (related) case studies. One will draw
various examples from the history of atherosclerosis. The other will look at various treatments for
hypertension and heart failure, in particular in relation to the treatment with beta-blockers and
calcium-blockers.

A word is in place here about the general approach of the thesis. As it must be clear by now
from this Introduction, the general approach is that of trying to offer a global picture by looking at
quite diverse epistemic consequences of the revised RWT proposed here. As usual, in writing a
thesis, I had the choice of ecither focusing on a well-delineated aspect of grading mechanistic
evidence, in order to chart and explore it to the last detail, or trying to offer a plausible global
picture by gathering forays into different aspects of evidence grading and subsequent hypothesis
confirmation, which my view of mechanistic evidence and causation led to. With the benefit of
hindsight, I should have picked out the first option, for the simple reason that it would have been
casier. I was led to the second option because some of my intuitions were going against the
intuitions of proponents of the initial RWT, who had already drawn a comprehensive global picture
of causal assessment. In defending my views and trying to answer quite diverse, and legitimate
questions, I had to try and draw such a global picture myself, at the risk, of course, of not being
sufficiently detailed, of not pursuing further enough my arguments, and of maintaining the level of
suggestions where one would have perhaps expected a demonstration or more powerful arguments.

It is almost superfluous to add that the present thesis owes enormously to (and simply could

not have been written without) the research done by the proponents of the initial RWT. The
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criticism put forward intermittently in this thesis to some of their assumptions is only intended as a
form of suggestion for potential improvement, embraces of course the caveat that the respective
suggestion might be wrong, and is made, as I said, under the full awareness of the great conceptual
debt owed to their research.

Speaking of indebtness, this final part of this Introduction has in the following two series of
figures. One series presents successively the content of the subsequent chapters using as a template
tig 1 from Clarke ef a/ 2014 — a template used by Clarke e 2/ in the framework of the initial RWT,
and which I have adapted for the revised RWT. Similarly, the other series presents successively the
content of each of the subsequent chapters, but using a different template, directly focused on the
revised RWT and its epistemic advantages, in landscape.

The figures from the two series corresponding to each chapter will also be reproduced in the
thesis before the beginning of the respective chapter. They are meant to provide a graphic, if
imperfect, preview of the content of the each chapter, giving a sense of both the continuity and
difference of the thesis as compared to previous work, and hopefully helping to draw the diverse

aspects treated here into the global picture that was intended in discussing them.

17



Schematic representation of the main thread of the thesis. The left hand side part presents the
inferential side of the arguments. The right-hand side presents first the ontic claim about mechanistic
causation, in the framework of ontic causal pluralism. I it followed by the revised version of RWT and a
series of epistemic advantages of the latter — the first four advantages concerning the pre-confirmation
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Initial figure in Clarke et al. (2014) p. 255
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Overall figure for the thesis
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Evidence of mechanisms becomes evidence of both difference making
and production.

Language of correlation is substituted with language of difference
making.

Grading correlation evidence becomes grading evidence of difference
making from population studies.

Graded evidence of mechanisms from laboratory studies is used for the
claim that A is making a difference to B here.
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the claim that A produces B here.

A is cause of B
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there.
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Chapter 1
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Chapter 1 introduces the most important features of IBE,
describing the role of explanatory values and the causal
interpretation of IBE put forward by Lipton, who
presents explanatory inferences as guwides to the
confirmation of causal claims. this patient.

A is cause of B

Chapter 1 also looks at some particular cases of
mechanistic evidence in which IBE can be used not just as
a guide to confirmation, but directly in order to confirm A is cause of B
causal claims, due to the fact that the explanatory content there.

of evidence is so rich that one can rule out all alternative

explanations and pick out the right one (Inference to the

Only Explanation).
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Chapter1. General lines of IBE, and its use as a theory of confirmation

Introduction

This chapter proposes to present the most important features of IBE and its main use as a
theory of confirmation. The discussion in this chapter which will offer us the necessary background
for making the transition in chapter 2 towards the theory of the quality of mechanistic evidence, by
elaborating upon the alternative employment of IBE in testimony.

One reason why it is useful to first describe IBE as a theory of confirmation is that it makes it
easier to see some of its most important advantages. These advantages are: being ampliative (i.e.,
amplifying, increasing knowledge), paying heed to the reliability (or weight) of evidential sources,
having a close descriptive relationship with what scientists actually do, and a lack of dependence on
the numerical expression.” This sets it apart from the Bayesian theory and makes it amenable to a
wider variety of uses.

Indeed, this general presentation of IBE in its theory-confirmation use not only provides us
the background for the subsequent theme of the pre-confirmation assessment of the quality of
evidence, but it also has an interest 7 ##self. When it comes to what theory of evidence confirmation
we should choose for our causal claims in medicine (including here the causal hypotheses derived
from mechanistic research) the first candidate that comes to mind is the probabilistic theory of
confirmation, according to which, roughly speaking, evidence most confirms the theory whose
probability it most raises, and which, in its Bayesian form, has been enormously popular for several
decades. As with all theories of evidence confirmation, however, the probabilistic view has its
advantages and disadvantages. With respect to mechanisms specifically, its most salient advantage in
general - namely its numerical expression - does not appear as strong as usual, because in
mechanistic research in medicine, the amount of data is not as comprehensive as in population
studies. There is also the related problem that evidence is often expressed in qualitative, rather than
quantitative terms.’

Saying all this is not to diminish its importance, though. Bayesianism is still an important
option, the first option whenever its application is possible, and recent work suggests that its use in
medical mechanisms can be very extensive and fruitful (Clarke ef a/ 2014b). But what should be

done when numbers are missing or are insufficient? And is the probabilistic view the only

8Very recent work by Glass, Douven, Schupbach and Wenmackers aims in addition to construe IBE as a theory of
confirmationwith a numerical expression; see Glass (2012), Douven and Schupbach (2015), Douven and Schupbach
(2015b), Douven and Wenmackers (2015), Douven (20106). Since this recent work is still controversial, I will not
approach it here and will stick with the key features of IBE that are commonly adopted by IBE theorists.

% Earman 1992 has provided a full overview of the problems faced by the Bayesian approach, all the more insightful
since it is provided by a Bayesian theorist.
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standpoint on theory confirmation one could adopt in the intricate area of mechanism research?
One response to these (slightly rhetorical) questions is simply that IBE should also be given a
chance, so to speak. This type of explanatory inference is best known for its applications in the
scientific realism debates, but it has also gained important proponents in the general philosophy of
science as an account of scientific theory confirmation (e.g., Stathis Psillos, Alexander Bird, and
Peter Lipton). To a certain extent, it has also been employed in the special sciences, medicine
included," although not with a focus to mechanisms.

Admittedly, IBE certainly cannot exhaust the richness of our inferential patterns in science.'
But I will try to show that it is an insightful and interesting way of looking at the impact of
evidence of mechanisms on the confirmation of causal claims in medicine, at least in certain
particular cases of laboratory research, in which the qualitative side of the mechanistic evidence is
prevailing (as can be seen from some examples from the history of atherosclerosis.

As for the other cases, in which not just the qualitatively rich evidence of mechanisms is in
place, but also other types of evidence (in particular, the evidence from controlled studies at
population level) IBE should not be viewed as a rival of the probabilistic (Bayesian) view in the
realm of theory confirmation, but rather a friendly companion, whenever they might cross paths
(Lipton 2004, pp. 107-117). IBE is supposed to be consistent with the probabilistic assessments, to
apply, as I said, where the probabilistic results are missing or insufficient, to complement them when
they are present, and to bring in some advantages of its own. But the treatment of this more
complicated case of the complementarity between IBE and Bayesianism will have to wait until
chapter 6.

The present chapter will present in §1 the general limes of using IBE on its own as a theory of
confirmation, and will show in §2 how this confirmation use can be applied to mechanistic evidence

and mechanistic hypotheses.

§ 1 General lines of IBE

IBE is an inferential method that, as its name immediately suggests, takes us from an

explanandum (a phenomenon to be explained) to the truth of the explanans (the explanation)

10 Semmelweis” discovery of the causes of puerperal fever has been a favorite example for both Lipton (2004) and Bird
(2010). Bird has also provided an analysis of Bradford-Hill’s criteria in terms of his own brand of IBE, in Bird (2011).

11 In Lipton’s words: “The sensible modesty consists in making no claim that Inference to the Best Explanation is the
foundation of every aspect of non-demonstrative inference... It is glory enough to show that explanatory
considerations are an important guide to inference. Consequently, there is no need to argue heroically for a perfect
match between the explanatory and the inferential virtues. Similarly, in the third stage there is no need to argue that
explanatory considerations are our only guide to inference, just that they are a significant guide, an important heuristic’
(Lipton, 2004, p. 121).
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where the latter is in the best position to account for former. As such, IBE occupies a middle
ground between deduction and induction as far as the logic of inference, broadly speaking, is
concerned. Analogously, it also occupies a middle ground in the more restricted area of scientific
confirmation and explanation, between the hypothetico-deductive model of scientific confirmation
and the covering law-model of explanation (Hempel [1948], (1970).

Let us give an easy example. On the side of the elementary logic of inference, with the famous
‘Elementary, my dear Watson!’, Sherlock Holmes would readily convince his companion that his
reasoning was based on deduction only. Brilliant as his inferences certainly are, what his reasoning
exemplifies is not deduction but IBE - inference to the best explanation. In most of the cases
solved by Holmes, the possibility that someone else committed the murders is not completely ruled
out. But this possibility is shown to be highly implausible, since Arthur Conan Doyle’s hero would
always cling on the relevant evidence and choose the hypothesis that best explains the facts (Lipton,
2004, p. 116, Lipton, 2000, p. 180).

Interestingly, on the other end of the logical spectrum of inference, even induction, when
successful, can be shown to be a limit case of IBE. In our inductive practices, we generalise from
the observed instances because we think that the ensuing generalisation, taken as a law or having
some sort of nomic appeal, will explain the presence of such and such traits and interactions in the
observed instances (Harman, 1965, pp. 90-91, Psillos 2002, p. 620). From this perspective, IBE is
inter-twined with how our scientific hypotheses are generated and confirmed, and we can see this
more clearly if we compare IBE with two of the grand models of confirmation and explanation
from the philosophy of science.

Hempel’s hypothetico-deductive model of confirmation would have it that we test our
hypotheses by means of their predictions (that deductively follow from the hypotheses under test),
where we are not offered any insight into how these hypotheses are devised, and, when an instance
appears to disconfirm a theory, there is hardly any way to distinguish whether it is the core-theory or
the auxiliary assumptions that should be dismissed. On the other hand, in the covering law model
of explanation, providing an explanation is a subsequent step to the acquiring and confirming of
laws, a step provided just to account for the epistemic dimension of understanding (Psillos, 2002,
pp. 612-613, Lipton 2004, pp. 67, 82-83).

By contrast, in the framework of IBE, the act of explanation is already part and parcel of
devising and confirming hypotheses (Lipton, 2004) and understanding is inextricably linked to the
way we choose among competing theories. Such IBE practices have been shown to make up a huge
part of the inferences scientists actually draw; and in medicine, recent work has shown as well its

wide applications. McMullin (1992) has called IBE, in its abductive denomination “the inference
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that makes science.”

Importantly, IBE takes into account the guality of the evidence in favor of some hypothesis or
another — whether, for instance, the samples used in drawing a generalisation are biased or not."”
One way to this more cleatly, is to go back to the founding article of Gilbert Harman from 1965. It
was Harman who first explored the apparent contrast between simple, enumerative induction, on
the one hand, and those cases of explanatory inference, typified by the Sherlock Holmes-ian
conclusions (‘the butler did it!’), in which one infers - from the premise that a given hypothesis
would provide a ‘better’ explanation for the evidence than would any other hypothesis - the
conclusion that the given hypothesis is true (Harman 1965, p. 89).

It was still Harman who argued that those cases of enumerative induction that are warranted
are (masked) instances of IBE - where, and this is the point I wanted to insist upon - such
inferences take into account the redability or quality of the sources of evidence. Taken the
enumerative induction from ‘all observed As are Bs’ to ‘all As are Bs’, and assume that we are
dealing with projectable predicates. Now, one necessary condition for such an inference to have
warrant is that we should have no reason to believe, for instance, that the analysed sample has been
biased in the As and Bs it contains. The masked IBE that underlines cases of warranted
enumerative induction is able to do so precisely because it takes into account how reliable (or, of
what quality) the evidence is. When accepting on explanatory grounds that ‘all As are Bs’ one takes
into account how reliable our samples of As and Bs are, because one thinks that this winning
hypothesis (‘all As are Bs’) explains the evidence that ‘all observed As are Bs’ better than the
hypotheses that, say, ‘not all As are Bs’ or, more directly, ‘some As are Bs and the sample has been
biased” (Harman, 1965 pp. 90-91). IBEs are never adequately drawn without taking into account
what we know, or what we hold as true, with respect to the guality of the evidence. In Psillos’s
words, they always imply and are supported by claims about reliability or quality. This aspect of IBE

is so important for the present thesis that Psillos’ exposition is worth quoting here.

‘The basic idea is that good inductive reasoning involves comparison of alternative potentially explanatory
hypotheses. In a typical case, where the reasoning starts from the premise that 'All As in the sample ate B', there ate (at
least) two possible ways in which the reasoning can go. The first is to withhold drawing the conclusion that 'All As are
B', even if the relevant predicates are projectable, based on the claim that the observed cotrelation in the sample is due
to the fact that the sample is biased. The second is to draw the conclusion that 'All As are B' based on the claim that
that the observed correlation is due to the fact that there is a nomological connection between being A and being B
such that All As are B. This second way to reason implies (and is supported by) the claim that the observed sample is not biased. What is
important in any case is that which way the reasoning should go depends on explanatory considerations. Insofar as the conclusion "All As are
B' is accepted, it is accepted on the basis it offers a better explanation of the observed frequencies of As which are B in the sample, in
contrast to the (alternative potential) explanation that someone (or something) bas biased the sample. And insofar as the generalisation
to the whole population is not accepted, this judgement will be based on providing reasons that the biased sample
hypothesis offers a better explanation of the observed correlations in the sample. Differently put, EI [enumerative
induction] is an extreme case of IBE in that a) the best explanation has the form of a nomological generalisation of the

12 Psillos, 2002, p. 621.
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data in the sample to the whole relevant population and b) the nomological generalisation is accepted, if at all, on the
basis that it offers the best explanation of the observed cortelations on the sample’ (Psillos, 2002, pp. 620, 621, italics
added).

How we come to assess an evidential source as reliable or not might well involve IBE as well,
but it is very important to note that there are two separate issues here. One issue is how we come to
confirm a certain hypothesis based on evidence, and whether one takes into account what we know
of the quality of the respective evidence. A different issue is how we come to know how reliable the
evidence is and how we assess the quality of evidence. An IBE theorist can always hold that the
quality of evidence (no matter how it is assessed by scientists or lay people) is taken into account in
the inferences for confirmation of scientific (or lay) hypotheses, without being obliged to furnish in
addition any argument as to how the quality of evidence is evaluated, as such.”

For now; it should be noted that Harman’s initial account of IBE was both too strong and too
weak. Too strong because, for obvious reasons of fallibility, one should rather speak of the probable
truth of the best hypothesis (Lipton, 2004); we should aim for truth but a recipe for it is impossible.
Too weak because he did not say much about what criteria or explanatory values one should employ
for evaluating the explanatory goodness of hypotheses. However, the explanatory goodness of
hypotheses is crucial for picking the right one in the framework of IBE, much of the subsequent
work has been devoted to spelling out what these criteria or explanatory values are.

The core explanatory values that are currently accepted in the IBE literature say that we should
choose the theory that best fits with the relevant background knowledge (theoretical unity), that
explains more evidence or the total of it (scope), makes use of fewer assumptions and theoretical
entities (simplicity), and articulates a mechanism when explaining (individualisation). Here is how

these values are laid down by Stathis Psillos:

Theoretical Unity: Suppose that there are two potentially explanatory hypotheses H1 and H2 but the relevant
background knowledge favours H1 over H2. Unless there are specific reasons to challenge the background knowledge,
H1 should be accepted as the best explanation.

Scope: Suppose that only one explanatory hypothesis H explains all data to be explained. That is, all other competing
explanatory hypotheses fail to explain some of the data, although they are not refuted by them. H should be accepted as
the best explanation.

Simplicity: Suppose that two composite explanatory hypotheses H1 and H2 explain all data. Suppose also that H1 uses
fewer assumptions than H2. In particular, suppose that the set of hypotheses that H1 employs to explain the data is a
proper subset of the hypotheses that H2 employs. Then H1 is to be preferred as a better explanation.
Individualisation: Suppose that H1 offers a more precise explanation of the phenomena than H2, in particular an
explanation that articulates some causal-nomological mechanism by means of which the phenomena are explained.
Then H1 is to be preferred as a better explanation.!*

13 Harman has also argued that how one judges various sources of evidence as to their reliability (or quality), involves, at
least in part, inferences to the best explanation, where such inferences point to the truth of the evidence being
furnished or provided; see Harman (1965, pp. 93-94). I will look into this aspect in chapter 2.

14 Psillos, 2002 uses in fact different denominations for the above values (namely consilience, completeness, parsimony and
precision) and adds two more, namely mportance(doing justice to the most important parts of the evidence) and wnuification
(providing a unitary explanation for the diversity of evidence. Importance and wunification could be considered as sub-
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There seem to be, however, two problems with the use of explanatory values in order to
adjudicate which theory is more explanatory than another, namely the problem of arbitrariness and
the problem of vagueness. First, there is the worry about the arbitrariness of the these values: why
should nature and our theories of it be simple, theoretically unified, individuating, etc.? Despite all
of the ink spilled on the subject in tackling this first problem, I can confine myself here to the
remark that this is simply what science does and aims at, and why contemporary science is more
successful than, say, ancient science. Anyone comparing one of Galen’s therapeutic guidelines or any
of the Hippocratic treatises with a contemporary medical textbook will have to acknowledge that
the modern approach and the medical knowledge thereby involved are simpler and more
individualised, have greater scope and greater theoretical unity, and accordingly, explain medical
phenomena better than the ancient counterparts. Surely, for instance, the current classification of
pulmonary diseases in terms of different pathogenic factors and morpho-pathological abnormalities
does more to the systematisation of these phenomena than the classifications employed by the
Galenic or Hippocratic schools in the background of their humoral theories.” Indeed, being
actually descriptive of the advance and current practice of scientific research is one apparent feature
of IBE to which I shall return.'®

The second problem is more serious because it is easy to see that in spite of their elegant
presentation provided by authors like Psillos or Lipton, how these values should be applied remains
somewhat vague. In fact, they do not seem to go much beyond the suggestions for explanatory
relevance that Harman gestured at in his (1965) article, declining to say more about it (Harman,
1965, p. 89).

In turn, there are two ways of escaping this problem of vagueness. One is nicely explained by
Psillos - IBE is only vague when one tries to define it in an abstract way, away from the real-life
situations in which it is applied (Psillos, 2007, pp. 441-447). For instance, not much can be said in
general about the background knowledge that researchers possess in every particular science. This
background knowledge becomes evident, however (and intimidatingly so for the outsider) when
real-life examples of inference are brought forward from, say, quantum mechanics or medical

microbiology. Similarly in the case of IBE and its applications, what is really important to be

species of (what was called above) scgpe; although important in themselves, these two values are not especially relevant
for the present thesis (for which the set of core-values listed above suffices), and I will leave them aside.

15 For a presentation of Galenic and Hippocratic views on the pulmonary pathology (and physiology), as well as the
background humoral theory, see Debru (1996), Nutton (2013), and Jouanna (1992).

16 In addition to this meta-induction argument from the success and progress of science, value epistemology (including
its neo-Aristotelian tenet) has offered plausible ways of integrating these values in a normative framework (Wilkenfeld,
2014). I will offer in chapter 7 another (more speculative) justification for the use of these values in inference, based on
a discussion of Lewis’ approach to scientific laws.
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explained, what methodologies are reliable and at what point they should be used, how to test, say,
the strength of a mechanism or reach a sufficient degree of precision in its description in order to
respect the value of individuation, etc., are all features that can remain vague on a general
presentation but gain content when viewed from the inside of a scientific field, from the point of
view of its tacit rules and practices. These rules and practices might differ in articulation from one
science to another. This does not mean that they cannot in principle be spelled out, at least in part,
and that one should not aim at spelling them out. An IBE theorist should try to do it, but inside a
given science, by making explicit, at least in part, what is more or less tacit in a specific field.

The other way of escaping the problem of vagueness arises from Peter Lipton’s work on
contrastive explanation, which, drawing on Mill’s famous causal methods, has introduced specific
causation material into our explanatory reasoning. Lipton started from the insight that when seeking
to explain a certain situation, we are comparing it with a foil case that resembles it as much as
possible, with the difference that the explanandum does not show up. The explanation is
subsequently chosen by looking at the background factors that are present (as causes) in the
situation to be explained (as effect), and are absent in the foil. Naturally, hypotheses that fail to
account for these background factors are eliminated. This feature of contrastivity is ingrained in our
explanatory practices. As mentioned, Lipton argued that the reasoning behind such practices
appeals to Mill’s methods for discovering causal relations (in particular, the Method of Difference).

Here is how the Methods were laid out by Mill in his Systen of Logic

a) Direct method of Agreement: If two or more instances of the phenomenon under investigation have only one
circumstance in common, the circumstance in which alone all the instances agree, is the cause (or effect) of the given
phenomenon

b) Method of Difference: If an instance in which the phenomenon under investigation occurs, and an instance in
which it does not occur, have every circumstance save one in common, that one occurring only in the former; the
circumstance in which alone the two instances differ, is the effect, or cause, or a necessary part of the cause, of the
phenomenon.

¢) Joint Method of Agreement and Difference: If two or more instances in which the phenomenon occurs have only
one circumstance in common, while two or more instances in which it does not occur have nothing in common save the
absence of that circumstance; the citrcumstance in which alone the two sets of instances differ, is the effect, or cause, or
a necessary part of the cause, of the phenomenon.

d) Method of Residue: Subduct from any phenomenon such part as is known by previous inductions to be the effect
of certain antecedents, and the residue of the phenomenon is the effect of the remaining antecedents.

e) Method of concomitant variation: Whatever phenomenon varies in any manner whenever another phenomenon
varies in some particular manner, is either a cause or an effect of that phenomenon, or is connected with it through
some fact of causation.(Mill, 2002 [1843], p. 455)

This contrastive type of cansal explanation - which works by circumscribing causal factors whose
presence or absence in the background do or would make a difference to the explanandum in
question (in contrast to the foil situation), and thus eZminating spurious hypotheses - has helped

enormously to put flesh on the bones of IBE because it has enriched the set of criteria based on
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explanatory virtues with specifically cansal criteria.'”

The sceptic reader might worry why after all did Lipton appeal precisely to Mill’s methods and
whether the latter should be considered so significant for our inferential practices. But the worry
would be unjustified. Mill’s methods are basic intuitions about causal discovery and confirmation,
which can be detected in the back of most contemporary accounts of causation, be they
manipulative, counterfactual, probabilistic, etc., including the various forms of Humean and anti-
Humean accounts.” Moreover, the consequence of the extremely wide application of these
methods—a consequence which, cautiously, Lipton never spells out, but which is quite plausible and
will be articulated further in the following chapter (starting from chapter 3) —is that the general
appeal of Mill's methods (and of the explanations associated to them) comes from the fact that
difference-mafking is intimately related to causal relations, at least in the medical and biological area,
including here the mechanistic causation.

Speaking just in terms of plausibility, one only needs to consider the literature offering
perfectly coherent accounts of causation that are universal in scope and include difference-making
as a necessary condition of cause-effect relations, such as Alexander Bird’s account of causal
powers.” On the other hand, Lipton rightly notes that there is more to causation than just
difference-making and Mill’s methods (although the latter are an important part of it), which
explains in part his reservation as to the general applicability of IBE to any sort of causal context.
While explanatory considerations are relevant, they cannot represent the whole story in our
inferential patterns. Moreover, given that IBE does not have a numerical, quantitative expression
and is predominantly concerned with the qualitative aspects of evidence, it is not sufficiently fine-
grained, in general, to really draw confirmation conclusions in complicated cases of hypothesis choice.

Another way to express the same idea would be to say that, in general, explanatory
considerations are simply a guide to inferential confirmation. Or, in terms of a distinction Lipton also
introduces, the inference to the /Joveliest explanation (i.e., the inference that pays full heed to
explanatory considerations) should be a gude to the inference to the /ikeliest explanation (i.e., to the
ultimate, warranted explanation)®. Apparently, Lipton was close to identifying inference to the
Likeliest Explanation with a Bayesian inference that would take into account explanatory

considerations (i.e. would be guided by the inference to the Loveliest Explanation) in the sense that

17 See, for instance, Lipton (1993, pp. 39-40, 42-43; see also Bird (2007), Bird (2010), Bird (2011) and Psillos (2000),
Psillos (2002), Psillos (2007). Aside from Mill’s methods, Psillos and Bird also discuss the nomological side of the
explanation in question, and Bird has emphasized the eliminative aspect of IBE.

18 A comprehensive overview of Mill’s methods and their significance can be found in Cartwright (1989).

19 See Bird (2005) Bird (2007), especially his statements on the difference between the methodology of discovering
causes and the metaphysics behind causation.

2Lipton (2004, p. 115); see also the exchange of articles and replies between Lipton and Salmon, in particular Salmon
(2001) and Lipton (2001)
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these explanatory considerations would have a role in the assignment of priors and likelihoods, and
also in the selection of the relevant evidence (Lipton, 2004, pp.106-117).*'Lipton’s insight seems
particularly relevant. The reason is that in such a joint use of IBE and of the Bayesian theory, IBE
could draw on the numerical, quantitative expression afforded by Bayesian probabilities and solve
the problem of making fine-grained differentiations between hypotheses, which was noted above.
We will come back to this insight in chapters 6 and 7.

Up until chapter 6, I will confine myself to underlying the descriptive accuracy of IBE for
scientific practice, and will mostly stick with Lipton’s assessment of IBE as a guide to scientific
inference. Moreover, up until chapter 3, I will leave aside the possible explicit articulation of
mechanistic causation in terms of difference making, and will use the non-committal, general
definition of mechanism provided by Phyllis Illari and Jon Williamson (2012) and also employed by
Clarke e# al., which says that ‘a mechanism for a phenomenon consists of entities and activities
organized in such a way that they are responsible for the phenomenon’ (Illari and Williamson, p.
120). However, the reader should bear in mind that there is a separate argument concerning the
metaphysics of causation and the definition of mechanisms which includes difference making, and which
I will defend in chapters 3, 4 and 5; that approach to mechanisms should add further support to the
conclusions of the first two chapters.

There is one last important aspect of IBE which needs to be covered in this introductory
chapter. We have noted above, in connection with the guiding use of IBE, that due to its
predominantly qualitative conclusions, this inferential method is not in general sufficient to really
confirm hypotheses. However, there are some rare instances in which the abundant nature of
evidence allows IBE to pick out the right hypotheses, because it is able, on grounds of the such
explanatorily rich evidence, to rule out all alternative explanations; it can then rightly be called
‘Inference to the Only Explanation” (Bird, 2009). We will look in the next section at some example
of it from mechanistic research, since it illustrates at its best how Mill’s methods can be used in

conjunction with explanatory reasoning.

§ 2. IBE-based confirmation applied to mechanistic hypotheses

I now return to the claim that IBE is actually descriptive of the way science works, which I
previously mentioned in relation to the general values of explanatory goodness (theoretical unity,
scope, simplicity and individuation) and to Lipton’s causal interpretation of IBE using Mill’s

methods.

21 'The collaboration of IBE with the Bayesian theory is a theme to which we shall return in the final two chapters of
this thesis.
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Indeed, much research in medicine proceeds along the lines of Mill’s methods (Lipton, 2004 p.
90). Since this is a crucial part of the attractiveness of IBE for medical studies, I shall take in the
following two examples from the history of atherosclerosis, a great resource for understanding how
medical research unfolded in modern times, spanning as it does almost a century of investigations
that incorporated all the major physio-pathological discoveries of modern medicine. Since these two
examples, as well as many of my other examples from the following chapters, are drawn from these
investigations, it is useful to mention briefly the milestones of this tremendous research into the
causes of atherosclerosis.

The initial hypotheses taken into account at the turn of the century were that the
atherosclerotic modifications of arteries would be due to protein toxicity or just amount to
senescent modifications. The hypothesis regarding the pathogenic character of cholesterol -which
had already been advanced in the 20s by Nikolai Anitschkow - was not taken into serious
consideration until the 50s, when the full spectrum of lipoproteins was described, which was
followed in the 60s by the identification of their low-density fraction (LDL) as the main carrier of
cholesterol. In turn, the link between the cellular uptake of LDL and the LDL receptor was
hypothesized and documented in the 70s and 80s, when the presence of foam cells inside the
atherosclerotic lesions was explained in terms of macrophages taking up oxidized LDL via the
famous ‘scavenger’ receptor.

The taking into consideration of the macrophages/monocytes, as parts of the immune
system, was going hand in hand with a complementary hypothesis (detailing the mechanism of the
pathogenic action of cholesterol - the ‘response to injury’ hypothesis. This hypothesis took the
pathogenic effects of cholesterol to be augmented by the inflammation produced locally in the
arteries. The hypothesis was further strengthened by a series of discoveries of inflammation-related
receptors (too numerous to quote here). Suffice to say that the grand picture emerging from all this
research - which is nowadays accepted but is still considered incomplete - is that the initial step of
atherosclerosis consists in endothelial injury, followed by the accumulation of cholesterol in the
walls of arteries and the invasion of monocytes turning into foam cells, coupled with proliferation
of smooth muscle cells and local thrombus formation (Steinberg, 2007).

Now, my first, simplest example comes from the early history of atherosclerosis. As I said,
around the turn of the century, one of the putative hypotheses for the atherosclerotic modifications
of arteries was that they were due to protein toxicity. Indeed, initial experiments on rabbits were
started in order to check this protein toxicity path. However, the diet administered during the
experiments was later changed to include only the lipid component (Kritchevsky, 1995). The reason

for the change in experimental diet was simply that the proteins as such were not making any difference
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to the atherosclerotic lesions. Accordingly, the protein hypothesis was ruled out, and the explanatory
grounds are easy to read. The failure of Mill's method of difference for the protein diet leads to the
elimination of the protein toxicity hypothesis, as not being able to explain the atherosclerotic
lesions. This is a simple, but insightful example of the use of Mill’s method of difference, and of
the eliminative dimension of IBE.

We can look now at a second, slightly more complicated one, which comes from the process
of discovery of the LDL receptor. The discovery of the LDL receptor came about through
research done into familial hypercholesterolemia (FH), and the precise modifications induced by the
genetic disorder underlying it. Beginning in 1972, Joseph Goldstein and Michael Brown, two
scientists trained in enzyme biochemistry, initiated a series of experiments with the working
hypothesis that the high levels of cholesterol in FH might be due to a genetic disorder of HMG-
CoA reductase - an enzyme with a rate-limiting effect in the synthesis of cholesterol (Steinberg,
2005). They used the cell culture technique and employed skin fibroblasts, since the use of human
liver cells was very difficult (given the risks associated to liver biopsies).

Their findings showed that in normal cells, in the presence of serum, the cholesterol synthesis
was low, whereas in the absence of serum, when incubated in culture medium overnight, synthesis
increased almost ten-fold. The addition of LDL to the culture medium significantly reduced the
synthesis. On the other hand, in FH-cells, both in the presence and in the absence of serum, the
cholesterol synthesis had a high rate, and the addition of 1.DL showed no inbibitory effects (the activity of
the reductase enzyme being 50 to 100-fold above normal). This seemed to lend further support to
the hypothesis that feedback control by lipoproteins/cholesterol transported in the LDL-form was
defective in the FH cells due to a genetic defect of the HMG-CoA reductase. However, this
hypothesis was dismissed by the next experiment. Here is how Goldstein and Brown themselves

describe the turning point of their research.

The key to the receptor mechanism emerged in 1973 from studies of cells from patients with homozygous FH 8. When
grown in serum containing lipoproteins, the homozygous FH cells had HMG CoA reductase activities that were 50 to
100-fold above normal. This activity did not increase significantly when the lipoproteins were removed from the serum,
and there was no suppression when LDL was added back. The simplest interpretation of these results was that FH
homozygotes have a defect in the gene encoding HMG CoA reductase that renders the enzyme resistant to feedback
regulation by LDL-derived cholesterol. This working hypothesis was immediately disproved by our next experiment. We
delivered cholesterol in ethanol instead of in LDL. When mixed with albumin containing solutions, cholesterol forms a
quasi-soluble emulsion that enters cells by adsorption to the plasma membrane. When cholesterol was added in this
form, the HMG CoA reductase activities of normal and FH homozygote fibroblasts were equally suppressed. Clearly,
the defect in the FH homozygote cells must reside in their ability to extract cholesterol from the lipoprotein, and not in
the ability of the cholesterol, once extracted by the cells, to act. But how do normal cells extract the cholesterol of
LDL? The high affinity action of LDL suggested that a cell surface receptor was involved. (Brown and Goldstein 2009,
p. 433)

This crucial experiment showed that the presence of cholesterol not in the LDL-transported
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form does have an inhibiting effect on these cells, which meant in turn that the feedback response to
cholesterol could be affected inside the cells and that the activity of the reductase enzyme could be
down-regulated. The implication was that, when offered as part of LDL, cholesterol simply does
not get into cells, indicating a missing receptor, and they managed to clone the cell in the following
years, receiving the Nobel Prize in 1985.

Again, the tacit use of Mill’s methods is cleatly visible in their experiments. For instance, the
method of difference is saliently in place in the experiments comparing the rates of activity of the
enzyme when LLDLs are present or absent in serum and the culture medium of fibroblasts (firstly, in
normal cells, and secondly, in FH-cells). When cholesterol per se was added in the serum of FH-
fibroblasts and the activity of the enzyme was finally decreased, the two scientists applied the
method of agreement to test the hypothesis that there is a genetic defect impeding the feedback
down-regulation of the enzyme in question by cholesterol. If such a genetic defect had been in
place, they reasoned, it should have manifested itself across different situations, including the
situation in which cholesterol is directly adsorbed into the cell, in a quasi-soluble emulsion with
ethanol and albumin-containing solutions.

Furthermore, the reliability of the sources of evidence was obviously taken into account in the
respective explanatory inference. To put it simply, the two scientists would not have used unreliable
evidence, and their findings would not have been accepted had they based their experiments on
unreliable materials or methods. They used the cell culture technique, which had been in place, with
encouraging results, for almost two decades. Given the impossibility of working on human liver
cells, they turned to skin fibroblasts. Among the reasons for choosing skin fibroblasts was the fact
that the patients under study were suffering from a homozygous genetic disorder, and several
metabolic diseases (such as galactosemia and the Lesch-Nyhan syndrome) with a similar
homozygous genetic background had been elucidated by working with skin fibroblasts. Doubtless,
numerous other reliability conditions were involved in the laboratory research, conditions specific
for this branch of biological and medical science, and which could not be (easily) captured by some
sort of algorithm or context free protocol. We need not worry here about how precisely they
assessed the reliability of evidence. As mentioned in the previous section, taking into account the
quality of evidence when inferring causes or drawing best explanations, on the one hand, and
providing reasons why a certain source of evidence is reliable or not, on the other hand, are distinct
issues, to which I will look in the next chapter.

Summing up, in the discovery of the LDL receptor, there were two candidate hypotheses to

explain the production of cholesterol in FH patients:
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(1) The high production of cholesterol (in patients with familial hypercholesterolemia (FH) is due to a gene defect (in
the gene encoding HMG CoA reductase) that makes cells resistant to feedback regulation by LDL cholesterol (morte
precisely, that renders the HMG CoA reductase resistant to feedback regulation by LDIL-derived cholesterol).

(2) The high production of cholesterol (in patients with familial hypercholesterolemia (FH) is due to the lack of a
receptor (for the LDL cholesterol) that makes cells resistant to feedback regulation for the reason that LDL cholesterol
cannot get into the cells.

Hypothesis (1) was dismissed, as it did not pass the test of Mill’s method of agreement and
method of difference, and hypothesis (2) was accepted in an explanatory inferential process that also
took into account the reliability of evidence, and which was further confirmed by the cloning of the
receptof.

Such examples show convincingly how IBE proceeds to confirmation by eliminating
alternative hypotheses in laboratory research, on a microstructural level. Nevertheless, there are

more extensive uses of IBE to which I turn in the next chapter.

Conclusion chapter 1

In this chapter I have laid down the main features of IBE and have described its use as a
theory of confirmation, providing examples from medical mechanistic research. This chapter has
provided the necessary background that will allow us to make the transition in chapter 2 towards the
theory of the quality or weight of evidence by elaborating upon the employment of IBE in

testimony.
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Chapter2. IBE and the quality or weight of evidence

Introduction

I have presented in the first chapter the use of IBE as a guide to confirmation for certain
cases of mechanistic medical research. There are, however, more uses of IBE. More precisely, IBE
can be used as an epistemological theory of testimony and, importantly, as a means of categorising
and justifying the sources of evidence. In short, beside the use as a theory of confirmation, IBE can
be employed as an epistemological theory for the guality or weight of evidence. Important traces of
this use can be found in Lipton’s inevitably rich and inspiring treatment of IBE, more precisely in
his d