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SUMMARY

In the late 1990s and early 2000s “The New Mechanistic Philosophy” emerged as a
framework for thinking about numerous traditional issues in philosophy of science, but first
and foremost, it offered a new account of scientific explanation. The mechanistic account of
explanation asserts that the majority of explanations in biological and biomedical sciences are
descriptions of biological mechanisms: phenomena are explained by constructing and
providing models of mechanisms that are supposed to be causally or constitutively responsible
for them. On the other hand, mechanistic reasoning — the mechanistic model of prediction —
assumes that knowledge about the inner constitution of mechanisms allows for making
predictions about the outcomes of interventions into mechanisms. Within the Evidence-Based
Medicine movement in contemporary medicine, however, predictive inferences based on
mechanistic evidence (mechanistic reasoning), are considered as low-quality and unreliable
evidence. Such a stance on mechanistic evidence and mechanistic reasoning goes against the
arguments proposed by mechanistic philosophers over the past 20 years. This dissertation
provides a comprehensive discussion on the mechanistic approach to explanation and
prediction in order to solve the problem of the unreliability of mechanistic evidence for making
prediction claims about the outcomes of medical interventions. Throughout this dissertation |
assess three general aspects of the relation between the mechanistic approach to explanation
and prediction and contemporary medical science and practice. First, | discuss what makes the
mechanistic approach for assessing causal claims in medicine distinct from the epidemiological
approach (favored by the Evidence-Based Medicine framework). Second, | discuss the
ontological, epistemological, and methodological theses of “The New Mechanistic
Philosophy” from the perspective of medical science and practice. Third, I discuss what
mechanistic reasoning amounts to and why it so often fails to provide true predictions. Finally,
| offer my account of mechanistic reasoning in medicine and criteria for assessing the quality

of mechanistic predictions of the outcomes of medical interventions.

Key words: disease causation, mechanistic explanation, mechanistic reasoning, prediction,

Evidence-Based Medicine, evidence, medical interventions, dysfunctions.



PROSIRENI SAZETAK

Suvremena medicinska znanost i1 praksa velikim je dijelom obiljeZena evidencijskim
okvirom tzv. medicine temeljene na dokazima (eng. Evidence-Based Medicine). Unutar tog
okvira, preferiraju se one tvrdnje o povezanosti rizicnih faktora s odredenim bolestima,
ishodima medicinskih intervencija te prognosticke i dijagnosticke tvrdnje koje su temeljene na
dokazima dobivenim iz epidemioloSkih studija (randomizirane kontrolirane studije,
istrazivanja kohorte te istrazivanja parova). Dokazi dobiveni iz tih studija odnose se na
statisticke pojmove poput omjera rizika (eng. risk ratio), omjera izgleda (eng. odds ratio) i
pripisivog rizika (eng. attributable risk) te opisuju korelacije izmedu varijabla na populacijskoj
razini. S druge strane, unutar filozofije znanosti Nova mehanicisti¢ka filozofija u zadnjih se 20
godina nametnula kao dominantan okvir znanstvenog objaSnjenja i metodologije u bioloSkim
1 biomedicinskim znanostima. Glavna tvrdnja Nove mehanicistiCke filozofije jest da su
znanstvena objaSnjenja u bioloskim i biomedicinskim znanostima uglavnom strukturirana kao
modeli ili opisi bioloSkih mehanizama koji povezuju odredeni uzrok s posljedicom. Nadalje,
vec¢ina mehanicistickih filozofa prihva¢a znanstveni realizam u pogledu tih modela
mehanizama: dobri modeli mehanizama opisuju stvarne ontoloske strukture. Stoga, prema
argumentima mehanicistickih filozofa znanstveno objaSnjenje vecine bioloskih fenomena
prihvatljivo je ukoliko je otkriven i detaljno opisan mehanizam koji uzrokuje fenomen.
Takoder, pretpostavlja se da znanje o dijelovima mehanizama i njihovim medusobnim
uzro¢nim i drugim organizacijskim odnosima omogucuje to¢na predvidanja ishoda intervencija

u mehanizme.

Nova mehanicisticka filozofija 1 medicina temeljena na dokazima nude dva vrlo
razli¢ita poimanja dokaza potrebnih za iskazivanje mnogobrojnih uzro¢nih tvrdnji u medicini,
posebice tvrdnje o ishodima medicinskih intervencija. Cilj ove disertacije je identificirati i
razrijeSiti standardne probleme unutar ontoloSkih 1 epistemoloskih argumenata Nove
mehanicisticke filozofije poput odnosa izmedu ontoloskih mehanizama i modela mehanizama,
kriterija dobrog mehanicistickog objaSnjena 1 strukture mehanicistickog predvidanja te
ponuditi odgovore na pitanja odnosa mehanicisticke filozofije i medicinske znanosti i prakse
poput objasnjenja bolesti unutar mehanicistickog okvira, identifikacije razloga ucestalog
neuspjeha mehanicistickog predvidanja ishoda medicinskih intervencija te formuliranja
kriterija dobrog mehanicisti¢kog predvidanja ishoda medicinskih intervencija. Takoder, u ovoj
disertaciji razmatram i neke do sada neobradene teme odnosa mehanicisticke filozofije i

medicinske prakse poput pitanja mehanicistickog pristupa dijagnozi i dijagnostickim



tvrdnjama. 1z navedenih razloga, ova disertacija predstavlja prvi sveobuhvatni prikaz odnosa

izmedu Nove mehanicisticke filozofije te suvremene medicinske znanosti i prakse.

Kljuéne rijefi: uzrokovanje bolesti, mehanicisticko objasSnjenje, predvidanje, medicina

temeljena na dokazima, znanstveni dokazi, medicinske intervencije, disfunkcije
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INTRODUCTION

Medicine is both a science and a practice. Whether medical scientists and clinicians
seek to explain, predict, or intervene into phenomena, all scientific and practical labor in
medicine, in the end, aims to contribute in one way or another to the overall health of individual
patients and populations. A commonsensical assumption would have it then that this end cannot
be achieved without knowing the causal relations that either maintain normal physiological
functions or underlie the onset and progress of diseases. That is, it seems reasonable to presume
that if one knows how certain diseases are caused and what kind of processes and mechanisms
are involved in their progress, then one should be able to know how to prevent or cure diseases.

Hence, knowing the causes of diseases occupies a central place in both theoretical and
clinical aspect of medicine. Theoretical medicine is what students learn when they first enter
medical schools. It constitutes the body of knowledge about normal and abnormal bodily
conditions, genetic influences, physiological processes, and all of the known biological, social,
and psychological factors that influence our physiological and psychological well-being.
Theoretical medicine is concerned with ascertaining the causes, correlations and constitutive
aspects of our health conditions, illnesses, diseases, and physiological processes. It is
concerned with general causal claims and type-explanations (such as that tuberculosis is caused
by a specific bacterium called Mycobacterium tuberculosis or that obesity presents a major risk
condition for different cardiovascular diseases) rather than singular causal claims and token-
explanations (such as how did Smith’s sepsis come about). Numerous scientists working in
different fields of the health sciences, from epidemiology to microbiology, contribute to this
research. Concerning causes of diseases, then, the product of this diverse scientific research is
systematized into networks of causal pathways that lead to a specific disease. Clinical
medicine, on the other hand, is what practitioners are faced with in their daily practice. It is
concerned with diagnosis and treatment of individual patients by their doctors. Of course, it is
based on theoretical medicine, but it has its own procedures, methodologies, epistemologies,

inferences, and ethical considerations.

Whether we are talking about medical science or practice, theoretical or clinical
medicine, improving positive patient-relevant outcomes is achieved either by intervention, in
terms of treatment or cure, or by prevention. Both prevention and intervention are grounded in
knowledge about the causes underlying diseases or normal bodily functions. If smoking causes

lung cancer, then refraining from smoking eliminates at least one type of causal process that



leads to lung cancer. Similarly, knowing the actual causal processes that result in cancerous
cells enables the formulation of possible medical interventions. Nevertheless, it is far from true
that knowledge of the cause or causes of a certain disease will in every case be sufficient to
devise treatments or preventions of that disease. That smoking is a cause of lung cancer was
already presumed in the 1920s, but the treatments available for patients with lung cancer were
limited. Similarly, we can have a fairly good understanding of the cause of some disease but
lack any means whatsoever to prevent it (such as for the celiac diseases or Down syndrome).

However, observe that prevention and intervention (as possible ways of achieving
positive patient-relevant outcomes) do not aim at the same type of causal processes or causal
pathways. That is, refraining from smoking and intervening into the mechanisms responsible
for the growth of lung cancer do not aim at the same causal processes or pathways. Therefore,
many philosophers and philosophically minded medical scientists distinguish between two
types of causal processes (or perhaps, as | will discuss, two types of causal explanations). The
first type is that of a typical causal history before the onset of a disease while the other type is
involved in the progress of a disease or in causal relations that are constitutive of a certain
disease. What does this amount to? In a nutshell, slippery stairs are one of the causes of broken
hips, but the mechanism of a fracturing hip bone does not include slippery stairs. Cigarette
smoke is one of the causes of high blood pressure, but it does not constitute the mechanism of
high blood pressure. This distinction of causal processes is often referred to as a distinction
between etiological and pathogenic processes (the latter sometimes also referred to as the
pathophysiological constitution of a disease, e.g., in Dammann 2020). That is, medical
scientists and practitioners differentiate between the mechanisms, processes, and causes that
lead to disease in the first place and the mechanisms, processes, and causes that obtain after the
onset of disease (the latter are constitutive of a disease and they bring about the signs and

symptoms of the disease).!

Before going further into the discussion, let us first define aforementioned notions of

etiology, physiology, pathology, pathophysiology, and pathogenesis.

! At this point, perhaps, these should be somewhat clarified. Signs and symptoms, as far as the medical
literature is concerned, are differentiated according to who is the observer. A sign is an objective and
measurable effect of a disease state measured by the clinician or scientist, while a symptom is a
subjective experience of a disease experienced by the diseased.
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| take that etiology refers to the exposure factors found to correlate with the onset of a
certain disease (e.g., smoking one pack of cigarettes daily for 20 years and lung cancer, or
obesity and different cardiovascular diseases) while pathogenesis refers to the biological,
chemical, and physical processes that lead to the onset of the disease (e.g., destruction of cilia,
accumulation of carcinogenic agents etc.). Although physiology is a term that everyone is
familiar with, a clear definition is helpful since two senses of the term are sometimes used
interchangeably (especially in the philosophy of medicine literature). In the APS Strategic Plan
of the American Physiological Society for 2006-2010 physiology is defined as “the study of
the function of organism as integrated systems of molecules, cells, tissues in health and
disease” (2006: 163). The popular website webmd.com defines physiology as “the study of
how the human body works. It describes the chemistry and physics behind basic body
functions, from how molecules behave in cells to how systems of organs work together”.? As
| noted, there is, however, a different sense in which physiology is sometimes used (especially
in philosophy in medicine). Physiology in this latter sense refers to the mechanisms themselves,
and not the particular field of study or branch of biomedicine and biology. If not stated
otherwise, | will use physiology in the latter sense since it is a convenient way to encompass

all the processes occurring in a human body that maintain homeostasis.

Also, I will sometimes use the terms pathology and pathophysiology interchangeably.
However, a distinction can be made so that these correspond to the study of abnormal
conditions (pathology) and the specific processes occurring due to these conditions
(pathophysiology). In this dissertation, | will take pathology to be the outcome of pathogenesis.
This refers to a certain physical state of an organism identified with having a certain disease
which give rise to specific symptoms and signs. This understanding of pathological states is in
part motivated by Ereshefsky’s (possibly eliminitavist) proposal that a certain physical state is
designated as a disease by adding normative values to it, that is, whether we value or disvalue
such a state (Ereshefsky 2009). For example, the pathogenic processes of erectile dysfunction
are various. Erectile dysfunction can be caused by age related processes of losing cavernosal
velocity and elasticity. Blood vessels can be damaged by insufficient blood sugar control due
to type 2 diabetes. These processes result in a distinct pathological state or states identified as
erectile dysfunction. The pathology of vascular erectile dysfunction may refer to the limited

blood flow in the corpus cavernosum during erection due to the failure of smooth muscle cell

2 https://www.webmd.com/a-to-z-guides/what-is-physiology
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relaxation and vasodilation because of the low levels of synthesized nitric oxide (NO). But it
can also refer to certain structural changes in the arterial and erectile tissue such as the increased
wall-to-lumen ratio in the arteries (De Tejada et al. 2005). These pathological states ground the
inability to achieve erection, and we disvalue the lack of erection for numerous reasons.
Therefore, a rather straightforward view is that pathology is a description of some biological,
chemical, or physical state of an organism that explains why and how some phenomenon occurs
or does not occur. In Ereshefsky’s view, one which I adopt here, pathology becomes a disease

when we add values to these states.

To illustrate how all this comes together, observe how Rizzi and Pedersen (1992) define

the “traditional” view of the causal chain of disease progress:

(a) the disease manifestations (symptoms, signs, etc.), which are due to (b) the disease
itself, which then again have their bearings from (c) a certain pathogenesis, all this

banked on (d) an etiology.
Rizzi and Pedersen 1992: 234

The idea that etiology and pathogenesis (and pathophysiology or pathology of a
disease) do not involve the same causal processes and that they require different kinds of causal
explanation is not a distinctive character of medicine and medical literature. Such claims are
present in arguments by a number of philosophers of science (e.g., Salmon 1998, Glennan
2002, while Dammann in his 2020 book represents both disciplines, himself being an

epidemiologist with a particular interest in philosophy of medicine and epidemiology).

But there is a difference between the views. Dammann’s definition also includes
pathogenesis and pathology as parts of etiology. In his view then, “the etiological process
includes exposure and outcome as beginning and endpoint, as well as the pathogenetic
mechanism(s) in between” (Damman 2020: 9). Such a view is perhaps held by the majority of
medical scientists. For example, Dammann’s view reflects the view stated in the well-known
epidemiology textbook from McMahon and Pugh: “The etiology of a disease may be thought
of as having a sequence consisting of two parts: (1) causal events occurring prior to some initial
bodily response, and (2) mechanisms within the body leading from the initial response to the

characteristic manifestations of the disease” (MacMahon and Pugh 1970: 26).



On the other hand, claims about different causal explanations coming from philosophy
suggest a slightly different view among philosophers. For example, Wesley Salmon writes: “In
many cases, | presume, causal explanations possess both etiological and constitutive aspects.
To explain the destruction of Hiroshima by a nuclear bomb, we need to explain the nature of a
chain reaction (constitutive aspect) and how the bomb was transported by airplane, dropped,
and detonated (etiological aspect)” (Salmon 1998: 324). Following this distinction, a historian
may give the informative etiological aspect of the explanation of the destruction of Hiroshima
but the constitutive aspect — the nuclear fission — is a task for a physicist.

As | hinted above, | embrace the view that etiology refers to the factors or events which
predate the onset of a disease while pathogenesis refers to the processes that lead from the onset
of a disease to the manifestation of its symptoms and signs. So, to use Salmon’s example, how
the bomb ended up above Hiroshima is a distinct causal process, one which usually does not
matter for the explanation of the causal processes constituting the chain reaction which
occurred in the sky above Hiroshima. To translate this into a medical example, smoking two to
three packs of cigarettes a day is in some cases an etiological cause of lung cancer. It explains
how such a high level of carcinogens ended up in patient’s lungs. On the other hand, the
knowledge of how the destruction of cilia — a hair-like tissue that cleans the lungs — allows for
these carcinogenic agents to accumulate and thus alter lung cells into cancer cells represents a
step in the discovery of one of the pathogenic or pathological mechanisms of lung cancer.
Whether a patient has contracted lung cancer by smoking two packs of cigarettes a day, a pipe,
or rolled tobacco is not necessarily of use to scientists working in medical biological (basic)
sciences when discovering molecular causal processes involved in the development of lung
cancer or to medical practitioners who need to diagnose lung cancer and subsequently
recommend the optimal treatment. Similarly, the claim that some proportion of lung cancer in
a population is highly correlated with smoking habits in that population will be important for
public health policy makers to predict the consequences for the prevalence of lung cancer if
the smoking habits of cigarette smokers are lowered to some considerable degree (due to the

implementation of a different public health policy).

In philosophy of medicine, a significant part of the discussion concerning causal
explanations of medical phenomena have centered around the idea that etiology and
pathogenesis are two different investigative strategies of causal inquiry in medicine. Each

strategy has its own specific domain of interest, disease causation framework, causal concepts,



and epistemological and methodological frameworks. Representing those widespread
sentiments, Damman argues that these two strategies require “two very different approaches

that are provided by two scientific fields, epidemiology and basic science” (Dammann 2020:

9).

Nonetheless, this distinction is not a characteristic of contemporary Western medicine
or philosophy of science. Differing views on the methodology of causal investigation in
medicine have been around since at least the times of Hippocrates and Gallen. In the literature
on the history of medicine these different approaches to disease causation are sometimes called
rationalistic and empiricist approaches (e.g., in Newton 2001 or Bluhm and Borgenson 2011).
This terminology, however, is not the same as the one between the different philosophical
views of acquiring knowledge. In the medical literature, the distinction is between two often
conflicting views of empirical inquiry of causal relations relevant for medical purposes and the
type of evidence for causation that one finds compelling. The rationalistic approach emphasizes
the importance of knowing the underlying physiological mechanisms that produce, influence,
or constitute certain disease. It has also been referred to as the mechanistic or biological
approach. On the other hand, the empiricist, difference-making, or simply epidemiological
approach, in its modern version, is strictly a quantitative science. It uses statistical and
mathematical methods to find correlations among variables and where causal relations are
inferred from different individual cases or by comparing the differences in outcomes between
populations. This approach is often presented (both as a praise and as a criticism) as a strategy

interested only in whether something works regardless of knowing why or how it works.

In contemporary philosophy of medicine these two approaches are usually referred to
as difference-making and mechanistic stances on disease causation. The predominant view in
the philosophical literature is that counterfactual and/or probabilistic causal framework is the
bedrock of the difference-making approach to causation. The correlations between values of
variables are gathered either by observational or experimental studies where scientists observe
and compare the outcomes of numerous similar cases. Clinical trials involving a potential new
drug or vaccine present a good example. For example, we want to know if aspirin cures
headaches. We give aspirin to patient X who has a headache. In some appropriate time, we
observe and find out that the patient’s headache vanishes (or that its intensity is significantly
lowered). We could know whether aspirin relieves headaches if we could always go back in

time and, in some considerable number of trials, have the same patient take or not take aspirin.



If in all or the majority of cases aspirin relieved the patient’s headache, then we could conclude
that aspirin cures headaches. But obviously, this cannot be achieved. So, we take a random
sample of individuals from a population (taken to be significantly similar in their properties
and indications) and provide them with aspirin. Even better, we split this sample of the
population into two groups, one being administrated with aspirin and the other being
administrated with a placebo, and then measure the headache-relief power of aspirin by
comparing the outcomes in each group. Observe that the units of inquiry of the difference-
making approach are populations. The conclusion that aspirin is the headache-relief factor is
claimed when we have a considerable number of cases at our disposal. One headache relieved
does not prove aspirin’s causal difference-making status. Epidemiological research and its
concepts, as will be developed in detail later, uses this difference-making account of causation.

Research in medical science has often begun after an observed regular association
between two variables of interest, that is, between some factors, such as chemical compounds
in the diet, specific physiological states, or behavioral patterns on the one hand and, on the
other hand, specific health outcomes, such as cancer, heart attack, elevated blood pressure, etc.
For example, John Snow’s careful inspections of numerous households in the 1850s in London
led him to pose a causal hypothesis connecting water pumps and the spreading of cholera. The
rise of cigarette smoking and prevalence of lung cancer led to a famous study on the smoking
habits of British doctors beginning in 1951, with the first reports about the observed correlation
published in 1976 by Doll and Peto. Numerous observations of correlations between diseases
and dietary, occupational, and similar factors were first made by life insurance companies; for

example, the correlation between obesity and cardiovascular diseases (Hu 2008).

Observations of different factors that in some way influence health, lead to diseases, or
are correlated with positive health outcomes were always present in medicine. In 19" century
Europe, particularly in France, such an approach was called the numerical method, and had
many advocates. Among these, Pierre-Charles Alexander Louis is probably the best-known.
His work had a major influence on medical practice on both sides of the Atlantic. The numerical
method advocated by Louis and some of his contemporaries consisted in collecting large
amounts of clinical data, making group comparisons, and thinking in terms of populations
rather than individuals (Morabia 2006). In other words, the numerical method exemplified the
empiricist approach to disease causation in medicine. It can be seen as a precursor to modern

epidemiological studies.



As mentioned previously, empiricist medicine was always a part of Western medicine,
but its methods were fairly simple. Early epidemiological research (e.g., John Snow’s work on
the outbreak of cholera, Louis’ group comparisons) lacked the sophisticated statistical tools
and rigid methodology that are so characteristic of contemporary epidemiology. In this sense,
the widespread appeal of empiricist medicine could not be achieved without a significant
progress in statistics and probability theory. Although the rise of a contemporary version of
empiricist medicine came swiftly, its epistemology and methodology developed slowly over
the 20" century. Statistical and probabilistic sciences started to develop rapidly in the 20"
century, but it took some time for them to enter medicine. Nonetheless, the numerical approach,
group comparisons, and population thinking always lurked somewhere in the shadows of the
medical mainstream and were advocated by a minority. Of these advocates, the most prominent
names in the rise of epidemiology, clinical epidemiology, and the epidemiological approach in
medicine in general were Ronald Fisher, A.B. Hill, and Archie Cochrane.

EPIDEMIOLOGY

What is epidemiology? Epidemiology is a scientific discipline full of conceptual,
epistemological, and methodological issues which has only recently caught the attention of
philosophers of science. What separates epidemiology from other fields of medicine? A
frequently cited definition, which goes back to the 1970s and the aforementioned textbook by
MacMahon and Pugh, defines epidemiology as the “study of the distribution and determinants
of disease frequency in human populations” (Rothman, Greenland and Lash 2008: 32). It is a
scientific discipline that lies at the intersection of several different sciences. Since it is
concerned with the prevalence of disease and health outcomes in populations it is a major and
important part of medicine — both theoretical and clinical. But epidemiology shares a lot of its
methodology with sociology and economics. The units of inquiry of epidemiological studies,
as can be seen in the definition above, are populations and the individuals composing

populations.® Philosopher Alex Broadbent defines epidemiology in a very similar fashion but

® This does not necessarily mean that epidemiologists take populations as some kind of emergent
entities, not reducible to mere aggregates of individuals. Although epidemiological research is
concerned with populations, these can be understood as aggregates of individuals and the health of a
population as the mean health of the individuals comprising the population. However, see Rose (1992)
and (2001) for arguments in favor of the population stance rather than individual stance in
epidemiological research.



he adds a methodological point into his definition. He defines epidemiology as the study of the
distribution and determinants of diseases and health conditions of human populations by
“means of group comparisons for the purpose of improving population health” (Broadbent
2013: 1). Most if not all epidemiological notions (e.g., risk ratios, odds ratios, relative risks
etc.) are defined by comparisons between populations. In other words, epidemiological
research does not aim to answer how a particular patient X developed high blood pressure but
rather what are the factors correlated with chronic high blood pressure in some population
under study. Epidemiological methods are then best described as methods of observation and

classification or quantification and comparison.

Since the end of the Second World War, epidemiological studies have largely been
concentrated on observing regularities and collecting statistical data in order to identify
numerous risk factors found to correlate with certain health outcomes or diseases. That is, it
comprises methods of observing how two variables of interest “move together” or of observing
the ways that changes in the values of one variable are followed by changes in the value of

another variable.

Intervention/

Black box

Outcome

exposure factor

Figure 1. The black box approach to causation.

This empiricist approach — sometimes called the black box approach — does not claim
that knowledge of the underlying biological or chemical mechanisms is unimportant. However,
its proponents argue that epidemiological causal research should ignore that level of disease
causation and only search for associations between variables. Therefore, correlations or
associations “taken as ends in themselves” defined epidemiology as a scientific discipline from
its very beginning (Kincaid 2011: 77). The black box approach, as some of its proponents have
claimed (Peto 1984, Savitz 1994), proved to be very efficient in identifying cause-effect

relationships in medicine (although epidemiologists have often avoided the explicit use of



causal terminology in their reports). Classical epidemiological methods of observational
studies (cohort studies, case-control studies) found causal relationships decades before the
underlying biological or chemical mechanisms were known (consider, for example, the cases
of water pumps and cholera, smoking and lung cancer, or obesity and cardiovascular diseases).
It is indisputable that we can know about a certain causal relation without knowing the exact
mechanisms or processes underlying it. Furthermore, the black box proponents often claim that
the urgency of medical situations allows us to ignore investigations into the underlying

mechanism and ground medical interventions solely on the evidence of statistical associations.

MECHANISMS

The mechanistic stance, on the other hand, as I will use the term, stands for a completely
different approach discerning causal relationships in medicine. It refers to research at the level
of medicine’s basic sciences: pathology, immunology, microbiology etc. By epidemiological
population studies we have come to know that aspirin relieves headaches, but these studies
remain silent on how aspirin does that — the black box remains black. What is it in aspirin and
what exactly is the physiological target that makes aspirin an effective intervention? The
population approach does not even aim at answering these kinds of questions. Therefore, the
mechanistic stance or approach tries to open the black box and understand the processes,
mechanisms, and causes by which a specific intervention or exposure factor is causally
connected to the outcome. Hence, the mechanistic approach is often understood as “looking
under the hood” approach. That is, it is concerned with explaining the correlations of the
difference-making approach by discovering underlying causal processes that connect the
administration of aspirin and the relief of headache. In that regard, it is often claimed that the
mechanistic stance takes a rather different philosophical approach to causation and explanation,
usually understood as a mechanical or productive account of causation: the activities and
productive relations between numerous entities producing the effect or phenomenon are
dependent on their properties and the features of their causal, spatial, and temporal

organizations.

In the last 20 years mechanistic philosophy has gained much recognition in the
philosophy of science. The rationalistic or mechanistic stance towards causal relations in

medicine reflects the ideas of the modern-day mechanistic philosophers. It asserts that the
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knowledge of causal mechanisms that are actually (and not plausibly or possibly) responsible
for the phenomena of scientific interest provides epistemic grounds for achieving the different
goals of medical science and practice, such as explanation or prediction (e.g., Machamer et al.
2000, Bechtel and Abrahamsen 2005, Craver 2007a), and making, evaluating, generalizing,
and extrapolating causal hypotheses (e.g., Cartwright 2007, La Caze 2011, Clarke et al. 2013,
Parkkinen et al. 2018). We should expect then that the inquiry into physiological, pathological,
and pathophysiological mechanisms, and the subsequent use of the resulting knowledge for
medical interventions and preventions is prominently involved in the satisfaction of different
epistemic and action-oriented goals of medicine; for example, among others, claims involving
the causes of diseases, pathophysiological mechanisms, claims about treatment procedures,
assessments of efficacy and efficiency of drugs, and grounds for implementing health policies.

This is not just a trivial assertion. Rather, it has important epistemological
consequences. It means that only knowledge of the productive steps of an actual mechanism
connecting the exposure and outcome variables warrants a causal claim in medicine. Let me
then refer to the evidence of underlying physiological, pathological, and pathophysiological
mechanisms as the evidence of mechanisms. As mentioned, mechanisms in medicine should
not only serve an explanatory purpose. We want to know what we can do with the knowledge
of mechanisms in order to treat patients — we want to predict medical phenomena. Let us call
this the evidence from mechanisms.* Having this second type of evidence implies that once the
mechanism underlying the relation between exposure and disease (e.g., hypertension and heart
failure) is known or established, it can (but does not need to) become evidence that a different
causal relation will obtain under different circumstances — a certain counterfactual claim. It
means that possessing a full (or partial) description of a mechanism establishes grounds for
making claims about possible targets of interventions or predictions about the efficacy of these
interventions. Possessing evidence from mechanisms means that we are in a position to infer
from, for example, the evidence that high blood pressure causes different cardiovascular
diseases to the claim that some specific treatment will stop or inhibit the effects of high blood
pressure. In the philosophy of medicine inference from knowledge of mechanisms to means of
interventions is often called mechanistic reasoning (e.g., Howick 2011a, Howick 2011b,
Howick et al. 2010 Howick et al. 2013, Jerkert 2015, Solomon 2015). In the medical literature,

* 1 borrow this terminology from Jeffrey Aronson (2020).
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however, such an inference is referred to as pathophysiological rationale (e.g., Guyatt et al.
1992, Montori and Guyatt 2008, Straus et al. 2018).

Discussions of contemporary mechanistic philosophy have predominantly been
concerned with the explication of mechanistic explanation in molecular biology or
neuroscience. Surprisingly, it is rather recently that mechanistic philosophers have turned their
attention to mechanisms in medical sciences and the role of mechanistic knowledge in both
theoretical and clinical medicine. Concerning the role of mechanisms in medicine, however,
the discussion has primarily been concerned with the utility and scope of mechanistic
knowledge of biomedical phenomena. Some of the often-discussed issues concerning the use
of mechanistic knowledge in medicine include (i) the role of evidence of biological
mechanisms in making causal claims of disease causation (e.g., Russo and Williamson 2007);
(ii) the use of mechanistic knowledge in drug design, interpretation of experimental evidence,
and extrapolation of evidence from experimental and observational studies (e.g., Steel 2008,
La Caze 2011, Howick et al. 2013); (iii) predictions of outcomes of medical interventions based
on the knowledge of underlying physiological, pathological, and pathophysiological
mechanisms (e.g., Howick 2011a, Howick 2011b, Andersen 2012). Considering how important
(iii) is in medical practice, there is no wonder that the discussion on this issue has been
particularly vibrant and the most widespread in the literature. For example, clinicians working
in intensive care units with patients who have coronavirus induced acute respiratory distress
syndrome (ARDS) are faced with the question of outcomes of treating patients with ARDS by
inhalation of nitric oxide (iNO). Similarly, researchers inquire about the mortality rate ratio
between patients with ARDS who have been treated by iNO, and patients with ARDS who
were treated by some other medical intervention. So, how useful is the knowledge of
mechanisms involved in coronavirus induced ARDS in such cases? More importantly, can it

be trusted? Can it yield accurate predictions?

This dissertation discusses both aspects of mechanistic knowledge in medicine
(evidence of mechanisms and evidence from mechanisms). That is, | discuss what it means to
give a mechanistic explanation of medical phenomena on one hand, and a prediction claim
based on the knowledge of mechanisms on the other hand. Hence, each of the three chapters
of this dissertation is concerned with a different aspect of the mechanistic stance in medicine.
First, 1 discuss and define what makes the mechanistic approach different from the

epidemiological or difference-making approach (from the epistemic, methodological, and
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metaphysical point of view). In the second chapter, I discuss mechanistic philosophy’s main or
core claims, and provide my account of its metaphysical, epistemic, and methodological
positions in the context of medical science and practice. Finally, in the last chapter | provide
my analysis of mechanistic reasoning. | analyze reasons for its recurrent failure to give true
prediction claims and discuss the structure of a good prediction claim based on the knowledge

of mechanismes.
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1. DISEASES, MECHANISMS, AND DIFFERENCE-MAKERS

Abstract

In this chapter | first present how the concept of disease causation has changed over
time and how the focus of scientific research on different diseases has influenced our
understanding of disease causation. Next, | discuss how the rationalistic and empiricist
approaches are exemplified in the mechanistic and epidemiological approaches to diseases
causation in contemporary medical science and philosophy of science. | analyze and discuss
the main features of both approaches. I conclude that these approaches are concerned with
causal explanations of processes occurring on different levels — the population level and the
intra-individual level. Consequently, they require different kinds of evidence and evidence-

gathering methods.

14



1.1. The multicausality of diseases in the early to mid-19'" century

Only in medicine are there causes that have hundreds of consequences or that can, on
arbitrary occasions, remain entirely without effect. Only in medicine can the same
effect flow from the most varied possible sources. One need only glance at the chapters
on etiology in handbooks or monographs. For almost every disease, after a specific
cause or the admission that such a cause is not yet known, one finds the same horde otf
harmful influences—poor housing and clothing, liquor and sex, hunger and anxiety.
This is just as scientific as if a physicist were to teach that bodies fall because boards
or beams are removed, because ropes or cables break, or because of openings, and so
forth.

Henle, 1844; quoted in Carter, 2017, p. 24

In the passage quoted above, the famous German physician Jakob Henle expressed
concerns which were shared by many of his contemporaries. Three features of mid-19" century
medical science and practice can be extracted from this quote. First, since the mainstream view
of the time asserted that numerous causes can equally contribute to the onset of any disease,
reporting cases and making lists of all the known factors which have been observed to predate
the occurrence of a specific disease constituted much of the work of medical science and
practice. Second, Henle observes that there are no ontological constraints on what types or
kinds of things are causes of diseases. The same disease can be caused by a certain behavior,
drug, or food. Third, Henle claims that if medicine cannot explain why different things can
cause a disease in one instance but in a different instance cause another disease, then medicine
cannot be a science in the same way that physics is. That is, to be scientific, medicine needs a

theory of disease causation.

At that time (the 18" century and early to mid-19" century), medical scientists and
practitioners acknowledged several theories of diseases causation. The miasma theory (coming
from the Greek word for pollution) proposed that diseases were caused by bad air — air polluted
by emanations from rotting organic materials in the area. The humoral theory, on the other
hand, identified diseases as imbalances between four humors in the human body: black bile,
yellow bile, blood, and phlegm. To explain diseases, medical practitioners and scientists used
concepts from one or the other theory. Nonetheless, it was not that uncommon to provide a
causal explanation of some disease by incorporating elements from different theories of

disease.
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As mentioned, physicians often could not do anything else than make a report or give
a list of purported causes for each disease. Ipso facto, the same cause could result in a different
effect, that is, a different disease. Consequently, none of the reported and observed causes of
some disease or state was thought of as being either necessary or sufficient cause of a disease.
Since almost anything could cause anything, there could not be a consensus on how to achieve
reliable or effective criteria for inferring causal relationships. So, for example, there were cases
where a claim supported the miasma theory but not the humoral theory. Having a consensus
on how to investigate causation by implementing causal criteria would have allowed medical
hypotheses to undergo scientific scrutiny. This, to Henle's despair, was still absent in the pre-
mid-19" century medicine. How, then, did physicians and scientists classify, characterize, and

define diseases?

Causes of diseases, as scientists and medical practitioners in the 19" century usually
claimed, were either proximate or remote. The proximate cause was primarily identified with
a certain lesion or an “anatomical abnormality” (Carter 2017: 12). The primary source of
knowledge of the proximate causes came from autopsies. Pathologists observed certain
“morbid alterations” in & human body which they regarded as “the causes” of diseases (ibid).
Remote causes “were factors normally external to the patient that explained the onset of
disease” (Carter 2017: 13). They were further distinguished into predisposing or exciting
causes. The knowledge of the remote causes was gathered mostly through observations and
reports of individual patients or by patients’ testimonies. The predisposing causes “were
involved to cover characteristics of the individual’s life or heredity that might render him or
her unusually liable to a given disease” (Pelling 1997: 312). That is, predisposing causes were
thought to make people more vulnerable to an exciting cause, which would trigger the onset of
disease. Predisposing causes “render the body liable to become the prey of something, which
has a tendency to excite the disease” (Elliotson, 1844, quoted in Carter 2017: 14). Sometimes,
a predisposing cause was declared ineffective at bringing about a disease on its own. For the
onset of the disease, it was presumed, there had to be an exciting factor which operated as a
trigger. Exciting causes, therefore, were usually events that brought about some kind of mental
or physical stress to a person (for example, wounds, inflammations, anxiety etc.). Predisposing
causes involved a number of different behaviors, state of affairs, or properties, ranging from
atmospheric pressure, geographical location, and climate to diet and unhealthy daily habits.

Interestingly, both predisposing and exciting causes involved a lot of behavior that were seen
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as deviations from the moral, religious, or social norms of the day. A lack of daily prayer was

frequently identified as a predisposing cause.

As noted, since each disease could come about due to numerous different causes and
each cause could result in numerous diseases, there was no consensus on the methodology for
classification and definition of diseases other than by their symptoms. This is nicely depicted
in the following example by K. Codell Carter: “hydrophobia was defined in terms of one
prominent symptom: an extreme inability to swallow” (Carter 2017: 18). Considering the
methodology of causal inference and the multiple theoretical frameworks of disease causation,
diseases such as hydrophobia could not have been defined in a different manner. One physician
could claim that the cause of hydrophobia is a physical alteration in the throat region while
another could claim that it was due to some psychological trauma. The problem for 19" century
medicine is that both physicians could be right. There was no point in undertaking research to
associate any disease with a particular and universal cause. Carter sums this up nicely: “As
long as diseases were defined in terms of symptoms, different episodes of any one disease
simply did not share a common necessary cause. And no research, however brilliant, can find
what isn’t there” (Carter 2017: 36). Since the same disease could have been caused by a variety
of completely different causes, it was an equally hard challenge to think of and implement
successful and, more importantly, universal treatments. A treatment that would potentially
work by eliminating one cause of a disease would be futile in treating the same disease when
it had a completely different cause. Whether the hydrophobia of a particular patient was caused
by a physical or psychological trauma would seem to be irrelevant. In that case, practitioners

had no choice but to intervene into the symptoms of a disease rather than into its causes.

1.2. Infectious diseases, Koch's postulates, and the monocausal framework

Until the 20" century infectious diseases were the number one cause of death in both
hemispheres. The impact of infectious diseases on human societies cannot be understated. The
devastating consequences of infectious diseases were not reflected only in demographics; the
economic and cultural consequences of epidemics such as bubonic plague or Spanish flu were
immense. The consequences of several bubonic plague epidemics shaped the history of Europe
and formed a lot of its folklore. By the mid-19" century diseases such as rabies, anthrax,

cholera, and tuberculosis were still considered as the most dangerous threat to the overall health
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status of human populations in every part of the world. Robert Koch, a famous German
microbiologist, wrote in 1882: “Statistics show that one-seventh of all human beings die of
tuberculosis, and that if one considers only the productive middle-age groups, tuberculosis
carries away one-third and often more” (quoted in Carter 1987: 83). It should not be surprising
then that infectious diseases were the focus of research in the medical and biological sciences
of the 19™ century. The interest in the causes of infectious diseases led to enormous
breakthroughs in microbiology, technology, methodology of scientific research, and the

formulation of new public health policies and their implementation.

By the beginning of the second half of the 19" century, the most important theoretical
change in medicine was the acknowledgement of two general principles of the nature of disease
causation by the medical mainstream: the doctrine of specific etiology and the germ theory of
disease. The doctrine of specific etiology required that every disease have a specific cause
rather than a whole collection or set of causes while the germ theory claimed that the causes of
diseases are microscopic living organisms, alien to their host — germs. Therefore, the main goal
of biomedical research was to show that for every specific infectious disease there was a
specific and scientifically discernable microscopic causative agent. Famous figures such as
Jakob Henle, Louis Pasteur, and Edward Klebs were some of the most influential scientists of
that era. However, the history of medicine in the late 19" century cannot be written without
mentioning the influential work of Robert Koch on the causes of anthrax and tuberculosis. By
accepting both principles of disease causation Koch introduced to scientific medicine his

postulates — often regarded as the first criteria for the assessment of disease causation.

Koch's postulates were intended as a series of methodological steps which, when
implemented, would satisfy the goal of proving that a specific bacterium (e.g., Bacillus
anthracis or Mycobacterium tuberculosis) is the cause of a specific disease (e.g., anthrax or
tuberculosis). Interestingly enough, Koch never explicitly listed or named any of his postulates
in the form of a definitive list. They are interpreted as such in the secondary literature. For this
reason, the number of postulates usually ranges from three to five. Nevertheless, all
interpretations agree on the core ideas of the postulates or their rationale. The postulates require
the use of both observational and experimental method in a way very similar to the Mill's
famous methods of causal inference (1843) — as both an observed and experimentally induced
invariable regularity. The postulates demanded that in order to prove that a certain microscopic

agent is indeed the cause of a disease (i) such an agent has to be observed in all cases of the
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disease, (ii) it has to be isolated from the infected body and grown in pure culture in order to
exclude any other potential biological material, and lastly (iii) it has to be transferred into
another body in order to produce the same infection with the same symptoms. Much of the
literature in philosophy of medicine (e.g., Broadbent 2009) and history of medicine (e.g., Carter
2017) asserts that Koch's postulates defined the cause of tuberculosis, and other infectious
diseases, as being universal (according to the doctrine of specific etiology), necessary, since it
is observed in all cases of the disease, and sufficient, but understood in a way that no case of
the disease can arise without such a cause.® The research on infectious diseases influenced a
conceptual shift in the classification of diseases. As a continuation of the scientific changes,
that were initiated by the famous episode of Ignaz Semmelweis’ work on the cause of the
puerperal fever which changed the very definition of that disease, Koch's breakthrough work
on tuberculosis changed the classification and definition of all infectious diseases. Vineis even
calls the resulting conceptual framework the ‘“Pasteur-Koch paradigm” because of its impact
on the understanding of diseases, disease causation, and the methodology needed to discover
their causes: “In the ‘Pasteur-Koch paradigm’ we find a clearly defined agent (usually a
bacterium, a parasite or a virus) which is used as the ‘unifying element’ of a constellation of
symptoms, i.e., the disease itself is largely defined and recognized on the basis of the agent”
(Vineis 2004: 341). Henceforth, science started defining and classifying infectious diseases by
their specific pathogens, which, in turn, were confirmed by Koch's postulates, and whose
distribution and presence explained the pathogenesis of the disease (see Evans 1993, Carter
2017).

[ PATHOGEN W ;( DISEASE 1 }
1
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2

Figure 2. The monocausal model of disease causation.

®> Ross and Woodward (2016), on the other hand, offer a different interpretation, along the lines of
Woodward’s interventionist theory of causation. | will present the main ideas of Woodward’s
interventionist theory of causation in section 1.4.2.
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Semmelweis could only propose that the purported cause of puerperal fever as “the
cadaveric material”. However, by following Koch’s postulates, scientists were able to specify
the pathogen and describe its causal influence. Of course, Koch was well aware that to bring
about tuberculosis in a specific individual, there would have to be a number of causes working
together. But, as Broadbent (2009) points out, the criteria were intended to prove that only one
of them had the properties of being both necessary and sufficient (given some general set of
circumstances) to cause tuberculosis. Yes, an impaired immune system is just one of the
conditions for the development of acute tuberculosis, however, the impaired immune system
is not a sufficient condition to cause acute tuberculosis. Since there will be only one cause,
which is both necessary and sufficient condition, such a disease causation framework is often
called the monocausal model of disease causation. In some way, Koch's postulates are still in
use today although they have been expanded and modified as criteria of disease causation to

accommodate virus infections, parasitic infestations, and diseases of deficiency.

1.3. Back to multicausality: chronic non-communicable diseases

The discovery of antibiotics, vaccines, and other medical treatments significantly
lowered the threat of infectious disease. In the 20" century the majority of population in the
Western hemisphere experienced a profound change of lifestyle. This change, as is often
emphasized, also resulted in a change of focus of medical science and practice. The attention
of medical science moved to rather different types of diseases. These diseases were related to
factors such as the sedentary lifestyle, changes in kinds of diet and dietary patterns, and other
environmental and behavioral factors (such as the increase in smoking habits in the general
population and stressful working and living environments). These kinds of diseases are not
infectious and their influence on the health status of individuals and populations is not
immediately noticeable. The onset of these diseases can take up to decades and, it seems, can
be caused by a variety of different factors. These diseases include different kinds of cancer,
diabetes, chronic lung disease, obesity, cardiovascular diseases, and hypertension — collectively

called chronic non-communicable diseases (hereafter CNCDs).

As infectious diseases had accounted for the majority of deaths in the Western world at
the time when Koch and his contemporaries were searching for their causes, in the second half

of the 20" century the prevalence of CNCDs in Western population was at such a high level
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that it was not unusual to view them as the modern-day epidemics. According to the WHO’s
Global status report on noncommunicable diseases 2014, in 2012 over two thirds of all deaths
globally were due to a CNCD. Furthermore, contrary to a popular view, CNCD prevalence has
decreased in high-income countries in the past two decades, while low-income and middle-
income countries have experienced a significant increase. In the same report, it is stated that
out of all global CNCD deaths, almost three quarters occurred in low- and middle-income
countries. According to a WHO country profile (2018), out of 52000 total deaths in Croatia in
2016, nearly 92% were attributable to CNCDs: 45% of all deaths were due to some
cardiovascular disease, 27% to some type of cancer, 4% were due to some respiratory disease,
4% to diabetes, and 13% to another CNCD. No wonder then that the focus of research in
biomedicine, epidemiology, and clinical epidemiology had changed from infectious diseases
to CNCDs since at least the 1950s.

The focus of scientific investigation of chronic disease causation led to theoretical and
methodological changes. Recall that the acceptance of the doctrine of specific etiology and the
germ theory of disease influenced scientists to think in terms of the monocausal model of
disease causation: for every infectious disease there is a corresponding pathogen which is
causally responsible for the onset of the disease. As stated in the previous section, a disease
then became identifiable according to its specific pathogen. On the other hand, the monocausal
framework of disease causation seemed not only a poorly suited framework to think about the

etiology of CNCDs but quite possibly completely wrong.

To illustrate the above claim, consider the example of high blood pressure —
hypertension. Normal blood pressure is of crucial importance to the healthy functioning of vital
organs such as the heart or kidneys and the consequences of long-term hypertension are
potentially devastating: e.g., stroke, myocardial infarction and heart failure, arrhythmias, and
renal impairment. There are two different kinds of hypertension — primary and secondary — and
they are differentiated by their different etiologies. Secondary hypertension is the condition of
elevated blood pressure due to known causes, with the most common of these being tumors
and some endocrine and kidney diseases. However, on average, secondary hypertension
includes only 5% of patients suffering from elevated blood pressure. Primary or essential
hypertension (hereafter EH), which makes up to 95% of all cases of hypertension, is defined
as an elevated blood pressure which is due to unknown causes. This means that there is a

collection of environmental and physiological factors (often working together) that, in some
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way or another, cause or present a risk factor for the development of EH. Such factors include
various unhealthy dietary behaviors, genetics, tobacco and alcohol intake, excess weight, or
lack of physical activity.

Although the definition of EH is rather simple, the etiology of EH (and of all other
CNCDs) is complex. The factors that figure in its etiology, just as much as the factors that
constitute its pathology, are numerous and vastly different from each other. There is no
equivalent of Mycobacterium tuberculosis for EH. For example, although tobacco and alcohol
intake generally increase the probability of suffering from hypertension, they will not cause it
in every individual. Similarly, many patients with coronary artery disease, heart failure, or
survivors of heart attack suffer from EH through some substantial period of their lives but not
all patients who had a heart attack suffered from EH nor do all who suffer from EH will have

a heart attack at some time in their lives.

There is still some chance we will find necessary and sufficient causes for all cancers
or for every instance of obesity and EH although as medical sciences progress this seems more
and more unlikely. The majority if not all medical scientists agree that CNCDs do not have
necessary and/or sufficient causes. The cause-effect relationships in all phenomena involving
CNCDs are complex and multifactorial, and, perhaps, most appropriately expressed as
counterfactual and probabilistic (Parascandola and Weed 2001). Not only has this led to
different epistemologies and methodologies of causal inference in medicine, but it has also
changed the definition and classification of diseases. Once again, the definitions of many
CNCDs are now usually constitutive (identifying the constitutive mechanisms of the disease

or their symptoms) rather than etiological.®

In her seminal and often quoted paper from (1994), Nancy Krieger argues that at least
since the 1960s epidemiologists have used the notion of a “web of causation” to express this
multi-causal framework where various causal pathways lead from factors of exposure to
diseases and where different “chains of causation” intersect and share some of their steps.

Krieger writes: “Expressly challenging the still-pervasive tendency of epidemiologists to think

® For example, consider obesity. In the latest WHO’s International Classification of Diseases (ICD-11)
it is “a chronic complex disease defined by excessive adiposity that can impair health. It is in most cases
a multifactorial disease due to obesogenic environments, psycho-social factors and genetic variants. In
a subgroup of patients, single major etiological factors can be identified (medications, diseases
immobilization, iatrogenic procedures, monogenic disease/genetic syndrome).”

22



in terms of single ‘agents’ causing discrete diseases, the provocative metaphor and model of
the ‘web’ invited epidemiologists to embrace a more sophisticated view of causality” (Krieger
1994: 890). The main contribution of the monocausal model of disease causation was a change
to the way we think of what diseases are and how to classify them. It worked to some extent
for infectious diseases and it can quite possibly still be a useful heuristic for thinking about
diseases with bacterial or viral etiology.” But even in infectious diseases, not all patients who
are diagnosed with an HIV infection will develop AIDS, nor will every patient who has
contracted Mycobacterium tuberculosis develop acute tuberculosis. Nevertheless, diseases
which are due to bacterial and viral infections always have their corresponding pathogen as a
necessary condition. You cannot have tuberculosis without getting infected with
Mycobacterium tuberculosis because tuberculosis is defined as a disease resulting from

infection with Mycobacterium tuberculosis.

At least since John Stuart Mill's work in his A System of Logic, Ratiocinative and
Inductive (1843) philosophical discussion on causation has been concerned with the idea that
every effect will most likely have numerous causes. Mill observed that “[flor every event there
exist some combination of objects or events, some given concurrence of circumstances,
positive and negative, the occurrence of which is always followed by that phenomenon” (Mill
1843: 237). Every case of causation will have background conditions that are indispensable for
the occurrence of the effect. An effect A will normally have a whole cluster of factors, let us
say B, C, D, E and F, that are essential for its occurrence as well as for the magnitude and
timing of its occurrence. What we identify as a cause is just one factor in a whole set of factors
necessary to bring about the effect. Infection with Mycobacterium tuberculosis is not by itself
sufficient to cause tuberculosis. Other conditions, such as an absence of an immune response
or antibiotic treatment, are also necessary for the onset of tuberculosis. The cause is the sum of
all these factors that contribute to getting tuberculosis. The cause of A, then, is not B, or C, or
D, but the conjunction of these factors, BCDEF. So, to be philosophically honest, there is no
primacy to any of the necessary factors. Mill concludes: "The cause, then, philosophically
speaking, is the sum total of the conditions, positive and negative taken together, the whole of
the contingencies of every description, which being realized, the consequent invariably

follows” (Mill 1843: 241). Only after all of the conditions are present, does the effect occur. It

" Think of COVID-19. It is a respiratory disease which shares multiple symptoms with other diseases,
yet it is specifically caused by SARS-COV-2. Whether or not a patient with such symptoms has
COVID-19 or some other disease is defined by the presence of infection by SARS-COV-2.
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would not be misplaced to state that one should also have lungs to suffer from tuberculosis in
the first place.®

Following and expanding the ideas of Mill, the philosopher J.L. Mackie in his paper
(1965) and later in a book (1974), and the epidemiologist Kenneth Rothman in his paper (1976)
have come to very similar (almost identical) conclusions about the notion of cause. Consider
Mackie's example of the fire caused by an electrical short-circuit (Mackie 1965: 245). The
electrical short-circuit is only one of the conditions that are needed for the fire (others could be
an inflammable material in the vicinity, presence of oxygen, absence of water sprinkles, etc.).
As in Mill's account, the cause of a fire in a house, P, is a conjunction of these conditions A, B
and C. However, Mackie notices that we can surely imagine numerous other conjunctions of
conditions (for example, DGH or JKL) in which the fire could have started: “It may well be
that P occurs only when at least one of these conjunctions has occurred soon before in the right
region. If so, all P are preceded by (ABC or DGH or JKL)” (Mackie 1980: 61). If the total cause
of the fire is this complete disjunction of conjunctions, in what way, then, do we (or the
firemen) acknowledge the electrical short-circuit as the cause of the fire? Mackie says that the
conjunction of conditions ABC was sufficient for the fire, but it was not necessary since the

fire could have started in some other way.

How does this apply to medicine? Causes of some CNCDs like EH will be numerous
and different. It seems a rather pointless attempt to list the whole conjunction of conditions
which are necessary for the consequent — EH — to invariably follow. Not all smokers will have
high blood pressure, yet many cases of high blood pressure can be linked with tobacco
smoking. There will be one set of conditions which will be sufficient to bring about the
condition of high blood pressure (e.g., ABC) yet, contrary to Mill, this set will not be necessary
since there will be another set equally sufficient (e.g., CEFG) but which will lack some or all
of the conditions present in the first set. Therefore, both smoking and genetic predispositions
can be considered as a cause of EH but are neither necessary nor sufficient for it. In cases where

smoking positively contributed to EH, smoking will be one of the factors in the whole set of

8 This leads to the problem of causal selection: why are we ready to accept that M. tuberculosis is the
cause of tuberculosis, but the presence of lungs is not? Similarly, why do we not recognize the presence
of oxygen as a cause of the lighting of the match? The problem of causal selection is an interesting one
and there is an enormous literature on it in philosophy and different scientific fields. For the clarity of
the dissertation, | will not engage in this discussion further. It should be noted, however, that
philosophers and philosophically-minded scientists are aware of the causal selection problem.

24



conditions which was sufficient to bring about this case of EH. What, then, is the causal status
of the electrical short-circuit in the case of a fire, or smoking in the onset of EH? For Mackie,
the full cause of the disease D is the disjunction of conjunctions (ABC or CEFG or JKL or ...)
and what we ordinarily consider a cause is actually only an INUS condition that is, an
Insufficient but Necessary part of an Unnecessary but Sufficient condition.

Completely unaware of Mackie’s work (to his confession), epidemiologist Kenneth
Rothman developed his version of the INUS framework to think about causes in medicine. In
addition to being a metaphysical analysis, his discussion on the notion of cause was intended
to have practical consequences too. Similar to Mackie and Mill’s claims about causation in the
sciences, Rothman claims that medicine has used the term cause only for specific conditions
which are insufficient to bring about a disease themselves. In the case of EH, a lack of exercise
is not by itself sufficient to cause high blood pressure. Nevertheless, when a lack of exercise is
combined with other conditions which are known to present serious risk in developing EH,
such as high intake of salty food and smoking tobacco, their full set can become sufficient for
EH. Furthermore, there can be several distinct sets of conditions which are together sufficient
(see Figure 3). This approach is useful for the health sciences since such sufficient sets have
the “restriction to the minimum number of required component causes; this implies that the
lack of any component cause renders the remaining component causes insufficient” (Rothman
1976: 591). This offers a rationale for medical interventions: an intervention can be performed
on just one of the component causes since it is presumed that removing or preventing the action
of one of the components will prevent the onset of the disease, at least through one of its

possible multiple causal mechanisms.
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A — unknown causes; B — smoking; C — genetics; D — lack of exercise; E — salty food; F —

excess weight; G — chronic kidney disease; H — stress; | — diabetes; J — old age.

Figure 3. Rothman’s causal pies for the case of hypertension.

Nonetheless, Rothman’s account says little about the methodology used to find or
discover each component.® Also, there might be case where we know a great number of factors
of some sufficient-condition constellation, yet where the effect does not occur. The sufficient
condition account then relies on the supposition that there are no hidden, unknown factors that
exert too much of an influence in the case. To account for the latter possibility, there has to be
a probabilistic reading of the causal influence of every component even though the
constellation of conditions, when completed, is a deterministic (i.e., sufficient) cause. Next,

sufficient-component models or pie-charts do not say anything about the time-sequence (a

° The most prominent frameworks for these particular types of questions and studies include, for
example, the potential outcomes approach and structural equations models. The notion of cause that
such frameworks use is counterfactual and/or probabilistic. The potential outcomes approach (e.g.,
Rubin 1974, Holland 1986, Hernan and Robins 2020) is close to the counterfactual understanding of
causation in philosophy (Lewis 1973, Woodward 2002, 2003). The literature on the apparatus for
probabilistic causation used in social sciences and epidemiology is immense (e.g., Pearl 2000). For
example, observe two definitions of causation in the epidemiological literature: “A causal association
is one in which a change in the frequency or quality of an exposure or characteristic results in a
corresponding change in the frequency of the disease or outcome of interest (Hennekens and Buring
1987:30)”, and “a cause of a disease occurrence is an event, condition, or characteristic that preceded
the disease onset and that, had the event, condition, or characteristic been different in a specified way,
the disease either would not have occurred at all or would not have occurred until some later time”
(Rothman, Greenland and Lash 2008: 6, emphasis added). The potential outcomes approach relies
heavily on randomized experiments which are now set as standards for causal inference in medicine,
but observational studies also follow its rationale. 1 will address randomized experiments and other
epidemiological studies as well as their philosophical background in section 1.4.2.
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component A can exert its influence for 20 years while B only for 5 years or months), or the
dose of the component and its contrast (for example, smoking 20 cigarettes a day rather than
10 cigarettes a day). The model, therefore, has to be extended to include a description of
contrast of index and reference conditions that defines each component cause (see Rothman et
al. 2008). In spite of these inadequacies, sufficient-condition model of disease causation helps
us to imagine what the links in Krieger’s web of causation stand for. In that regard, it has proven
to be a useful heuristic for depicting how different sets of conditions participate in the etiology

of a given disease by combining into various causal mechanisms.

An important consequence of this account in terms of doing research is that it does not
impose any ontological restriction on component causes. HIV virus will be a necessary
component in all of the disjuncts or constellations for HIV infection. However, in designing
constellations of conditions we can make a constellation where some of the disjuncts will be
types of behavior or one-off events such as unprotected sexual intercourse. On the other
occasions, disjuncts might include conditions such as the transfusion of infected blood.
Etiological causal explanations of HIV infection or EH in Rothman’s account evoke causes
which occupy different levels of a causal network (in Krieger’s terms) — from the molecular
mechanisms of viral replication after the HIV virion enters the body to frequent unprotected
sexual intercourses or the lack of appropriate screening of blood donors. Although 1 discuss
these issues in much more detail in the next section, it is worthwhile to mention a point here to
anticipate the reader’s possible concerns. Causal pathways in the web of causation for EH can
include different food patterns or lack of exercise (when these variables are properly defined
so that we can have means of their measurement — cf. Holland 1986) as well as different
molecular or genetic pathways. Both types of causal information are important, and neither can
replace the other. For example, it is important to know the molecular pathways by which HIV
attacks T-cells, but this type of information will not be useful to explain why the prevalence of
HIV infections in some region is on the rise over the last 10 years. The rise of HIV infections
might be explained more successfully for example, by lack of donor screening which, 1

presume, would not be an explanation that cites molecular pathways.

To conclude, Rothman's model of disease causation fits well in the multiple fields and
studies of medicine - knowledge about all the components that figure in some sufficient set of
conditions is incorporated from various studies: from statistical epidemiological studies to the

findings of basic medical sciences such as pathology, pathophysiology, or immunology. Here,
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it served the role of presenting how causal claims found in different fields of medicine use
different causal notions and causal concepts. Equally importantly, causal explanations of
diseases involve different causal relations on different levels — they talk about biochemical
pathways and physical traumas, and they talk about frequent unprotected sex or smoking. They
use both populational talk in discussing diseases and disease causes, and they talk about
particular events and their particular causes. Yet they all talk about the same thing — the causes

of diseases or the means and outcomes of treatments.

1.4. Two approaches to disease causation

Empiricist and rationalistic medicine represent the two dominant perspectives or
approaches to disease causation in Western medicine. Though their metaphysical,
epistemological, and methodological commitments have changed significantly over times, the
enduring characteristic of the debate is a difference in their views on the usefulness of the
knowledge of underlying biological causes. The rationalistic or biological approach and its
metaphysical, epistemological, and methodological commitments dominated both the
theoretical and practical aspects of Western medicine for most of the 20" century. Mechanistic
philosophy, on the other hand, experienced its revival only at the end of the century. Right at
the time when mechanistic philosophy started to enter the philosophical mainstream, a new

version of medical empiricism was on the rise.

In this and the following section I will discuss what these two approaches to disease
causation in modern medicine (at least since the second half of the last century) amount to.
They both aim to explain diseases and to discover causal relations leading to diseases or
constituting the pathology of a disease. Nevertheless, as will be argued later in the text, these
two frameworks aim at explaining diseases on different levels: the intra-individual versus the

population level.

Some medical scientists and practitioners would strongly disagree with my equation of
rationalism in medicine with biomedicine but henceforth I will use these terms interchangeably.
Why would such a usage of these terms be controversial or at least disputed by some? By the
term biomedicine some authors refer to contemporary Western medicine in general. These
authors contrast biomedicine with general medical frameworks of the past (with their own

metaphysical, epistemological, and methodological commitments) or with others that are
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supposed to be incommensurable to the science and practice of contemporary medicine in the
Western world. Examples of such medical frameworks would be Hippocrates’ medicine or
traditional Chinese medicine (for example, consider Sean Valles’ entry Philosophy of
Biomedicine in The Stanford Encyclopedia of Philosophy, Shapiro 2003, and Clarke and Russo
2018). Considering the difference between rationalism and empiricism in medicine, then, the
discussion would be strictly connected to the epistemology of causation in medicine. In that
regard, both frameworks are just different parts or aspects of biomedicine in general. However,
I will refer to rationalism in medicine as the biological, biomedical, or mechanistic approach
and empiricism in medicine as the epidemiological or statistical approach (that is, the
Evidence-Based Medicine framework, but more on that term later) for reasons to be discussed

below.

1.4.1. The biological or mechanistic approach

One of the key events in the rise of the biological approach in medicine was the so-
called Flexner report to the Carnegie Foundation by Abraham Flexner in 1910. Flexner, a
schoolteacher and an educational expert, toured Europe, Great Britain, and the United States,
and visited their medical schools.® He was invited by the Carnegie Foundation to write a report
on medical education in the United States (Duffy 2011). In it, Flexner advocated for a scientific
approach to medical education where scientific medicine was understood as mechanistic
science grounded in laboratory work. Medical education, according to Flexner, should consist
of medical theory (evidence gathered from the laboratory by in vivo and in vitro experiments)
and clinical practice where the theoretical medical knowledge would finally be tested and used.
This Flexnerian medical education influenced and changed the way medicine was taught on
both sides of the Atlantic. It brought structure to medical education to which most of today’s
medical schools still adhere to. Until the late 1990s practicing clinicians all over the world were
trained to ground their inferences in the diagnosis, prediction, and treatment of individual
patients on mechanistic biomedical knowledge (anatomy, physiology, pathophysiology,

immunology etc.) combined with their bedside experience.

19 Interestingly, Abraham Flexner majored at Johns Hopkins University in Greek and Latin and
philosophy.
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At least since Flexner’s report, the biomedical approach, exemplified by laboratory
sciences and the biological conception of disease and health, has been the predominant view
of disease, medicine, and medical education in the Western world. As such, it constitutes a
philosophical, theoretical, and methodological framework within which scientists define and
investigate human health and diseases and develop treatments. It sees medicine as an extension
of biology in practice, that is, as “nothing but applied biology”.!! Its first major breakaway
happened in the late 19" and early 20" century with the development of laboratory techniques
and methodologies and subsequent important medical discoveries such as the isolation of
insulin. It started with the germ theory, the doctrine of specific etiology, and the incredible
breakthroughs of biological sciences in the late 19" century, and continues all the way to this
day with, for example, precision medicine and genetic treatments.

Whether the biomedical framework constitutes a paradigm of medicine in the full
Kuhnian sense is definitely open to discussion. It is certainly conditioned by what we mean by
biomedicine. As mentioned previously, if biomedicine is Western medicine in general, with
both of its causal frameworks (biomedical, laboratory sciences and epidemiology), and if its
rival paradigms are non-Western medical frameworks, for example traditional Chinese
medicine, then, biomedical concepts do seem incommensurable with those of different
frameworks (paradigms). However, |1 am referring to biomedicine as a medical practice that is
exemplified by laboratory sciences, their methodology of causal inference, and biological
conceptions of disease, disease causation, and health. In that case my term biomedicine refers
to what is usually called medicine’s basic sciences. Still, however, | believe we can identify
certain biomedical metaphysical, epistemological, and methodological commitments which
constitute the biomedical framework or approach — its view on health and disease, causes of
diseases, and the methodological, epistemological, and evidential frameworks it uses to
investigate and explain diseases and their causes. Nonetheless, for reasons | will explain later,

I do not think that these are incommensurable with the empiricist approach to medical practice.

The metaphysical, epistemological, and methodological commitments of biomedicine

are nicely described by Marcum:

1 valles, S. (2020). Philosophy of Biomedicine. The Stanford Encyclopedia of Philosophy (Summer
2020 Edition), Edward N. Zalta (ed.), URL =
https://plato.stanford.edu/archives/sum2020/entries/biomedicine/.
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Starkly put, the patient is reduced to a physical body composed of separate components
that occupy a machine-like structure. The biomedical practitioner’s emotionally
detached concern is to identify a patient’s diseased body part(s) and to treat or replace
the diseased part(s) in a fashion analogous to a mechanic. The outcome of this
intervention—curing the patient— derives from specifically diagnosing a diseased or
dysfunctional part(s) and then treating, scientifically, the cause of the disorder. The
results are commendable: to cure disease, to relieve pain, and to prevent death.
Marcum 2008: 393

The biomedical model (or as it sometimes called, “the old medical model” (Fuller
2017)) is marked by a so-called "biological chauvinism” (Broadbent 2009). That is,
biomedicine’s metaphysical commitments are (i) naturalistic in the sense that is characteristic
of biological conceptions of life, health, and disease (against vitalism), and (ii) reductionist in
the sense that an explanation of a medical phenomenon is explained in terms of its parts. These
commitments further include three distinct epistemological and methodological theses of
biomedicine. First, the conception of the human body as decomposable into biological parts
and biochemical processes and pathways that maintain the normal functioning of the body.
Second, biomedicine searches only for an organic, objective entity as a cause of disease
(Marcum 2008). That is, what diseases and their causes are “is restricted to solely biological,
chemical, and physical phenomena” (Krieger 2011: 130). This concept or model of body
functioning has its roots in the work of the famous French physician Claude Bernard and the
idea of homeostasis as “equilibrium within the body despite changes in the internal or external
environment” (Lakhani et al 2009:3). This leads us to the third thesis. Diseases occur when the
normal functioning of bodily mechanisms is in some way disrupted (the most well-known
naturalistic theory of health and disease is Boorse’s in his (1977) and (2001)). Knowing the
mechanisms and processes of homeostasis and how their disruptions or dysfunctions lead to
diseases served as the basis for the design of medicinal interventions for most of the 20

century.

Characteristically mechanistic or biomedical medicine is represented by medicine’s
basic or bench sciences. These are biological sciences that study all the biological causes,
mechanisms, and processes within the human body - pathology, physiology, microbiology,
immunology, or pharmacology. Biomedicine’s basic or bench sciences are laboratory sciences.

They study phenomena by performing in vivo and in vitro experiments (however, in silico
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experiments are also regularly used in biomedicine too). These experiments are performed on
animals models (for example, laboratory mice or fruit flies). The domain of phenomena that
these sciences study is biological and chemical. Their explanations are characteristically
mechanistic and sometimes mechanical (as in the various models of mechanisms of injury,
specifically with broken tendons, bones, and joints). I will present and discuss these notions in
full detail in the next chapter. For now, | will only note that the characteristics of explanations
in biomedicine are similar to Wesley Salmon’s theory of causation and explanation (e.g., in his
(1998)) and mechanistic theories of causation and explanation (as in Glennan 1996, 2002, or
Machamer, Darden and Craver 2000). The focus of those sciences is on the cellular, metabolic,
and other processes occurring in the body and how different diseases influence these processes
in ways we consider to be pathological. Lakhani et al. start their textbook on basic pathology
with the following passage: “This book will adopt a strongly biomedical concept of disease.
This is a mechanistic model that regards the body as a machine with repairable or replaceable
parts. It looks for specific underlying biological causes and places a high emphasis on the
scientific evidence-base for untangling cause and effect in both the disease and its treatment,
because this is important for patient care and prognosis” (Lakhani et al. 2009: 3, emphasis
added). The rationale is rather simple. Knowing how particular biological mechanisms
“normally” function is required for knowing all the different ways in which they can be

disrupted or impaired.

Of course, the concepts of “function” and “normality” of biological mechanisms are
highly controversial in philosophy. I will leave the discussion on these issues for the next
chapter. However, for the present purposes it is worthwhile to mention Boorse’s definition of
normality in his (1977) since it is used in his definition of health and disease, a definition which

is often connected to the metaphysical commitments of the biomedical approach.

When diseased, we feel something is wrong with our body or that some bodily functions
are not working “properly”. Disease means that our body or parts of our body are in some kind
of a state which, we presume, is non-natural or it is out of the ordinary. As Boorse says: “Health
is functional normality, and as such is desirable exactly insofar as it promotes goals one can
justify on independent grounds” (Boorse 1975: 60, 61). What are the characteristic features of
diseases, that which make a part of our body or our body as a whole to be in a non-natural state
or at least make it undesirable for us? Disease is undesirable because it impairs survival and

reproduction of an organism. Boorse takes these to be “independent grounds” which make his

32



theory natural and not created, influenced, or shaped by cultural and social factors. However,
both aspects of his theory are clearly controversial. Not all disease states impair our survival
and reproduction, while some states that do so are not considered diseases. On the other hand,
defining normality or normal function is a notorious area of trench warfare in the philosophy

of science. So how does Boorse answer these worries?

As noted, Boorse intends his theory to be a value-free theory (free of any cultural and
social influence). Boorse, then, turns to physiological and pathological knowledge together
with evolutionary biology to construct an objective theory of health and disease. Since this
account defines disease as deviation from a physiological statistical norm, it is usually called a
Biostastical theory (BST). So, Boorse defines normality of a “part or process within members
of the reference class as a statistically typical contribution by it to their individual survival and
reproduction” and where the reference class is a “natural class of organisms of uniform
functional design”, that is, an age group of a sex or species (Boorse 1977: 562). Therefore,
“[h]ealth in a member of the reference class is normal functional ability: the readiness of each
internal part to perform all its normal functions on typical occasions with at least typical
efficiency”, and a “disease is a type of internal state which impairs health, i.e., reduces one or

more functional abilities below typical efficiency” (ibid.).

Obviously, the notions of reference class and normal functioning have been highly
disputed since Boorse first proposed BST (see Kingma 2007). There is a sense in our
understanding of health and disease that includes some kind of value evaluative component.
That is, not everything about our conception of disease is explained in biological terms.
Theories that incorporate the notion of value in their definition of health and disease have been
proposed as an answer to Boorse’s BST — collectively, they are usually called normativist
theories (for example Engelhardt 1986, or Wakefield 1992).1?

12 These theories avoid metaphysically loaded notions such as normality and function. They especially
focus on what we cherish and desire as human beings. For example, notice how Engelhardt argues that
health “must involve judgments as to what members of that species should be able to do—that is, must
involve our esteeming a particular type of function” (Engelhardt, 1976: 266, emphasis added). By
putting values at the center, normativists argued that they can explain why some cultures think of some
states or conditions as diseases while others do not. In addition to adding our values to the definitions
of health and disease, normativist theories incorporate things that Boorse’s theory excludes — mental
diseases and various non-physiological causes of health and disease, such as a stressful environment.
However, there are many examples that present problems for normativist theories. There are states that
are considered as undesirable or unpleasant, but it is certainly controversial to designate them as
diseases — e.g., PMS, alcoholism, being overweight or obese (Ereshefsky 2009). Furthermore,
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Biomedical or mechanistic medicine, therefore, is the way of “scientific medicine”, so
to speak. It is implied that identifying the causes of diseases from the biological, chemical, or
physical domain and offering a causal explanation of the disease phenomenon in terms of their
causal properties is “more scientific” than the strictly pragmatist approach of empiricist
medicine (characterized by statistical, probabilistic methods). More importantly, as many have
argued, if we know the mechanism of a disease, then, not only can we explain the association
between a putative cause and a disease, but we can also infer further claims about the outcomes
of interventions. For example, observe this passage by Claude Bernard in his An Introduction
to the Study of Experimental Medicine:

Now that the cause of the itch is known and experimentally determined, it has all
become scientific, and empiricism has disappeared. We know the tick, and by it we
explain the transmission of the itch, the skin changes and the cure, which is only the
tick’s death through appropriate application of toxic agents. No further hypotheses need
now be made about the metastasis of the itch, no further statistics collected about its
treatment. We cure it always without any exception, when we place ourselves in the
known experimental conditions for reaching this goal.

Bernard 1999: 214

Such biomedical commitments and promises are shared by modern day mechanistic
philosophers. Machamer, Darden and Craver in their (2000) express this clearly. They claim
that mechanisms or their representations in scientific research “are used to describe, predict,
and explain phenomena, to design experiment, and to interpret experimental results”
(Machamer, Darden and Craver 2000: 17). Both quotes express the same view. The knowledge
of biological causes or mechanisms has two roles. The first one is the explanatory role — it is
the evidence of mechanisms.®® This is what Machamer, Darden and Craver mean when they
say that mechanisms are used to describe and explain. It is the knowledge of the underlying
physiological mechanisms supporting and maintaining homeostasis, and the pathological and
pathophysiological mechanisms issuing at the onset and development of diseases and

manifestations of their symptoms and signs. In a nutshell, evidence of mechanisms is any

normativist theories seem to justify the treatments of homosexuals in the past because, at the time, a
particular society held it as an undesirable state or condition which required a medical treatment.

13 Recall from the Introduction that the evidence of mechanisms is the knowledge about the
physiological, pathological, and pathophysiological mechanisms underlying some medical
phenomenon.
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physiological explanation of a biomedical phenomenon. But these authors also claim that
mechanisms in medicine have a further role. We want to know what we can do with the
knowledge of mechanisms in order to treat patients. That is, mechanisms ought to have a role
in devising medical intervention procedures and in making predictions about the efficacy of
these interventions — that is, a predictive role.

The arguments from Bernard and modern mechanistic philosophers for this second type
of evidence concerning biological causes and mechanisms state that once the mechanism
underlying the relation between exposure and disease (for example, hypertension and heart
failure) has been established, it can become a piece of evidence that a different causal relation
will obtain under different circumstances. In other words, knowing the biological causes of
bodily functions and disease pathogenesis should allow making true counterfactual claims.
This means that possessing a full description of a mechanism allows making claims about
interventions (as means of treatment) and predictions about the effectiveness of those
interventions. As noted above, inferences drawn from the knowledge of mechanisms to means
of interventions is often called mechanistic reasoning in philosophical discussion while in the
medical literature it is referred to as a pathophysiological rationale. Howick defines
mechanistic reasoning as involving “an inferential chain linking the intervention (such as
antiarrhythmic drugs) with a clinical outcome (such as mortality)” (Howick, Glasziou and
Aronson: 2010: 434). This is the type of evidence that tell us that if we know how essential
hypertension can cause various cardiovascular diseases then we should also be in a position to
know how to develop specific treatments, for example, by developing different drugs which

target some of the steps or entities in this mechanism of disease.

To conclude, the biological-mechanistic approach is a framework for the investigation
of disease causation and biological functions in the human body based on laboratory sciences
and their methodology. It aims at revealing pathogenic, pathophysiological, and physiological
processes in the human body. The knowledge gathered through laboratory experiments ought
to provide grounds for two different types of claims about the presence of causal relations
involving human health and disease. The first is concerned with the functioning of
physiological processes maintaining health and leading to diseases. The other is about making
predictions of the outcomes of medical interventions. Medical interventions are rarely if ever
made without the knowledge of physiological, pathogenic, and pathological mechanisms but

predicting their efficacy, as | shall discuss later, is a different matter.
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1.4.2. The epidemiological or difference-making approach

In the late 1980s and early 1990s, a group of epidemiologists, primarily centered at
Oxford and McMaster University in Canada, started to question biomedical epistemological
capabilities to produce true prediction claims relevant for the treatment and prevention of
diseases. That is, they argued for a change in approach to causal reasoning. Although the
criticism was primarily aimed at biomedical epistemological capabilities, it eventually led to
the development of an all-encompassing theoretical, methodological, and evidential framework
for thinking about health and disease, discovering disease causation, and evaluating the
efficacy of medical treatments. Its influence on medicine was so great that some even declared
it as a “new medical model” (Fuller 2017). Although the first paper introducing the novel
concept “Evidence-Based Medicine” was published in 1991 by Gordon Guyatt, the publishing
of the “EBM manifesto” in 1992 in the Journal of the American Medical Association represents
its starting point in earnest. The individuals from McMaster University, formed the Evidence-
Based Medicine Working Group (consisting of, among others, David Sackett, Gordon Guyatt,
Brian Haynes, and David Churchill), and published the “EBM manifesto” where they

confidently announced that a “new paradigm for medical practice is emerging” (1992: 2420).*

Bluhm and Borgerson (2011) observe that three aspects of basic science’s influence on
clinical practice were influential in the rise of EBM movement: “the growth in laboratory
research in medicine, the growth in clinical research in medicine, and the realization that,
despite the increase in scientific knowledge, medical practice was not uniformly influenced by
the results of research” (2011: 206, 207). The progress of biomedical sciences throughout the
20" century was immense. We have learned a lot about the human body but seldom did this
knowledge translate into clinical practice. On the other hand, clinical research changed
completely with the development of randomized controlled trials. First used in agriculture, they
are now mostly associated with medicine. Following the Second World War the randomized

controlled trials technique was adopted to test interventions in medicine, and the first such trial

¥ «\What on earth has medicine been based on before?” Worrall’s imaginary newcomer amusingly asks
of EBM at the beginning of his paper (2002: 316). Indeed, to a newcomer the “evidence” part of the
name of this new approach might sound confusing since it implies that medicine was not based on any
kind of evidence before the rise of EBM. Solomon argues that “evidence” in EBM was meant to have
“rhetorical power, because who would deny the importance of evidence?” (Solomon 2016: 289). So, it
is not controversial to claim that perhaps EBM is a kind of misnomer. For these reasons Solomon argues
that EBM is perhaps better called “epidemiological medicine” (Solomon 2016: 289) since, as will be
shown later in the text, it most values evidence which has been gathered by epidemiological methods.
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used in medical context is often credited to Austin Bradford Hill and his work on streptomycin
as a treatment of tuberculosis in 1947 (Solomon 2011, Clarke et al 2013). The epistemological
superiority of randomized controlled trials was praised immediately, and already in the late
1970s and early 1980s they were recognized as “the golden standard” for assessing the efficacy
of medical interventions. As David Sackett, one of the most prominent figures in the
development of the EBM movement, argues, in contrast to laboratory work and findings from
basic sciences, the results acquired by clinical epidemiological studies are “immediately
applicable” (Sackett 2000: 380). Recall that it took decades before we had a description of
mechanisms that lead from carcinogens in cigarette smoke to lung cancer. The evidence
gathered through trials, on the other hand, was praised exactly for its lack of dependency on
biological theory. No need to wait for the laboratory; EBM’s “protocols” were intended to be
applicable immediately to clinical practice through the implementation of the up-to-date

statistical evidence.

However, it is worth pointing out that EBM was not only a response to problems with
translating biomedical knowledge into clinical practice. It was equally a response to the so-
called “authority of expertise” in clinical practice. There were two aspects of the authority of
expertise which the EBM-ers were eager to argue against. The first aspect which EBM-ers tried
to minimize was reasoning based on experience gathered “by the bedside”. Practitioners based
much of their faith in medical interventions on their previous positive or negative clinical
experience combined with their biomedical knowledge. The second aspect of the authority of
expertise was in how this figured in developing medical guidelines.’® Prior to EBM’s
criticisms, guidelines were developed by authorities in the field based on their experiences.
EBM, as we shall see, was imagined as a democratic and progressive new approach that tried
to minimize the authority of expertise. Firsthand experience and the authority of expertise was
labelled as lacking in scientific rigor and testability. Expert opinion and consensus conferences
were seen as the way of the old where men financed by pharmaceutical companies gathered
around the table to figure out the guidelines which should then be imposed on practitioners in
their everyday clinical work. An interesting EBM perspective on the matter is given by Trisha

Greenhalgh:

1> Guidelines are “systematically developed statements to assist practitioner and patient decisions about
appropriate health care for specific clinical circumstances” (Institute of Medicine 1990).
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When I wrote the first edition of this book in the mid-1990s, the most common sort of
guideline was what was known as a consensus statement — the fruits of a weekend’s
hard work by a dozen or so eminent experts who had been shut in a luxury hotel, usually
at the expense of a drug company. Such ‘GOBSAT (good old boys sat around a table)
guidelines’ often fell out of the medical freebies (free medical journals and other
‘information sheets’ sponsored directly or indirectly by the pharmaceutical industry) as
pocket-sized booklets replete with potted recommendations and at-a-glance
management guides. But who says the advice given in a set of guidelines, a punchy
editorial or an amply referenced overview is correct?

Greenhalgh 2019: 7

Authority of experience and expertise was seen as biased, undemocratic and, most
importantly, fallible, and therefore unreliable. To achieve the high standard that they
advocated, EBM-ers argued for a new approach to evidence in medicine. This new approach
argued for a systematic, unbiased, and democratic approach to developing guidelines and
evaluating causal claims relevant for clinical practice. It was supposed to “de-emphasize
intuition, unsystematic clinical experience, and pathophysiologic rationale as sufficient
grounds for clinical decision making” (Evidence-Based Medicine Working Group 1992: 2420)
and use only the “current best evidence in making decisions about the care of individual
patients” (Sackett et al. 1996. BMJ. 312: 71, emphasis added). An all-encompassing definition
of the goal that EBM tries to achieve and how this should be achieved is probably best given
in Davidoff et al (1995):

In essence, evidence based medicine is rooted in five linked ideas: firstly, clinical
decisions should be based on the best available evidence; secondly, the clinical problem
— rather than habits or protocols — should determine the type of evidence to be sought;
thirdly, identifying the best evidence means using epidemiological and biostatistical
ways of thinking; fourthly, conclusions derived from identifying and critically
appraising evidence are useful only if put into action in managing patients or making
health care decisions; and finally, performance should be constantly evaluated.
Davidoff et al. 1995: 1085-1086

The most notable innovation and the central idea of the EBM movement was that
evidence can be ranked by its quality. For distinguishing between low, good, better, and the

best kind of evidence, the EBM movement had to develop a framework fit for such a job. That
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is, it had to impose some rules for assessing evidence. In the EBM manifesto, the authors write:
“understanding certain rules of evidence is necessary to correctly interpret literature on
causation, prognosis, diagnostic tests, and treatment strategy” (Evidence-Based Medicine
Working Group, 1992, p. 2421). For example, the quality of evidence refers to the accuracy
and stability of causal claims concerning the risk factors for diseases on the one hand, and the
accuracy and stability of predictive claims about the interventions to achieve patient-relevant
outcomes on the other.

If evidence can be graded, then there is a hierarchy of evidence. This is probably the
most well-known contribution of EBM. There are numerous different hierarchies
corresponding to different questions we might be interested in. For example, there are
hierarchies of evidence concerning questions of treatment, prevention, diagnosis, prognosis, or
etiology of a disease. Nevertheless, all hierarchies of evidence assume the same principal ideas
about what evidence is the best, what has the lowest quality, and what lies in between.

Randomized
controlled trials

Non-randomized,
observational studies

Expert opinion, case studies and basic
research (mechanistic evidence)

Figure 4. A simple representation of different hierarchies of evidence, as in, for
example, Guyatt et al. 2002 or OCEBM Levels of Evidence Working Group 2011.

EBM is empiricist medicine par excellence. It holds in the highest regard the
epidemiological studies and the difference-making concept of causation. There are two types

of epidemiological studies: observational (descriptive and analytical) and experimental.
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Observational epidemiology is concerned either with the identification and prevalence of the
patterns, trends, and health conditions of certain populations or with the thorough examination
and analysis of the associations (correlations) between exposures to risk factor (e.g., EH) and
specific outcome (e.g., heart failure). Descriptive observational epidemiology measures the
rates of incidence of a disease in some population, or the distribution of health determinants.
For example, it tries to measure the extent to which hypertension is present in different
populations, or the average intake of salt in some population. Descriptive epidemiology
therefore measures and describes patterns of health and disease and their determinants in some
population relative to geographical and time indices.®

Observational epidemiology is also concerned with measures of associations or
correlations between exposures and outcomes. We can say that observational epidemiology
“extracts” causes from associations. That is, it adds a causal import into observed associational
relationships. This approach has constituted much of the past and present of epidemiological
studies. For the moment, let me present just two of the major types of observational studies —
cohort studies and case-control studies. A cohort study follows a group of people over time
and measures the rates of exposure and outcome within that group. A case control study follows
a group of individuals — case group — which have been identified as the bearers of the health
outcome in question (e.g., some cardiovascular disease (CVD)) and compares the rates of
exposure (for example, EH) to that found among a presumably similar enough group — the
control group — which lacks the health outcome in question. It is not that uncommon however,
that scientists mix these methodologies, and therefore, perform a case control study within the

cohort group.

As an example of such observational studies consider the Framingham Heart Study, a
starting point in the observational epidemiology of EH. This was a long-term project founded
and governed by the National Heart, Lung and Blood Institute and located in Framingham,
Massachusetts. Its first original cohort from 1948 included a random sample of 5209 residents
of both sexes aged from 30 to 62 from the town’s population. In 1971 the study included its
second cohort which was comprised of the children of the original cohort and their spouses. In

2002 the cohort was comprised of the third generation. The first major study findings were

6 5o, for example, consider the numbers for hypertension. In 2010, 31.1.% of the global adult
population, that is, 1.38 billion people, had hypertension (Mills et al 2016), while in Croatia the numbers
were around 45% of the male population in 2018 (WHO 2018).
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published already in 1957 and showed an immense increase in the prevalence of coronary heart
diseases and stroke among the cohort group. These and other CVDs were then linked to
elevated blood pressure or EH (Kannel et al. 1970, 1971, 1972, 1976). The studies also helped
to estimate the incidence rates (the rate of individuals who develop a condition within a given
time period). In 1971 investigators analyzed the data and demonstrated the risk of coronary
heart disease was linked with systolic and diastolic blood pressures: “After 14 years of
cardiovascular surveillance of 5,127 men and women in Framingham, Mass., 492 cases of
coronary heart disease have been accumulated, thus making it possible to examine the relation
of each component of the blood pressure to the development of coronary heart disease” (Kannel
et al. 1971: 336). By performing multivariate analysis (a set of statistical techniques for
assessment of different, independent effects of various exposures on a single outcome)
investigators demonstrated a stronger link of systolic blood pressure to coronary heart disease
than between diastolic blood pressure and the same outcome. That is, in contrast to elevated
diastolic blood pressure, elevated systolic blood pressure is a risk factor for heart attack. But
the exact causal mechanism which connects elevated systolic blood pressure to of a heart attack

was unknown (and not of interest to the scientists performing the study).

Experimental epidemiology predominately uses randomized controlled trials. Although
rarely used to identify etiological causes of a disease (because of the evident ethical
constraints), they are used to determine the efficacy of a new drug or a technique of treatment
(e.g., surgery). Woodward’s interventionist account of causation (2002, 2003) presents an
excellent philosophical treatment and theoretical underpinning of randomized controlled trials.
Woodward’s interventionism asserts that an intervention I on the variable X acts as “a switch”
on all other variables that possibly cause Y (Woodward 2003: 98). In a randomized controlled
trial, the treatment is provided only through the trial and not from somewhere else. The
randomization of the provision of a treatment (e.g., the administration of a drug) is randomly
allocated to avoid selection bias. Secondly, in Woodward’s account, | is not a direct cause of
Y, meaning the act of administering the drug does not cure disease, rather it is the drug itself
that should cause a positive health outcome. An intervention should not change the value of
any variable that does not stand directly in the pathway I-X-Y, and it should be statistically
independent of any variable that is a cause of Y but is not on this direct pathway that goes
through X. This is ensured by double blinding the participants and randomization. That is,
neither the participants in the experiment and control groups nor the experimenters know who

was administered with the treatment. Therefore, a change in the value of a variable X (for
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example, treatment administration 0 or 1) by the intervention (the administration) changes the
value of a variable Y (health outcome 0 or 1) if all else is held fixed. Notice that the randomized
controlled trials treat the pathway from X to Y as a black box.

As can be seen in Figure 4, randomized studies are always at the top of the EBM
hierarchies. These can be blinded, double blinded, or not blinded at all. As noted, in the double
blinded randomized controlled trials, subjects in both the control and experimental group,
together with the researchers, do not know if they received the treatment or a placebo.
Therefore, (double blinded) randomized controlled trials are always esteemed most highly; that
is, as they are “the golden standard”. When EBM-ers say that “[t]he best (“weightiest™)
evidence for causation comes from rigorous experiments in humans (i.e., RCTs)” (Haynes,
Sackett, Guyatt and Tugwell 2005: 358), they think of randomized controlled trials. RCTs are
thought to be the least biased type of an epidemiological study. The double blinded type of
RCTs secures the experiment from allocation problems, avoid confounding, and distinguishes
placebo effects from intervention/treatment effects. However, even better than a single
randomized controlled trial are systematic reviews or meta-analyses of numerous randomized
controlled trials. Systematic reviews aggregate the results of various RCTSs. Since the result of
a single RCT is already an aggregated result of numerous outcomes (outcomes of the
individuals participating in the study either as part of the experimental or control group), a
systematic review is an aggregate result of numerous aggregated results. Rather than providing

an aggregated result, meta-analyses combine these results into a singular measure or value.

Although held in the highest regard, randomized controlled trials, however, cannot
always be implemented. There are numerous reasons for this, ethical, financial,
methodological, etc. For example, we cannot test the effectiveness of the defibrillation of
dysrhythmic heart or CPR for stopped hearts by implementing randomized controlled trials. In
cases such as these, observational studies are the next best approach to gather evidence.
Usually, cohort studies are a level up the ladder than case control studies. The lowest level in
all the hierarchies is always occupied by expert opinions, technical note, or the physiological
knowledge and research. Case reports or poorly executed case control and cohort studies

usually come between the lowest and the middle levels.

According to the EBM “paradigm” or framework, then, the best and/or good evidence
in the EBM view always comes from population studies. This, however, assumes that high

quality claims about causal relations are always claims about population properties or relations
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between populations and not about individual patients. Should the EBM’s conception of
disease be taken as a population property? Some authors would say yes. For example, Chin-
Yee claims that EBM views “diseases as statistical associations at a population level” (Chin
Yee 2014: 921). Even if the epidemiological approach retains a biomedical conception of
disease (that is, ultimately, health and disease are exclusively biologically explainable), it offers
a different way to study their causes — specifically, disease etiology. This has provided a useful
way to investigate the risks (or perhaps causes) of CNCDs, since it completely ignores the
details of processes inside individuals (the biological level) and includes investigation of what
can be conceived as the joint effects of multiple biological mechanisms. In addition, as we have
seen, observational epidemiology offers an additional way to manage diseases. By finding
factors that correlate with certain diseases, it offers strategies for prevention rather than

treatment.

Davidoff et al. argue that critical appraisal of evidence is useful only if it is put into
practice, that is, into clinical work. How, then, should EBM work in practice? How is
epidemiological evidence and the hierarchy of evidence used in a clinical setting? Consider the

example from the original EBM Working Group paper in JAMA:

A junior medical resident working in a teaching hospital admits a 43-year-old
previously well man who experienced a witnessed grand mal seizure. He had never had
a seizure before and had not had any recent head trauma. He drank alcohol once or
twice a week and had not had alcohol on the day of the seizure. Findings on physical
examination are normal. The patient is given a loading dose of phenytoin intravenously
and the drug is continued orally. A computed tomographic head scan is completely
normal, and an electroencephalogram shows only nonspecific findings. The patient is
very concerned about his risk of seizure recurrence. How might the resident proceed?
Evidence-Based Medicine Working Group 1992: 2420

According to the authors, the resident can either proceed with “the way of the past” or
with “the way of the future”. In the way of the past, the resident is instructed by an expert
authority (a senior resident) about the usual procedures and guidelines in such situations. Based
on these instructions, the resident’s biomedical knowledge of seizures, and knowledge of the
patient’s pathological state, the resident informs the patient about the probability (although not
specified by any number) of seizure reoccurrence and advises the patient on how to behave and

what to avoid in the future. The way of the future, on the other hand, takes the resident to visit
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the library (nowadays, a computer) to conduct their own research of the literature. The resident
enters relevant key words (for example, epilepsy, prognosis, and recurrence) and finds a
number of relevant papers on the results of population studies. Now enters the hierarchy of
evidence. The resident checks for the type of studies used in the research and searches for the
highest in the hierarchy. “If the study wasn’t randomized, we’d suggest that you stop reading
it and go on to the next article in your search [...] Only if you can’t find any randomized trials
should you go back to it” (Straus et al., 2005: 118). If there are no RCTSs relevant to the problem
at hand, the resident is then advised to check for the next best available evidence in the

hierarchy.

EBM presents the most rigid and strongest expression of empiricist medicine up to date
and quite arguably is the dominant epistemology of contemporary medicine. All of the major
medical journals, such as the British Medical Journal and the Journal of the American Medical
Association, accept its primacy as a medical evidential, methodological, and inferential system.
Its methodological commitments and philosophical underpinnings have spread to many other
disciplines and sciences such as sociology and economics. Today everything sounds better if it
is “evidence-based”, from medical treatments and healthcare policies to social and political

policies.

1.5. A philosophical analysis of two approaches to disease causation

| have presented the main ideas and views of both the biomedical and the
epidemiological approaches to disease causation. In this section, I discuss how exactly we
should think about them: are they metaphysical frameworks for disease causation, types of

epistemology, causal explanations, causal inferences, or something else?

In his historical analysis of disease causation, Codell Carter argues that causation is
“ultimately a theoretical relation, so causal claims can never be justified in the absence of a
theory” (Carter 2017: 88). Weed, an epidemiologist, claims similarly to Carter that “any
method of causal inference will also have connections with theories of disease (e.g., cancer)
causation, the logic and epistemology of causal hypotheses, and the ethics of preventive
interventions” (Weed 2000: 798). Similar ideas can be found across the medical literature and
the literature on the history of medicine. Authors such as Carter and Weed argue that we cannot

develop meaningful or plausible criteria for thinking about causal relations in medicine in the
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absence of some theoretical framework of disease causation. There are three desiderata of any
theory of disease causation found in the arguments by Carter, Weed and similarly-minded
philosophers and historians of medicine: any viable and successful set of causal criteria in
medicine will have to: (i) define what kind of things can be causes, (ii) explain how those things
figure in some specific theory of causation which should apply to disease causation too, and,
finally, (iit) provide methodological and epistemological criteria for the identification of these

causes.

There is no doubt that research on disease causation differs in epidemiology and in
basic sciences. As already stated, the statistical and mathematical notions, concepts, and
heuristics of investigative methodologies in observational and experimental epidemiology
differ from the usual laboratory work associated with the investigative methodology of basic
sciences. Some philosophers and philosophically inclined scientists argue that the different
investigative strategies of causal inquiry in medicine yield two completely different notions of
causation and ipso facto two different theoretical frameworks of disease causation.
Consequently, it is claimed that the epistemological criteria of causality will depend on these

frameworks.

At least since Russo and Williamson’s paper from 2007, these two notions of cause or
causal frameworks have been consistently linked in the philosophy of medicine to a
disambiguation of the concept of cause given by Ned Hall. In a nutshell, in his (2004) Hall
argues that there are two distinct concepts of cause in philosophy and that most theories of
causation in philosophy can be seen as accepting one or the other concept. Hall starts his
analysis by laying down five theses about causation that are sometimes overtly and sometimes
covertly accepted in philosophical discussion. The first thesis - transitivity - asserts that if a is
a cause of b and b is a cause of c, then a is a cause of c. The locality thesis asserts that causes
and effects should be spatiotemporally contiguous, that is, they are connected by series of
spatiotemporally connected causal intermediaries. The intrinsicness thesis claim that every
causal relation is determined by its structure which is non-causal in character (together with
the laws of nature). The dependence thesis asserts that counterfactual dependence between
distinct events is sufficient for causation. The fifth thesis, omission, claims that absences and

failures of event occurrences can both be causes and effects.

Hall attributes the first three thesis to the productive concept of causation, whereas the

second two are linked to the dependence concept. Hall then proceeds by considering different
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scenarios of purported causal situations where these five theses cannot all be held at the same
time. Hall argues that the dependence accounts of causation have trouble incorporating the first
three thesis, if pressed with stubborn and persistent counterexamples of overdetermination. The
acceptance of the first three thesis cannot be reconciled with the acceptance of the fourth and
the fifth thesis, as the counterexamples that involve the double-prevention scenarios vividly
present. These two distinct concepts capture our two confronting intuitions about causation and
what a cause is supposed to be.

Although Hall speaks of dependence, some authors have claimed that the terms “causal
relevance” (Glennan 2009, 2017) and “difference-making” (Russo and Williamson 2007, Illari
2011, Clarke et al 2013) mean the same thing. Hall takes this concept to be a counterfactual
dependence relation between two events in the style of Lewis’ back-tracking counterfactuals.
But since then, philosophers have argued that the dependence concept or difference-making
concept accommodates interventionist (Woodward 2002, 2003) and probabilistic
(Reichenbach 1956, Eells 1991) accounts of causation; that is, any theory of causation that
takes a cause to be a difference-maker for the occurrence of their effects (and where causation
is then analyzed by providing some truth conditions for the difference-making relation). For
present purposes, the most important features of these theories are that causes are states, events
or variables, and that causes are difference-makers in the sense that they make a difference to
either (i) whether the effect will or will not occur, (ii) the probability that the effect will occur
conditional on the cause occurring rather than not, or (iii) the magnitude, scope or frequency
of the effect occurring. In another words, difference-making causality is a measure of
dependence between values of variables (whatever the variables stand for), when certain
theoretical conditions are satisfied (for example, temporality or independence of variables in
interventionist account). Many philosophers have taken that the difference-making concept of
causation corresponds to causal rationale in epidemiological studies (both observational and
experimental). The difference-making concept then designates EH as a cause of heart failure
because there is a counterfactual dependence relation between the two or because hypertension

severely raises the probability of heart failure (based on population-level observations).

Hall takes the productive concept of causation as far more difficult to capture than
dependence, but intuitively, he argues, we take it as a matter of causes producing, bringing
about, or generating their effects. There is a tendency in philosophy to take the notions of

production or bringing about as non-reductive notions. For example, Anscombe (1973)
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famously argued that the notion of cause is ambiguous and vague. It only acquires some
meaning when it is substituted for some more specific term, such as bonding, pushing or
pulling. Hall, however, does not claim that production is (necessarily) a primitive, non-
analyzable notion. He offers an attempt to lay down a reductive (in the sense of reduction to
non-causal terms) analysis of production. Production, then, is a matter of having the right kind
of internal structure which he identifies as a union of minimally sufficient sets for e in every
time between t and t’ — (the time of e’s occurrence).!” This would mean that X (having essential
hypertension) produces Y (having a cardiovascular disease) if it can be shown that these events
are linked by a series of steps, each defined by its minimally sufficient structure of conditions,
relations and objects. In other words, Hall's notion of production corresponds to having a
unique structure of events or objects which are organized so as to eventually lead to or bring
about the effect. X produces Y when there is a spatial and temporal organization of entities,
their interactions and activities connecting X and Y. Similarly to the case with difference-
making and the epidemiological approach, philosophers have argued that the production
concept corresponds to the biological or mechanistic approach to disease causation. X is not a
cause of Y only because, statistically or counterfactually, it is a kind of difference-maker to the
occurrence or magnitude of Y. Rather, X is a cause of Y because there is a certain biological
mechanism or mechanisms of the right sort connecting the two events or states and which can
be traced or split into stages where each stage is at least sufficient to bring about the next stage

because of the entities involved, their properties and relations.

Perhaps a better fit for the topic of this dissertation is Woodward’s analysis of these
two views. That is, although claiming the same thing, his presentation of those views is closer
terminologically and in its focus on particular details to the discussion in the philosophy of

medicine:

While [difference-making] accounts assign a central role to contingency information as
a source of evidence for causal claims, [mechanistic] accounts commonly assign a
central evidential role to spatio-temporal or geometrical relationships or to facts about
the presence or absence of the appropriate sorts of mechanical properties (rigidity,
weight etc.). In particular, cases in which (it appears) one can just “read off” which

causal relationships are present from geometrical or mechanical properties, without any

7 Observe the similarities between Hall's definition of a production and Mackie's and Rothman's
definitions of sufficient conditions.
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apparent need to rely on contingency information, play an important role in
[mechanistic] thinking about causation.
Woodward 2011: 413

Whether or not Hall's arguments imply that not only are there two different concepts
but also two different kinds of causal relation is a matter of debate and Hall remains silent on
this question.’® Nonetheless, in the next two sections | present how this philosophical
discussion on two concepts of cause is reflected in medicine’s two approaches to disease
causation. | argue that the discussion on difference making (relevance and dependence) and the
productive/mechanistic causal frameworks in medicine should be understood as different kinds
of causal explanations rather than different metaphysical concepts of causation. The difference
lies in the content of explanation, the methodology by which those explanations are arrived at,
and the evidence which is gathered for their support. | will start with the argument that these
two are different forms of causal explanations rather than different metaphysical theories of

causation, and then discuss the evidence provided to establish causation in medicine.

1.5.1. Explanation

Recall Henle’s quote from the section 1.1. In addition to the claim that there is a high
correlation between falling bodies and unsupported bodies, physics, as Henle argues, can say
why bodies fall without being supported. Along these lines, the standard correlation approach
of modern epidemiology has been criticized for lacking any explanatory relevance. It is often
argued that the statistical inquires of epidemiological observational and experimental studies
only reveal that, for example, hypertension is highly correlated with the lack of exercise,
cholesterol-rich or salty food or tobacco and alcohol consumption, but this does not say
anything about how or why smoking or salty food increases the risk of developing
hypertension. We would like to know why and how changes in one variable produce changes
in another, not just that they do so. In other words, the difference-making or black box approach

only “leads to the identification of a list of risk factors”, and therefore, it is not “an explanatory

18 See, for example, Russo and Williamson (2007) and Strevens (2011) for the arguments that causation
just is one relation but there are different kinds of evidence for causation, Glennan (2009), (2017) for
the argument that there are, in fact, two kinds of relation, and Cartwright (2004) that there are multiple
different concepts of cause, corresponding to different causal questions and methodologies.
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theory for how disease arises” (Hafeman and Schwartz 2009: 838). In addition, the values of
variables and variables that we measure either by observation or by interventions must
represent something from “the real world”. We have to have some idea what the things that we

measure are.

There are two standard criticisms of the difference-making approach (both as a theory
of causation and as an explanatory approach in medicine) which are supported by the first two
desiderata of disease causation presented at the beginning of the previous section. Although
useful in detecting numerous determinants of health outcomes in some population, the
difference-making approach cannot give answers to two related questions: (i) what sort of
things can be causes (since we can measure whatever we want, for example the relation
between exercise and school achievement), and (ii) how we arrive at causal claims from
measuring correlation (but, even if we can do this, how exactly the exposure causes the

outcome is still a question without an answer).

The difference-making or black box stance and the statistical evidence which it relies
on have been criticized for putting too much emphasis on the pragmatic aspects of finding
causes or correlations. This does not come only from academic philosophical discussions which
are not recognized by epidemiologists themselves. These sentiments have been present in
discussions and articles in epidemiology and they concern many epidemiologists (for example,
see Vandenbroucke (1988), Skrabanek (1994), Hafeman and Schwartz (2009), to name a few).
Causal explanations, then, are perhaps completely and intentionally lacking in epidemiology.
This led some prominent epidemiologists to be wary when it comes to assessing causal claims.
Others went a step further and denied the validity of any causal talk whatsoever. For these
causal deniers, epidemiologists can only talk of associations and associations cannot give us
causal relations (whatever they may be). For example, observe the passage by Lipton and
Odegaard in their (2005).

Our point is that although it is important to be able to use epidemiological research to
predict and intervene at the public health level, to tell the best story possible about the
research findings at hand, one doesn’t have to say that X causes Y to achieve such an
outcome. In fact, one cannot definitively claim such a relationship.

Lipton and Odegaard 2005: 7
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Because of the issues with the notion of cause in epidemiology and its discovery of
causal mechanisms, a great deal of traditional epidemiology has tended to completely abandon
casual terminology in favor of a “broad and nonspecific category of determinants” (Susser
1991: 637). Rather than getting into the problem of stipulating what a cause is and what its
properties are, many epidemiologists have concentrated on getting the most out of its
methodology without making explicit causal claims. “Many public health researchers were
taught that it is best to avoid discussion of causation in interpreting findings from observational
studies; any reference to causation was thought to overreach the evidence” (Glymour and
Spiegelman 2017: 81). This avoidance of causal talk certainly has its positivist and logical
positivist roots (Kincaid 2011). From these scientific and philosophical standpoints
observational and experimental epidemiology often accepted a view on causation as too

metaphysical a notion which, if possible, should be avoided in scientific theories and models.

Many epidemiologists, however, are sincerely worried that statistical methods and
concepts cannot be the end point in the investigation of diseases. To explain a phenomenon or
a pattern citing strong or resilient correlations between variables is not enough. Even leading
epidemiologists have recognized this insufficiency and expressed their concerns. For example,
Mervyn Susser argues that association is only one “sine qua non” feature of a cause but not the
only one and certainly, far from sufficient to establish causation. Susser writes: “If no grounds
for an association can be shown to exist, causality has been rejected, and we proceed no further”
(Susser 1991: 638). What are the grounds for association? Susser mentions a few (for example,
time order and directionality) but still considers them as insufficient to establish causation by
themselves. The association, however, can be further bolstered by other statistical measures
and concepts, so some epidemiologists and statisticians would object here and claim that the
causal interpretation of an association can be reached by implementing carefully designed
studies. However, the problem is that further associational or correlational measurement do not
“change the fact that the thing being directly evidenced is an association” (Fiorentino and
Dammann 2015: 3). The motto “correlation is not causation”, or in Cartwright’s variation “No
causes in, no causes out”, is a shared feature of statistical sciences, epidemiology included
(Cartwright 1989). Causal models are always associational models, but associational models
are not always causal models. So, what does it mean to provide a causal explanation of
statistical measures? What does it mean to provide a causal interpretation of measures such as

risk ratio or relative risk?
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If causal investigation and causal explanation mean providing answers to questions
about how associations or correlations are instantiated, as mechanistic philosophers and
mechanistically minded scientists would argue, difference making accounts seems badly suited
for such a task. As Clarke and Russo (2017) claim, difference-making says that the risk factor
correlates with the outcome, but we also want to know how it makes a difference. Causation,
or a causal reading of association, therefore, is not found in the relations being measured but
rather it is derived from some theoretical background — specifically, a background in biological

theory, as the biomedical advocates to disease causation would argue.

Consider the following question. Can the difference-making approach of epidemiology
offer an answer to the question of what connects variables we choose to intervene upon and
measure? No. The interventionist and probabilistic accounts of causation, which figure
prominently in both observational and experimental epidemiological studies, do not offer an
answer to this question. This is recognized by the proponents of the interventionist account of
causation in philosophy: “Even if the [interventionist account] does not identify the truth-maker
for causal claims, it is nonetheless an illuminating analysis of the causal truths themselves, and
it is crucial for the project of deciding which putative metaphysical explanations (that is, which
truth-makers) are adequate and which are not” (Craver 2007a: 106). The role of biological
models and the knowledge of biological mechanisms is not only diminished in epidemiological
studies (except in molecular epidemiology) but ignorance about the biological mechanisms is

sometimes even explicitly endorsed among black box proponents.®

One possible strategy is to take a purely pragmatist position and claim that the search
for underlying biological causes can delay the acceptance of discoveries arrived at by the
difference-making approach. Therefore, we are far better off embracing the difference-making
approach of strict associations and without causal claims when talking about medical
treatments or about the factors that influence the onset of diseases. For example, Semmelweis
had compelling evidence (both observational and experimental) in favor of the causal
hypothesis of association between “cadaveric material” and puerperal fever yet his
contemporaries were reluctant to accept it because, among other things, he did not identify the

biological mechanism and the biological theory of the day — the miasma theory — did not allow

% For example, the title of Richard Peto’s paper from 1984 is “The need for ignorance in cancer
research”.
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for it.%° The neglect of biological theories in the experimental and observational methods of the
difference-making approach was praised even in philosophy (Ashscroft 2004). Biological
considerations on the plausibility of a causal association can be in direct conflict with the
observational or experimental hypotheses. If Semmelweis had made a randomized controlled
trial to test the effectiveness of hand washing, it would have been shown that such an
intervention considerably lowers the incidence of puerperal fever. Even if everyone else held
the miasma theory, his critics would have had a hard time to oppose the findings of the
experimental method. Biological theories and models are fallible and there is no guarantee that
what holds today will hold tomorrow. Recall how the fallibility of biological reasoning was
one of the reasons for EBM to arise in the first place. The difference-making or statistical
(epidemiological) approach is just more reliable (if the studies are done correctly) than inferring

predictions from laboratory research, irrespective of whether or not we can claim causation.

Although I am sympathetic to these considerations, | will not discuss them further. |
will, however, provide an argument in favor of the utility of the difference-making approach

but only because it is, in a way, a provisional causal explanation.?

Knowing how something makes a difference will not always be the information we
seek. Sometimes the answer to a question requires includes knowing that it makes a difference.
That is, “finding how” and “finding that” result from asking different questions. The
epidemiologist Geoffrey Rose defines these different questions as questions concerning case-
studies and questions concerning incidence rates: ““Why do some individuals have
hypertension?’ is a quite different question from ‘Why do some populations have much
hypertension, whilst in others it is rare?”” (Rose 2001: 428). Although we do not know a lot
about the mechanisms connecting obesity and hypertension, the connection itself is fairly well
understood. We can use it to provide a token explanation — an explanation of why an obese
individual X developed hypertension. Similarly, consider the example discussed by De Vreese
et al. in (2010) about skin cancer incidence in two groups of Belgian tourists, one that spends

their holidays in the Mediterranean and one that spends them in Belgium. Why is skin cancer

2 The most well-known philosophical discussions on causal reasoning in the Semmelweis case are in
Hempel (1966) and Lipton (2004). Semmelweis reasoning has been taken as an example of a good
causal reasoning. However, for a different, critical interpretation of Semmelweis’s causal reasoning see
Tulodziecki (2013).

21 Although not directly discussing the issue of epidemiological causal explanations, Glennan's “bare
causal explanations” from his (2017) can be thought of as expressing the same idea.
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more prevalent in the first group? The difference in holiday location explains the prevalence.
But this is a population property of a subpopulation of Belgians that spend their holidays in the
Mediterranean. On the other hand, there is fairly well understood causal process connecting
exposure to UV radiation and the pathogenesis of skin cancer. If a particular Belgian X, who
spent her holidays in the Mediterranean and never used sunscreen, developed skin cancer, we
could give a good causal (mechanistic) explanation for it. These different questions about
populations or about specific cases require different methods and different concepts. Following
this, De Vreese et al. (2010) claim that medicine offers different kinds of explanation: we can
give explanations involving features of populations, of individual(s) comprising those
populations, or the components of those individuals. Only the last of these kinds of explanation

require the mechanistic approach to disease causation.

| agree with De Vreese et al., and defend the view that both approaches are explanatory,
but they offer different kinds of explanations which provide answers to different questions.
That is, they represent different strategies of inquiry to answer different aspects of the same
medical phenomena; namely, (i) questions concerning the population level and intra-individual
level, and (ii) questions concerning etiology vs. pathogenesis of disease. To answer these
different questions, different methodologies, evidence, and notions of causal explanation are

needed. I will discuss (i) and (ii) here and methodology and evidence in the next section.

First, observe how Rothman defines the distinction between risk factors for individual

and for populations:

For an individual, risk for disease properly defined takes on only two values: zero and
unity. The application of some intermediate value for risk to an individual is only a
means of estimating the individual's risk by the mean risk of many other presumably
similar individuals. The actual risk for an individual is a matter of whether or not a
sufficient cause has been or will be formed, whereas the mean risk for a group indicates
the proportion of individuals for whom sufficient causes are formed. An individual's
risk can be viewed as a probability statement about the likelihood of a sufficient cause
for disease existing within the appropriate time frame.

Rothman 1976: 589

When person X has a heart attack, it means one of the sufficient component sets has

obtained. We can then study what the factors were in this sufficient component set. But heart
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attacks in a population of which X is a member might more highly correlated with different
factors or sufficient component sets. That is, what is significant in an individual case is not
necessarily what is significant for the population.

Consider the population P and one its member, the individual X. X just had a heart
attack, and we are curious why X had a heart attack. X is living a rather unhealthy lifestyle. X
is an avid smoker and does not exercise. X’s smoking and lack of exercise seem like a major
risk factor for X to have a heart attack. Eventually, X has a heart attack. On average, members
of population P live similar lifestyles to that of X. Consumptions of tobacco and alcohol are
high in that population and we have measured a high correlation between heart attacks and
consumption of tobacco and alcohol in that population. So, what is the cause of X’s heart
attack? - Lack of exercise and excessive tobacco consumption. We cite the characteristics and

behaviors of X and not his biological parts.

Weed takes it that the black box should be taken as a metaphor for an individual so that
the black box stance is a “methodologic approach that ignores biology and thus treats all levels
of the structure below that of the individual as one large opaque box not to be opened” (Weed
1998: 13). This is certainly informative, but it is not an explanation in terms of biological causes
(what does, metaphysically speaking, lack of exercise even mean?). A physician then might
say that the cause of X’s heart attack is the obstruction of the blood flow to the heart due to
blood clot which, on the other hand, happened because of smoking induced atherosclerosis.
The physician (or pathologist maybe) seeks to understand how the X heart attack came to be in
terms of individual X’s parts. This requires “parsing an individual in terms of his or her biologic
make-up rather than externally observable characteristics and behaviors” (De Vreese et al.
2010: 374). Similarly, Fiorentino and Dammann proposed in their (2015) that difference-
making approach measures the correlations between variables and then, by using different
statistical tools, proposes causal hypotheses to account for these patterns. The mechanistic
stance, on the other hand, offers a biological explanation of these hypotheses. It does so by
referring to its intra-individual manifestations in terms of biological causes. In another words,
the difference making or black box approach stops at the level of the individual, while the
mechanistic approach, goes into the individual and looks for the processes occurring on the

intra-individual level.

Consider now a different population — P*. On average, the population P* is living a

healthy lifestyle with lots of exercise, healthy dietary habits with low alcohol, and no tobacco
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consumption. Heart attacks in that population are rare. The major risk factor for the incidence
of heart attacks in that population is not excessive tobacco use. Let us say that the major risk
factor for a heart attack in that population is inherited, i.e., genetic. If we want to know why
population P has more heart attacks than population P*, biological information provided by
the physician above will not be informative. But comparisons in relevant characteristics
between groups will give us an answer. The incidence of heart attacks in population P is higher
than in population P* because tobacco and alcohol consumption in population P is much higher

than in P*. Tobacco and alcohol consumption are difference-makers.

To conclude, both approaches are causally explanatory but only if seen as answering
different questions: questions about causal relations on the population vs. intra-individual
level, and questions about etiology and pathogenesis of diseases. Consequently, these two
approaches are based on different evidential support. However, the approaches do not imply
different metaphysics of causation. The causal theory by which we describe relations between
entities composing mechanisms at the intra-individual level does not need to be different from
the one in the difference-making approach. Many mechanistic philosophers take causal
relations between mechanism’s parts along the line of the interventionist account of causation
(e.g., Glennan 2002, Tabery 2004, or Craver 2007a). | also defend a similar claim in the next
chapter where | argue that mechanistic explanations of some biological phenomena need both

concepts of causation.

1.5.2. Evidence

In their (2007) Russo and Williamson argue that causal claims in medicine are accepted
or warranted only when we have evidence of both the difference-making relations or statistical
evidence and the evidence of a mechanism connecting exposure and outcome.?? That is, in
addition to knowing that in some population heart attacks are highly correlated with tobacco
and alcohol consumption we have to know how such behavior causes heart attacks on an intra-
individual level. Having only one type of evidence is not enough to warrant a causal claim and

strictly speaking, there should not be two different types of causal explanations. This has

2 1n the paper from 2007, Russo and Williamson talk about probabilistic evidence, while later, in
(2010), they accept the notion of difference-making to include probabilistic, statistical, or
epidemiological methods and evidence.
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become known as the “Russo-Williamson thesis” (RWT). If RWT is a plausible claim then it
IS a counterargument to my claims from the previous section: namely, to answer any question
concerning disease causation one needs both types of evidence and ipso facto implements both

strategies.

What, then, are the kinds of evidence for difference-making relations and the evidence
for mechanisms? Illari (2011) and Bluhm and Borgerson (2011) claim that epidemiological
observational studies (cohort and case-control studies) and experimental studies (RCTs and
laboratory experiments) are not themselves the evidence but rather evidence-gathering
methods. They are different types of studies and experiments, that is, methods used to gather
data. Therefore, we could claim that both RCTs and observational methods gather the same
evidence — namely, relations of associations among groups. On the other hand, different
laboratory experiments are supposed to reveal biological and chemical mechanisms. The data,

it may also be assumed, can be quantitative or qualitative.

However, both difference-making and mechanistic evidence can be gathered by
observational and experimental studies. No matter the studies we perform, we will be looking
for the features of difference-making relations and dependencies between variables revealed
by observational and experimental epidemiology and mechanistic structures and processes
found through the work of medicine's basic sciences. In that regard, the evidence that these
methods reveal are a mark, a sign, or an indicator of causation but not the same thing as the

causal relation (for a similar view on evidence for causation see, for example, Reiss 2015).

To illustrate what Illari has in mind when she claims that features of evidence are the
distinctive mark of difference-making relations and mechanistic relations, 1 will use Bradford
Hill's influential criteria for the assessment of causation from association (Hill 1965). In a
famous and influential paper from 1965, Hill proposes nine criteria or features of causation that
a researcher should address when deciding whether the association is due to causation. Hill
does not argue that any specific criterion is necessary to warrant a causal claim. In fact, he does
not think that satisfaction of all nine criteria guarantees a causal claim. Assessment of any
causal claim is conditional upon the peculiarities of a specific study or case. Nevertheless, those
criteria are supposed to be good indicators that an association between variables could indeed
be causal. More importantly, as Russo and Williamson (2007) observe, the criteria nicely

illustrate difference-making and mechanistic evidence. Let us examine them in turn.
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1)

2)

3)

4)

5)

Strength — If the strength of an association between two variables is strong it will be
more likely that it is due to a causal relation rather than to some additional variables
controlling their values. For example, the rate of cardiovascular diseases is much higher
among people suffering from essential hypertension than among those that do not.
Consistency — Claiming a causal interpretation of an association seems more likely if
different methods of scientific inquiry (cohort studies, case-control studies, randomized
controlled trials etc.) give us similar results across different populations (males and
females, or populations in different countries)

Specificity — One should look for a single cause of an effect (one cause, one effect).
Yet, as we have seen in section 1.3., specificity seems to be too demanding a criterion,
especially in the research on causation of CNCDs. It might be considered that lung
cancer prevalence among smokers is high enough that we should conditionally consider
smoking as the cause of lung cancer (Russo and Williamson 2007). However,
cardiovascular diseases still seem to be too multifactorial to have the criterion of
specificity carry the same amount of evidential force as other criteria on the list.
Temporality — Simply, causes ought to precede their effects in time. The onset of a
disease is temporally posterior to its causes. Although a reasonable metaphysical
condition, the temporality criterion is not so immediately clear in the cases of CNCDs.
As Hill comments: “Does a particular diet lead to disease or do the early stages of the
disease lead to those peculiar dietetic habits?” (Hill 1965:9). In the early days of the
investigation into the relation between smoking and lung cancer, scientists had to rule
out the hypothesis that people with lung cancer start to smoke or start to smoke more
often when they have found out about their condition. In the case of hypertension, it is
still not settled whether the endothelial dysfunction happens because of hypertension
and is temporally posterior to it, or whether it is a cause of hypertension. Therefore, the
presence of endothelial dysfunction does not necessarily imply that we should expect
hypertension to follow.

Biological gradient — Although it appears originally in Hill's paper as a “biological
gradient” the fifth criterion is maybe better termed as a “dose-response relationship or
curve”. It states that cause-effect relations are more likely to represent a linear (or
perhaps even more likely exponential) relation between the dependent and independent
variable: for example, the prevalence of hypertension rises with the daily intake of

cholesterol rich food.
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6) Plausibility — In other words, this criterion implies that cause-effect relations should be
biologically plausible. The suspected causal association would gain considerably more
weight if we had an underlying biological mechanism identified or at least if we
suspected some possible mechanisms. For example, the hypothesis that hypertension is
a risk factor for heart attack is more likely to be true when we know that suffering from
chronic hypertension results in narrowing the coronary arteries by the accumulation of
fat and cholesterol. This eventually leads to the formation of blood clots which prevent
the supply of oxygen and other nutrients to heart. The result of these processes is
myocardial infarction — heart attack. However, Hill notices that what is biologically
plausible will be dependent on the biological knowledge of the day and this can often
contradict associational findings. There is no better example of this than the case of the
reluctance of the medical mainstream to accept Semmelweis' hypothesis.

7) Coherence — Similarly to the previous criterion, the coherence criterion tells us that the
assumption of a causal association will be more likely if it “makes sense” or it is
coherent with our body of knowledge. This does not necessarily imply biological
knowledge. Closely related associations can make an association between X and Y more
coherent. The hypothesis about hypertension being a risk factor for heart failure is more
likely if there is an observed high correlation between hypertension and heart attack.

8) Experiment — Evidence gained from experiments greatly contribute to the plausibility
of a causal interpretation of an association. The experimental evidence can be gained
from randomized controlled trials as in the cases with experiments with drugs used to
treat hypertension but also in laboratory rats or other animal models where a mechanism
or an association can be reproduced. The shared feature of both types of experiment is
the intervention by a researcher. As | will show, laboratory experiments performed to
reveal underlying mechanisms often follow the same causal epistemological rationale
as randomized controlled trials — namely, Woodward's interventionist account.

9) Analogy — Analogical thinking by using animal models or analogical thinking by
pointing to similar causal mechanisms and pathways makes us more confident that the

assumption under consideration holds.

The evidence for difference-making relations is that changes in the purported effect
variable vary in accordance with changes in the cause variable, or that changes in the outcome
variables move accordingly with changes in the exposure variables — e.g., smoking and lung

cancer. In this sense, strength, consistency, dose-response relationship (biological gradient),
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and experimental evidence gathered from randomized controlled trials are evidence that the
exposure (e.g., to a pathogen, working or living environment, nutrients) is a difference-maker
to the outcome of interest — remove the exposure and the incidence of the outcome ought to
drop. Temporality, plausibility, coherence, experimental evidence gathered through laboratory
work and analogy are evidence of an underlying mechanism or a process linking exposure and

outcome.?

Why do Russo and Williamson claim that these two types of evidence are inconclusive
on their own? Let us consider the evidence of difference-making relations first. In
epidemiology, the existence of an association has three potential explanations: an association
between two variables arises due to (i) a causal relation, (ii) a confound, bias, or some other
error in the design of the study, or it is a matter of (iii) a chance, an accident. Before accepting
the causal interpretation of an association, scientists need to rule out (ii) and (iii): “The rationale
supposes that differences in probability need a causal explanation, and, if all explanations
relying on confounders are eliminated, then T causes O is the only explanation left” (Cartwright
2007: 15). What makes a biased study? Observational studies are commonly more prone to
these errors, but they can be found in the (double blinded) randomized controlled trials as well.
For example, confounding (or common causes in philosophical jargon) implies that there is a
hidden factor which controls for both of the variables, and which has yet not been detected.
Fisher (1958) famously doubted the assumption that smoking causes lung cancer based on the
observational evidence because researchers had not eliminated a possible confounding factor
— a gene responsible both for lung cancer and smoking addiction. A study follows some
proportion of people — a sample of a population. But how are they selected? It is up to
researchers how the groups will be selected. Differences in the selection of groups in both
observational and experimental studies can lead to numerous selection biases or allocation
biases. Researchers can choose people in an experimental group who are in a more serious
condition, or who they think will respond more positively to treatment (they can also fail to
recognize that the group(s) selected for the study will, because of some feature, respond better
or worse to treatment than the general population from which they were selected). Double
blinded randomized controlled trials are not immune to the same problems that burden non-

randomized controlled trials or observational studies. Confounding factors are never ruled out

2 As mentioned previously, it could be that the specificity criterion presents an inadequate criterion
considering the etiology or pathophysiology of CNCDs so the specificity criterion is better taken as
optional or a relic of a once influential view in medicine that is not so well adapted for present purposes.
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unless we have sufficiently large groups in the study which, of course, we never have (what
would that be?). Another common problem is that scientists sometimes decide to measure
surrogate outcomes instead of the desired ones — for example, instead of measuring how much

mortality is reduced, scientists decide to measure some other variable they find convenient.?*

How can the knowledge of mechanisms provide the epistemic and metaphysical
grounds to infer causal claims from associational relations? Similar to Weed and Hursting’s
discussion in their (1998), | identify three ways in which the evidence of mechanisms can
provide the rationale for the conclusion that the correlation is causal, and therefore, provide a
causal explanation of the correlation. The first way, and the strongest form of the mechanistic
stance, requires knowledge of the actual, real mechanism that underwrites the causal
connection between A and B. This form of the mechanistic stance would claim that it is not
enough that there is a plausible or possible mechanism or that there are several plausible and
possible mechanisms. We are in position to offer an explanation and give predictions only
when we know the actual mechanism responsible for the phenomenon. This kind of argument
is usually propounded by the new mechanistic philosophers. For example, Machamer, Darden
and Craver (2000), Woodward (2002) and Craver and Darden (2013) repeatedly make such
claims: “However, if one’s goal is to control, explain, and/or predict how a mechanism will
behave under the widest variety of conditions, one requires more than a mere how-possibly
schema. For those purposes it is often crucial to know how the mechanism really works”
(Craver and Darden 2013: 34, emphasis added). A causal claim or hypothesis, in that case, will
be justified or warranted when the mechanism that produces or is responsible for the
phenomenon is identified - meaning that all components (and their properties, activities, and
interactions) and their causal, spatial, and temporal organization are identified and understood.
This amounts to the claim that to make a causal hypothesis in biomedicine it is not enough to
have sufficient evidence that something works, rather we must know how it works and that

indeed it does work in that manner.

However, the demand for a singular mechanism underlying an association cannot be
universally applicable. This will be a matter of empirical investigation rather than a theoretical
presumption. It is not that uncommon that X and Y are causally connected by several different

mechanisms. For example, in his (1999), Thagard discusses how the medical community came

2 See Howson and Urbach (1993), Worral (2002), and Howick (2011) for detailed discussions on these
issues.
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to accept that H. pylori causes ulcers. To accept this causal claim scientists gathered both the
statistical, difference-making evidence of the presence of bacteria in patients with gastric ulcers
and the mechanistic evidence that explained how the bacteria cause ulcers and how it is possible
for it to survive in the inhospitable environment of the stomach. But this is not the only
mechanism by which gastric ulcers can arise. Nearly 20% of all ulcers are caused by non-
steroidal anti-inflammatory drugs such as aspirin, ibuprofen, or naproxen and 1% of ulcers are
actually the result of the Zollinger-Ellison syndrome where the body produces excessive
amounts of acid. In addition, a lot of people carry the H. pylori bacterium in their stomachs,
without getting gastric ulcers. Similarly, essential hypertension, as it was mentioned in previous
sections, can be caused by a number of mechanisms. What does an actual mechanism mean in
such a case? There are numerous mechanisms which lead to developing chronic high blood

pressure and it is quite possible that several of them can be simultaneously at work.

Hence, a less demanding reading of the mechanistic stance is perhaps more suitable.
Such a reading would require only that, presumably, there is some biological or social
mechanism which can form a link between the two variables that have been observed to
correlate. This is shown in the Figure 5 as the “Plausible mechanism M1” or “Plausible
mechanism M2”. We might know that there are several mechanisms which can plausibly
produce the effect but there might be no conclusive evidence as to which mechanism produces

the effect in general or produced the effect in a specific instance.

X (exposure) Y (outcome)

No plausible Plausible Mechanism
mechanism mechanism M3
M1, M2...

Figure 5. A simple representation of the three aspects of the mechanistic interpretation

of association between exposure and outcome.
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An even less demanding reading of evidence of mechanisms can sometimes be applied
to corroborate or discard a causal hypothesis. This would include negative mechanistic
inference where we either temporarily withhold judgment about whether the association is
causal since no mechanism has been found, or completely disregard the causal assumption
simply because no plausible mechanism is conceivable (Jerkert 2015). The first option is what
Broadbent has in mind when he claims that the mechanism for the operation of some risk factor
must be identified eventually: “Perhaps not immediately; but if in the fullness of time no
mechanism is identified, the credibility of the hypothesis will suffer”” (Broadbent 2011: 49). A
nice illustration of the second option, that is, the “no plausible mechanism” solution, is
Thagard’s example of homeopathic medicine. Homeopathy’s assertion that mild doses of drugs
diluted in water have therapeutic effects conflicts with everything we know about chemistry,
biology, and physics. Simply, there are no plausible mechanisms which could make the
homeopathic preparations effective in treating or preventing diseases.

According to Russo and Williamson (and Illari (2011) too), evidence of mechanisms is
also insufficient on its own to make a conclusive causal claim in medicine. Consider again the
example of multiple mechanisms in the development of hypertension. Even if we find a
mechanism which potentially can bring about the outcome this does not imply that it indeed
brings about the specific outcome. There could always be another mechanism which produces
the outcome — in other words, mechanistic explanations are prone to the masking problem.
Also, there could be several different mechanisms for the development of hypertension at work
at the same time. How much of the effect then is due to a particular mechanism? Furthermore,
the very same mechanism which produces an outcome or increases the value of an outcome
variable can in different setting prevent or decrease its value. For example, Steel (2008)
mentions the simple example of exercise and weight loss. Exercising leads to the burning of
calories and therefore, weight loss, but at the same time it raises one's appetite which again
leads to a higher intake of calories. By observing the behavior of a mechanism in one setting
we cannot have a ready-made answer to how it will behave in another setting. Although

oversimplified, similar examples are regularly present in various biological mechanisms.

Although a simple argument, RWT ignited a lively and interesting debate in the
philosophy of medicine (but science in general too) with some of the authors agreeing to some
extent (e.g., Illari 2011, Gillies 2011, Claveau 2012, Clarke 2013) while others have argued
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that it is plainly wrong (e.g., Howick 2011a, Reiss 2012). So, is RWT a plausible thesis? If we
take RWT in its strong reading, it is evidently wrong both as a descriptive and normative thesis.

Descriptively, RWT just does not reflect scientific practice in medicine. It does not
reflect that there are different questions concerning etiology and pathogenesis of diseases
which require different explanations and evidence. Concerning treatments, on the other hand,
there are numerous causal claims in medicine taken as conclusive even though they have never
been tested by RCTs (e.g., defibrillation as the procedure for resetting a dysrhythmic heart) or,
where the exact mechanism has not been found (the use of lithium for the treatment of bipolar
disorder, or the use of aspirin until the 1970s).

As a normative thesis, however, RWT fails for the reasons | have explained in the
previous section. First, it does not recognize etiological vs. pathogenic aspects of disease
causation. Does the incidence of skin cancer in the Mediterranean vacationers from Belgium
versus the ones that do not go there matter for the scientists trying to come up with an
explanation of the pathogenic processes occurring in skin cancer? Of course, one could argue
that we would not know that unprotected exposure to strong UV radiation causes skin cancer
if we did not have the epidemiological evidence in the first place. The same goes for numerous
other etiological relations between the exposure and the outcome. But, again, these are not the
same questions. In addition, considering its practicality, taking RWT as a normative thesis
would have delayed numerous treatments and health policies for decades. Considering the
amount of observational evidence in favor of the claim that smoking causes lung cancer that
we have had for decades, it was not that long ago that we have come to understand which
carcinogens are present in cigarette smoke and how they cause lung cancer. There are numerous
examples from medical science where the mechanism underlying a causal association has been
unknown for decades, yet we have exploited the association to satisfy some health-related ends.
Uses of aspirin or lithium in medicine are good examples where the mechanisms of action were
completely unknown for some time, but their beneficial effects were well-established and more
importantly exploited for positive patient-relevant outcomes. Eventually, we have come to
understand the mechanism by which aspirin has its analgesic effects and there are several
proposed mechanisms of action of lithium in the treatment of bipolar disorder. But the need to
find the mechanisms grounding causal associations before such associations can be used for
medicinal purposes would is too demanding a condition when we know that the stakes of

medicine are the highest. Aspirin was doing a good job of relieving pain before we had any
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idea how exactly it does that. We did not observe any counter-indications and it would then
seem irresponsible not to use it to treat headaches. You do not need to know anything about
the internal combustion mechanism of car engines to know that turning a key, ceteris paribus,
starts the car engine. We knew that aspirin on a population level relieves people of pain and
have exploited that association. But we could not give an explanation why it did not work in
some individual cases. On the other hand, some mechanisms are so plain and simple that so
scrutinize our predictive capabilities about their behavior with trials seems unnecessary (or
sometimes completely ethically unacceptable). Defibrillation of a dysrhythmic heart as a
treatment procedure was never put under any test of clinical trials but no one insists it must be

trialed to use it as a medical intervention.®

In recent papers taking notice of such criticisms, Russo and Williamson have loosened
their conditions about the necessity of having both the evidence of difference-making and
mechanisms (especially in Williamson 2019). The relaxed version of RWT drops the
descriptive part of the thesis but still imposes strong normative considerations. The relaxed
version of RWT has some argumentative weight. According to Williamson, medical
professionals are far more ready to assess any causal claim if they have both types of evidence
and RWT, should in such cases be considered as a complete medical causal epistemology. At
first, this does seem to be a reasonable statement. Associations or correlations are population
level relations. But they do not arise out of nowhere: no epidemiologist would deny this. They
are grounded in the workings of underlying biological mechanisms. Yet our knowledge of
mechanisms which supposedly ground associations is often partial. Even if we have almost
complete descriptions of mechanisms, we cannot theoretically disregard the option that at least
some of them behave stochastically and, as | have showed, that multiple mechanisms can and
often do lead to the same outcome. Therefore, even if we know a lot about how some
mechanism is constituted and how it works, we search for the difference-making evidence for
at least three reasons: (i) to corroborate that this mechanism is indeed capable of producing the
outcome, (ii) to have information about how much of the outcome varies due to the mechanism
in question, and (iii) to find out how much of the outcome in the population under study is

indeed produced by the given mechanism. Consider again scientists trying to understand the

% The mantra of EBM-ers “if it wasn't clinically trialed, it isn't evidence” was mocked in, for example
“Parachute use to prevent death and major trauma related to gravitational challenge: systematic review
of randomized controlled trials” by Smith and Pell (2003) and “Parachute use to prevent death and
major trauma when jumping from aircraft: randomized controlled trial” by Yeh et al. (2018).
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pathogenic processes induced by cigarette smoke. To understand how, in general, carcinogenic
chemicals in cigarette smoke cause lung cancer only (i) seems to be informative. Once we have
a mechanistic explanation connecting smoking and lung cancer we would like to know (ii) and
(iii), but they are not necessary for such an explanation. Even if such a mechanism is indeed
capable of producing the phenomenon, it does not need to do it in any of the cases of lung
cancer, no matter how far-fetched such a case would be. Therefore, (ii) and (iii) are evidence
of population level causal relations and they tell us that, rather than how, a mechanism produces

a phenomenon to the degree it does in a population.

1.6. Mechanistic reasoning and medical treatments

The history of medicine is full of examples of treatments based on pathophysiological
rationale, but which had, in the end, negative effects or even terrible consequences. One does
not need to try hard to find these examples. Bloodletting and leaches were used as medical
treatments throughout the 19" century and justified by mechanistic reasoning and mechanistic
explanations of phenomena. Mercury was used in the form of ointments to treat syphilis, but it
caused numerous patients to develop serious metal poisoning with often lethal consequences.?®
As mentioned before, the lack of an identifiable mechanism linking cause and effect, in some
cases delayed an effective treatment or preventive strategy (for example, in Semmelweis’s
case). Failed predictions of medical interventions based on mechanistic reasoning continued
long into 20" century. In his (2011a), Howick compiled numerous examples of failed
mechanistic reasoning in the 20" century medicine. These examples show (i) how causal claims
based on mechanistic evidence suggested positive outcomes of treatments while clinical trials
revealed them as either ineffective or harmful, and (ii) cases where mechanistic reasoning
delayed the acceptance of treatment based on the population trials because the mechanism was

not yet identified.

Howick specifically discusses the use of antiarrhythmic drugs throughout the 1970s and
1980s for the treatment of arrhythmias in patients who had survived a heart attack. At the time,
the mechanisms involved in the pathophysiology of arrhythmias and behind the development

of antiarrhythmic drugs were thought to be well understood and these drugs were put into use

% The expression “One night with Venus, a lifetime with Mercury” comes from the use of mercury
compounds to treat different venereal diseases, especially syphilis.
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before any serious clinical trial had been performed. Later clinical epidemiological research
revealed that these drugs increased rather than decreased mortality. Howick in his (2011a)
quotes several studies which estimated that, worldwide, these drugs have killed more people
than were killed in action during the whole Vietnam war. In her (2012), Andersen discusses an
example of the administration of prophylactic paracetamol with infant vaccination. The
mechanistic reasoning behind the administration of both treatments simultaneously indicated
that these mechanisms should not interfere, that is, there were no known causal pathways that
these mechanisms could share. However, the trials suggested that these mechanisms indeed

interfered and resulted in compromised disease immunity.

Biological hypotheses are constantly changing, improving, or being abandoned. What
holds today will not necessarily hold tomorrow. The take-home, as often stated, is that we
should not make predictions about the efficacy of medical treatments based on biological
knowledge — mechanistic reasoning. This constituted much of the rationale governing the
emergence of EBM at the beginning of the 1990s and the rise of its popularity until, eventually,

it became the primary medical evidential framework in the 21% century.

However, not all failures of mechanistic reasoning led to undesirable and tragic
consequences. Some of them were in fact quite serendipitous discoveries. | present in this
section the case of the administration of sildenafil citrate to treat erectile dysfunction. The
compound was developed as an intervention into the NO-cGMP causal pathway to treat angina
pectoris and hypertension. Although it failed to produce desirable effects in treating angina
pectoris and hypertension, it was discovered to have other beneficial effects, and remains one

of the most financially beneficial pharmaceutical discoveries to this day.

Here is a brief history of the research on the NO-cGMP pathway and the intervention

into the pathway by the compound sildenafil citrate.

Immediately following the discovery of cyclic adenosine monophosphate (CAMP) in
1958 scientists presumed that there could also be other cyclic nucleotides involved in different
cellular regulatory processes and pathways. Cyclic guanosine monophosphate (cGMP) was
first synthesized in 1960, and in the following years the existence of endogenously produced
cGMP was confirmed from rabbit urine (Kots et al. 2009). These studies also indicated that
cGMP could be degraded by the same type of enzymes responsible for the degradation of

CAMP. In the next 10 to 15 years, researchers discovered that cGMP levels are regulated by
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the enzymes guanylyl cyclase and phosphodiesterase. By the 1980s, scientists researching the
behavior and properties of smooth muscle cells and endothelial cells in bringing about smooth
muscle relaxation had identified several molecules that figure in this mechanism (such as

soluble guanylate cyclase (sGC), cGMP, and different types of phosphodiesterase).

In the meantime, a group of researchers centered around Robert Furchgott found that
vasodilation, that is the relaxation of blood vessels, is in some way dependent on a factor
derived from endothelium. But what that factor was remained unknown. Hence, it was labeled
as endothelium-derived relaxing factor (EDRF). In the meantime, Ferid Murad and his group
had found that nitroglycerine activates an enzyme important for the synthetization of cGMP.
Simultaneously, Murad and Louis Ignarro suspected that EDRF could be a nitrate and that this
factor increases the cGMP synthesis. Finally, both Murad and Ignarro independently identified
that EDRF was, in fact, nitric oxide (NO). This discovery was quite surprising since it was not

suspected that NO could be produced endogenously.
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The causal pathway issuing in the relaxation of smooth muscle cells and, therefore,
vasodilation, was now complete. NO is formed from amino acid _-arginine by nitric oxide
synthase. In the corpus cavernosum (the sponge-like erectile tissue in the penis), NO is formed
in the cavernosal nerves and then diffuses along the erectile tissue. It activates soluble guanylyl
cyclase which in turn forms cGMP. cGMP in turn binds to and activates protein kinase G
(PKG). This activation of PKG results in a number of chemical reactions leading to a decrease
of levels of calcium which eventually result in smooth muscle cell relaxation. Finally, as hinted
above phosphodiesterase (PDESs) were identified as a group of enzymes which can activate the
degradation of cGMP if its levels are too high. In pathological states, however, where cGMP
levels are below ordinary, and the degradation of cGMP by PDEs has negative effects since
blood vessels cannot widen to allow for better blood flow.

However, the admission of nitrates in order to raise the level of cGMP proved
ineffective because of the decrease in response after prolonged administration. Scientists,
therefore, had to look for an alternative approach, one which would avoid this problem. Soon
afterwards, a PDE enzyme was recognized as an optimal target. Since PDE5 enzyme
specifically degrades cGMP, inhibiting its action would allow for the dilation of blood vessels.
This is not the case for other PDEs, since, for example, PDE1 and PDE2 degrade both cAMP
and cGMP. Following this rationale, PDE5 was chosen as the target of intervention. The
development of a compound which could bind to PDE5 and prevent it to degrade cGMP shortly
followed the above presented discoveries of mechanisms and molecules involved in the
physiology of the cardiovascular system and the pathology of hypertension and different
cardiovascular diseases. Finally, the chemical compound sildenafil-citrate (UK 92,480) was
first synthesized in Sandwich laboratories of Pfizer in United Kingdom in 1989 (Ghofrani et
al. 2006). Preclinical trials showed promising results, and the compound finally entered clinical
trials in 1991.

In these first clinical studies, from 1991 to 1992, researchers found that sildenafil citrate
had limited results in lowering blood pressure. In addition, it interacted with nitrates, which
were usually administrated to patients with angina, and this led to a noticeable decrease of
blood pressure in some cases (Osterloh 2004). Furthermore, admission of sildenafil citrate had
another effect, which, at the time, was considered as an adverse effect — penile erection.
Because of the study population containing young healthy males and having limited

predictability of its adverse effects in middle aged population with comorbidities such as
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diabetes, researchers were wary of exploring this potential new use of the compound (ibid).
Nonetheless, the penile erection effect of sildenafil citrate was something worthy of
investigating further. By late 1993, a new set of clinical studies was undertaken, but now with
the new outcome of interest. Finally, by 1998 Pfizer applied for FDA and EMEA (European
Medicine Evaluation Agency) registration of a new drug, named as Viagra, and both agencies
approved it in the same year (Ghofrani 2006). To this day, Viagra remains one of the most sold
and prescribed drugs in the world. Although very sound at the moment, positive patient

outcomes of Viagra were discovered only after a failed instance of mechanistic reasoning.

Certainly, contemporary medicine values the knowledge of biological mechanisms.
Most of our treatments have come and still come from the investigations of basic sciences. But,
on the other hand, contemporary medicine disvalues its predictive power. In the medical
literature, this claim is a conclusion of enumerative induction — mechanistic reasoning has
failed numerous times in the past, and most likely, it will continue to do so. In the rest of this
dissertation, | will offer a philosophical analysis of mechanisms in medicine and mechanistic
reasoning in order to answer the following questions: (i) what is a mechanism, (ii) what is a
mechanistic explanation of a phenomenon, (iii) what, exactly, does mechanistic reasoning
amount to, (iv) why does it fail so often, and, finally, (v) how and when can mechanistic

reasoning be of a good quality.
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2. MECHANISMS IN MEDICINE: EXPLANATION

Abstract

In this chapter, | discuss mechanistic philosophy and its core commitments in the
context of explanations of biological and biomedical phenomena. The chapter is structured as
follows: after presenting a general introduction to the ideas and arguments that influenced the
rise of mechanistic philosophy in 1990s, | argue that mechanistic philosophy is constituted of
three theses — an ontological, an epistemological, and methodological thesis. Next, | discuss
what those theses amount to in the medical sciences and practice. In the final two sections of
the chapter, | propose and discuss my view on the following issues: (i) the relation between
ontological mechanisms (the supposed real mechanisms in nature) and their representations
(models of mechanisms); (ii) the criteria for a good mechanistic explanation, and finally; (iii)

how are diseases qua dysfunctions explained within the mechanistic framework.
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2.1. Introduction: “The New Mechanistic Philosophy”

The concept of mechanism has been discussed in philosophy since at least the 17
century. The mechanistic view of nature was influenced directly by the incredible achievements
of scientists like Descartes, Boyle, and Newton. The view of mechanical interactions between
bodies as the cause of natural phenomena became the principal view of nature itself — nature
was mechanized. Since then, mechanisms have been sporadically discussed in philosophy. For
example, Simon (1962), Kauffman (1971) and Wimsatt (1976) were the forerunners of the
modern mechanistic philosophy and most of the core ideas of the modern mechanistic
philosophy were already introduced in those papers. For example, Wimsatt writes: “At least in
biology, most scientists see their work as explaining types of phenomena by discovering
mechanisms, rather than explaining theories by deriving them from or reducing them to other
theories, and this is seen by them as reduction, or as integrally tied to it” (Wimsatt 1976: 671).
However, not until the early 1990s had mechanisms entered the focus of mainstream
philosophy of science. There are several important lines of thought that influenced the rise of
mechanistic philosophy in the 1990s: Salmon's ontic conception of explanation (1984), the shift
of focus of philosophy of science from physics to special sciences, announced in papers by, for
example, Herbert Simon (1962), Stuart Kauffman (1971), and William Wimsatt (1972, 1976),
arguments against the regularity theory of causation and the logical positivist account of laws
(Cartwright 1983, Salmon 1984), and arguments for the autonomy of the special sciences (for
example, Kitcher 1984).

By the 1990s and early 2000s philosophers of science (e.g., Bechtel and Richardson
1993/2010, Glennan 1996, 2002, Machamer, Darden and Craver 2000 (hereafter MDC 2000),
and Bechtel & Abrahamsen 2005) started arguing that causal explanations in the life sciences
predominantly use the concept of mechanism rather than law of nature. In their often-quoted
paper, Bechtel and Abrahamsen begin by noting that the notion of “law” in scientific papers
from different fields of biology is almost completely absent when explanations of phenomena
are considered, and rarely if ever mentioned in any other context (e.g., prediction). But, as these
authors claim, looking closely at the literature in biology and its subfields, a rather different
concept emerges. They write: “Perusing the biological literature, it quickly becomes clear that
the term biologists most frequently invoke in explanatory contexts is mechanism” (Bechtel and
Abrahamsen 2005: 422). Some have labeled the shift in focus of philosophy of science to

mechanisms and causes rather than laws of nature as the methodological turn in the philosophy
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of science since it changed the way philosophy of science was conducted and it perhaps
changed our perspectives of what the goals of the discipline itself ought to be. In that regard,
H.K. Chao et al. write: “That means what really matters to philosophers of science, and what
philosophical discussions should be based on, is what scientists actually do and how they do it
rather than philosophers’ visage of what science is and how scientists should do it” (2013: 1,2).
It is this bottom-up methodology that so nicely characterizes the new mechanistic turn in
philosophy of science. Rather than discussing what the notions and concepts from science mean
and how scientists should shape their research and explanations on the basis of prior
philosophical clarifications, mechanistic philosophers turned their attention to scientific
practice in order to shape their own line of research. In his foreword to the latest and the most
comprehensive volume on mechanistic philosophy, Wimsatt states that this methodological
turn means “to take the work and claims of scientists seriously, and to look at what they can
bring to philosophy rather than to suppose that the primary mission of philosophers is to bring

edification to scientists” (Wimsatt 2018: xvi).

In that regard, biologists, according to mechanistic philosophers, describe causal
relations leading to or producing a phenomenon rather than deducing the phenomenon from
initial conditions and laws of nature. Craver formulates this in the following way: “In an
explanatory text, the explanandum is a description of the phenomenon and the explanans is a
description, or schema, of a mechanism” (Craver 2007a:139). Biologists, then, explain a
phenomenon by describing it as a product of a certain biological mechanism or as if a
phenomenon itself is a mechanism (that is, rather than producing a phenomenon, a mechanism
is constitutive of a phenomenon). The explanation of a biological phenomenon is not a
deductive argument where the explanandum is deductively inferred from the premises and laws
of nature, nor it is a matter of providing a unifying account of a range of different phenomena.
Rather, is it a description of a causal structure — a mechanism — responsible for the
phenomenon. The phenomenon is explained by providing an account of the inner workings of
such a mechanism and of how the mechanism’s parts and its overall organization bring about

the phenomenon.?

Since the 2000s, however, mechanisms have been discussed in different areas of

philosophy. They have been discussed in philosophical accounts of causation, explanation,

2 | will present and discuss mechanism's function and phenomena in more detail in section 2.5.2. For
now, consider a phenomenon as whatever the end product of a certain mechanism is.
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prediction, confirmation, and in the realism/antirealism debate in philosophy of science. The
widespread appeal and reference to mechanisms across philosophical discussions, as well as
the high convergence of ideas on mechanisms in these discussions, has led some to consider
that, by now, we can claim that there is a distinct and consistent philosophical view, ranging
from philosophy of science to metaphysics and epistemology — “The New Mechanistic
Philosophy”.?® For example, at the beginning of the third chapter of his book from 2017
Glennan argues that the philosophy of the “New Mechanicism” is not just an account of a
particular kind of explanation found in biological sciences but it has rather evolved into a
general philosophical position or a worldview on what and how the world is and how the
sciences try to grasp it and explain it. In that regard, Glennan writes, “The New Mechanical
Philosophy is both a philosophy of nature and a philosophy of science. It tells us something
about how the world is, as well as something about how we, particularly through the methods
and institutions of science, may come to know that world” (Glennan 2017: 59). But the concept
of a mechanism from “The New Mechanical Philosophy” diverges from the one that Salmon
used. Glennan (2002) is perhaps most explicit in his view of the difference. He writes:
“Salmon/Railton mechanisms are sequences of interconnected events while complex-systems
mechanisms are things (or objects)” (Glennan 2002: S345). Salmon’s mechanisms are
processes while Glennan’s mechanisms are things; Salmon’s causal processes expand into a
causal network, while Glennan’s mechanisms are like “chunks”, in some way divided from

their environment, and with sometimes more and sometimes less apparent boundaries.

So, what are the mechanisms of “The New Mechanistic Philosophy”? Let us consider
the three most-cited definitions of mechanisms from the philosophical literature. Although
different in some respects, these three definitions of a mechanism have become a somewhat
canonical in mechanistic philosophy. They have enough in common to unpack three main

features or characteristics of mechanisms that all mechanists can agree upon.*°

Mechanisms are entities and activities organized such that they are productive of
regular changes from start or set-up to finish or termination conditions.
Machamer, Darden, and Craver 2000, 3

# The term first appeared in an article by Skipper and Millstein (2005).
% For present purposes | will only present these preliminary observations of mechanisms and
mechanistic philosophy. I will discuss them in a more detailed manner in the following sections.

73



A mechanism for a behavior is a complex system that produces that behavior by the
interaction of a number of parts, where the interactions between parts can be
characterized by direct, invariant, change-relating generalizations.

Glennan 2002a, S344

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.

Bechtel and Abrahamsen 2005

The first feature that all mechanists agree upon is that mechanisms are presumed to be
complex causal structures in the sense that they are “compounds”, which are “composed of
simpler things” (Glennan 2017: 19).3! Usually two kinds of components are thought to
constitute any mechanism: component parts (a finite number of constituent entities or working
parts) and component activities (or interactions between parts). The second feature of
mechanisms (and the most distinctive contribution of mechanistic philosophy) is that their parts
and activities (and/or interactions) are organized so that they (regularly) produce a
phenomenon. The organization of parts and their causal relations is what makes these systems
distinctively “mechanistic”. It is the organization that separates mechanistic systems from
aggregative systems. If either parts or activities were organized differently, then they would no
longer produce the same effect. A different organization leads to either no production at all or
the production of different effects. For example, consider an airplane. There is some specific
organization of its component parts and their interdependent causal relations that all together
make the airplane capable of flying. There can only be minor variations in this organization.
Usually, organization includes spatial, temporal, and causal organization: among other things,
these include the distributions of parts within the mechanism, temporal orders of their causal

relations, and different signaling relations such as feedback and feedforward signals. It is

31 What is the difference between systems and mechanisms? lllari and Williamson (2012) argue that
complex systems imply a rigid organization while mechanisms, as they conceive them, are more flexible
and open to adjustments as they continue to work. A system is composed of different mechanisms, that
is, mechanisms are instantiated in systems. For example, the circulatory system in mammals is
constituted of numerous mechanisms (the mechanism for vasodilation and vasoconstriction being just
one of many). The majority of (or perhaps all) mechanistic philosophers accept this particular relation
between systems and mechanisms when those two are considered together.
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because parts and their activities and interactions are specifically organized that mechanisms

exhibit “orchestrated functioning”.

The third feature is not constitutive of a mechanism, but it is equally important in its
own right. Mechanisms are not mechanisms simpliciter. They are sometimes considered to
“perform functions”, and sometimes as “mechanisms for a behavior” (Kaufmann 1971,
Glennan 1996, 2002, Craver 2007a, Garson 2013).%2 A heart is a complex system for pumping
blood. An airplane is a mechanism for flying.*® So mechanisms ought to underlie regularities.
However, this is not the only way mechanisms have been conceived. loannidis and Psillos
(2018) recognize that there are two different ways mechanisms have been discussed so far:
“mechanisms-for” which correspond to the causal structures underlying regular behavior, and
“mechanisms-of” which correspond to Salmon’s causal-mechanical explanations and
Glennan’s ephemeral mechanisms (2010, 2017).3* loannidis and Psillos claim that
“mechanisms-of” mechanisms are the underlying causes responsible for one-off events. It is
just a causal process connecting cause and effect. Here, however, | will concentrate mostly on
their “mechanisms-for” conception of mechanisms since it is this conception that mechanistic

philosophers usually think of when they talk about mechanisms from the life sciences.

Many mechanists (especially Glennan and Illari and Williamson) argue that the concept
of mechanism has a wider reach than being merely an explanatory framework of special
sciences. For these mechanistic philosophers, “mechanism” is an ontological view of a world
populated by mechanisms. Mechanisms, as these are described by mechanistic philosophy and
science, underlie almost all of the phenomena in the world (excluding some phenomena from
fundamental sciences): from volcanos as mechanisms for spewing lava to mechanisms

underlying our Solar system or even natural selection. In order to account for all these intuitions

% Garson in (2018), however, argues that phenomena should be considered as being constitutive of
mechanisms (in the same way that entities, activities, and organization are) and not something only
incidental to them.

% Interestingly, some philosophers now call this Glennan's law since he was the first to emphasize it.
According to Hlari and Williamson (2012), the term Glennan's law was first used by Darden and Craver
in a conference in Kent in 2009.

% “On the other hand, there are certainly processes involving entities that engage in activities and
interactions that produce some phenomenon, but where that process is not systematic or repeatable. To
the extent that these mechanical processes are not systematically organized, they are instances of what
I call ephemeral mechanisms” (Glennan 2017: 27).
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about mechanisms and mechanistic explanations, Illari and Williamson, followed by Glennan,

propose a minimal conception or definition of mechanism:
MINIMAL MECHANISM:

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: 120

A mechanism for a phenomenon consists of entities (or parts) whose activities and
interactions are organized so as to be responsible for the phenomenon.
Glennan 2017: 17

As said, this minimalist view of mechanisms is shaped by the ontological motivations
of some mechanistic philosophers (Bechtel would probably be one of the mechanistic
philosophers sitting on the opposite side of the ontological table in this debate). Does the notion
of mechanism then become vacuous and over-permissive? This is certainly an interesting
question, but I will leave it for the later sections of this chapter. The problem, I believe, emerges
if one attempts to give a rich ontological framework with the concept of mechanism at its
foundation rather than make claims about the epistemological and methodological
commitments of the life sciences. However, unless explicitly stated, 1 will use these two
definitions when discussing mechanisms as they are supposed to be found in nature. Illari and
Williamson claim their definition is a consensus, and Glennan proposes his own although he
acknowledges that it has been influenced by Illari and Williamson’s definition and their

argument for finding a consensus definition of mechanisms in the first place.

2.2. Three Theses of “The New Mechanistic Philosophy”

Mechanisms are used and discussed in different ways in different areas of philosophical
research: as a type of causal structure or metaphysical entity (for example, as an artifact, a
machine, or a biological structure); as certain configurations of entities individuated by their
causal organization; or as a type of explanatory and methodological practice in sciences.
Philosophers talk about mechanisms of neurotransmitter release (Craver 2007a). They argue

for a mechanistic interpretation of natural selection (Barros 2008) or a mechanistic
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interpretation of solar system eclipses (lllari and Williamson 2012). That is, mechanisms are
discussed in almost all of the traditional topics of philosophy of science. Many philosophers
have noticed then that there are different senses of the term mechanism used in these
discussions and that we should make these senses explicit. For example, Woodward (2013)

writes:

An obvious worry raised by arguments over whether there are non-mechanistic forms
of explanation, either in biology or elsewhere, or whether all biological systems are
‘machine-like’, is that such disputes are (or threaten to become) largely terminological
or semantic — the answer depends on what is meant by ‘mechanism’, ‘mechanical

explanation’, and so on, and these are notion without clear boundaries.

Woodward 2013: 40

It is often covertly assumed in the mechanistic literature that there is a clearly
understandable use of the term mechanism across the sciences. So, for example, when biologist
talk about the mechanisms of protein synthesis, when economists talk about the market
mechanisms, when geologists talk about the mechanisms of plate movements, and so on, they
all refer to one and the same concept.®® But contrary to what the prime motivation of the
mechanistic methodological turn in philosophy of science is, Lenny Moss observes that this
implication of mechanistic philosophy is not so straightforwardly revealed in the practice and
theory of the different sciences. Contrary to a general view of mechanistic philosophy, Moss
insightfully observes that “[t]here is no place in an undergraduate course curriculum where, for
example, a student is instructed as to the ways in which the term ‘mechanism’ means something
different in the context of a chemistry laboratory versus that of a biology laboratory, nor would
a full grasp of this distinction be easily conveyed to a lay person” (Moss 2012: 165). There is
simply no univocal or clearly understandable meaning of mechanism even within the same

scientific field, let alone across different sciences.

Furthermore, it seems that scientists in biology and biomedicine often use other causal
concepts such as systems, causal or biochemical pathways, cascades, triggers etc., and these
sometimes coincide with the meaning of mechanism is in the philosophical literature while

sometimes they, arguably, mean different things. Therefore, some authors have argued that the

% After all, this is what guides Illari and Williamson's proposal for a consensus view on mechanisms
mentioned in the previous section.
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notion of mechanism does not adequately capture all the peculiarities of these other notions as
they are used by biological and biomedical scientists (Boniolo and Campaner 2018, Ross
2020). Ross, for example, claims that causal pathways (e.g., developmental, gene expression,
metabolic, anatomical, or ecological pathways) differ from mechanisms. A causal pathway, as
she argues, refers “to a sequence of causal steps that string together an upstream cause to a set
of causal intermediates to some downstream outcome” (Ross 2020: 137). Ross argues that the
concept of causal pathway tracks the flow of some entity or signal through a system. By doing
S0, it intentionally and significantly abstracts causal details and emphasizes “the ‘connection’
aspect of causal relationships™ rather than the organization, the fundamental aspect of any
mechanism (Ross 2020: 139). A single pathway, then, can be instantiated in different
mechanisms (e.g., NO-cGMP pathway in both smooth muscle cells and in the retina). Craver
and Darden (2013), Bechtel (2019), and Brzovié¢, Balorda and Sustar (2021) have discussed the
relation between pathways and mechanisms in terms of constructing mechanistic explanations,
and the explanatory virtues and priorities of these concepts. Nonetheless, prior to these
discussions, mechanistic philosophers do need to address Moss’s argument that it is
mechanistic philosophers’ unfounded assumption that when that notion is used in the sciences
it always refers to one and the same explanatory, methodological, or metaphysical thing. I1f one
really wants to state what referring to “mechanism” means in different sciences, perhaps the
most accurate meaning after all is that of a cause or a causal sequence. All other meanings,

then, are added by the philosophical analyses.

In his (2012), Daniel Nicholson presents another notable attempt to resolve the apparent
ambiguity of the notion of mechanism in philosophy. Nicholson identifies at least three
different senses of the notion that are interchangeably used by philosophers. The first sense is
what Nicholson labels as Mechanicism. He defines this as a philosophical thesis underlying
mainstream biological sciences since at least 17" century. This is a thesis that “conceives living
organisms as machines that can be completely explained in terms of the structure and
interactions of their component parts” (Nicholson 2012: 153). The main desiderata of
Mechanicism are the “ontological continuity between the living and non-living”, the analogy
to man-made machines and “the commitment to reductionism in the investigation and
explanation of living systems” (Nicholson 2012: 153). The second sense is Machine
mechanism. This is more of a methodological and explanatory stance taken by the proponents
of Mechanicism. It is a stance used “to describe machine-like systems, or rather, systems

conceived in mechanical terms; that is, as stable assemblies of interacting parts arranged in
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such a way that their combined operation results in predetermined outcomes” (Nicholson 2012:
153). The third sense is Causal mechanism, where a phenomenon is explained by specifying a
step-by-step sequences of causes that gives rise to it.*® Causal mechanism in this sense
resembles Salmon's ontic explanation of causal structures in the world: “Causal processes,
causal interactions, and causal laws provide the mechanisms by which the world works; to
understand why certain things happen, we need to see how they are produced by these
mechanisms” (Salmon 1984a: 132).%" It does not imply that there are specific kinds of causal
structure which are “mechanisms” as distinct from, for example, the networks of some kind of
difference-making relations like a network of counterfactual conditionals, a network of

intersections of Salmon’s causal processes, or something else.

Both Nicholson's and Moss’s discussions of a concept of mechanism are interesting
contributions to the debate on mechanisms. Both papers were published when “the mechanism
craze” in philosophy was at its height and both papers failed to ignite a serious response from
“the mechanists”. Similarly, | argue that there are three different theses constituting “The New
Mechanistic Philosophy”. First, mechanisms refer to a productive, causal structure underlying
phenomena, regularities, and functions. That is, mechanisms are real things or objects in the
world. Second, mechanisms refer to an explanatory notion, a distinct type of scientific
explanation found across the life sciences (as well as in other sciences). The third thesis is that
mechanisms refer to a specific methodology of scientific inquiry. My distinction of mechanistic
philosophy into these three theses is influenced and very similar to a distinction made by Levy
in (2013). Levy also argues that there are three different theses of “mechanism” which can be
interchangeably found in “The New Mechanistic Philosophy” under the same notion. However,
rarely if ever are they clearly distinguished in the mechanistic literature. Although my view
converges with Levy’s, there are differences. Levy’s first thesis and my first thesis are different,
and although our second and third theses seem to be identical, | take my explication of the
theses to be more detailed and slightly more relevant concerning the particular issues in the

science and practice of medicine.

% Similar to Nicholson, lonnaidis and Psilos (2018) claim that the mechanistic stance is nothing more
nor less than providing an explanation of a phenomenon by citing its causes. They do not take that
commitment to the mechanistic stance or mechanistic explanation necessarily invokes the first two
Nicholson's senses of mechanism. I will present their view in more detail in section 2.5.1.

% It is because of this that Salmon's conception of a causal explanation which explains an event by
locating it in the causal structure of the world is also called the causal-mechanical account of
explanation.

79



The first thesis in Levy’s account is the thesis of Causal mechanism (CM), and he sees
it as a contribution to a discussion in metaphysics, particularly on causation, rather than in the
philosophy of science. It is a thesis usually associated with Glennan's work (1996, 2002, 2009,
2017), and it states that all causal relations (excluding those in fundamental physics, if
causation is found at all on that level) exist in virtue of underlying mechanisms. Williamson
offers a similar definition of a mechanistic theory of causality: “A mechanistic theory of
causality holds that [...] two events are causally connected if and only if they are connected by
an underlying physical mechanism of the appropriate sort” (Williamson 2011: 421). Levy
claims that Glennan offers a general theory of causation and as such it is a rival to other general
theories of causation (e.g., the regularity theory or counterfactual theory). It could be claimed
that, quite possibly, Glennan’s account is simply the only real contender for a mechanistic
theory of causation. Certainly, Glennan admits he intends to provide an analysis of causation
for all of its purported cases, excluding fundamental science. However, arguments could be
made that Machamer, Darden and Craver's (2000), and Machamer (2004) are accounts of
causation for biological sciences; that is, they are theories of causation of limited scope and

applicability.

Although CM is a thesis held by at least one philosopher I claim that there is another
thesis of mechanistic philosophy similar to the CM thesis though very much distinct from it.
The consequences of that thesis, however, | find to be far more relevant for the present
discussion. As far as | know, the majority of mechanistic philosophers deny that a plausible
general theory of causation can be developed through the concept of mechanism, yet they still
accept the ontological reality of mechanisms. That is, mechanisms, as described by true and
complete mechanistic explanations, exist as such in nature and therefore, mechanistic
philosophy accurately describes the ontological furniture of our world. Where the CM thesis
had only one advocate (that we can surely acknowledge), this thesis is present in almost all of
the works associated with the most eminent mechanistic philosophers. Craver, among other

mechanistic philosophers, is very explicit about this claim:

There are mechanisms (the objective explanations) and there are their descriptions
(explanatory texts). Objective explanations are not texts; they are full-bodied things.
They are facts, not representations. They are the kinds of things that are discovered and
described. There is no question of objective explanations being ‘right’ or ‘wrong, or
‘good’ or ‘bad’. They just are.

Craver 2007a: 27
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Mechanisms are out there. They produce phenomena. They can be studied and revealed.
It is the business of the sciences to find them and understand them. Let me then replace CM

with a thesis of the ontological reality of mechanisms — Ontological Mechanicism.
OM: Mechanisms that our sciences describe exist as real things in nature.

Scientific realism is a characteristic of mechanistic philosophy. Its influences in
mechanistic philosophy can be traced back to Salmon’s ontic conception of scientific
explanation and the view that a causal connection between an exposure and an outcome
requires identification of real and actual mechanism, not merely plausible or possible ones (or
some abstract entity). For example, Illari and Williamson argue that explanation of a
mechanism, if it is going to be explanatory at all, has to describe something real “out there”.
They write: “The mechanism itself is different from any model, schema or other description or
representation of that mechanism, and the mechanism itself is real” (Illari and Williamson
2011: 827). Mechanistic explanations are explanatory because they describe or represent real
mechanisms in nature. Whether causation can be understood through mechanisms or whether

mechanisms require a further metaphysical account of causation is a different question.

Carl Craver is commonly referred to as the most well-known advocate of the strong
reading of the ontic account of mechanistic explanation, while William Bechtel is usually
considered as the best-known advocate of the epistemic account. The distinction between ontic
and epistemic accounts of scientific explanations comes from Salmon’s discussion of the
differences between Hempel and Oppenheim’s “covering law” account of explanation (CL)
and Salmon’s causal-mechanical account. In Salmon’s conception of scientific explanation,
causal relations in the world just are the explanans, while the phenomena, which these causal
relations are responsible for, are the explananda. Causal relations explain the effect. Since an
explanation can be explanatory only if it reveals the underlying causal structure of our world,
Salmon takes such an explanation as an ontic conception of explanation. On the other hand, in
the CL account, an explanation is informative because of its logical structure and hence, for

Salmon, it is an epistemic kind of explanation.

Mechanistic philosophers have since applied the ontic/epistemic distinction and
terminology to the differing views on what exactly is explanatory in the mechanistic account
of explanation. That is, in this debate, the issue has been structured around the problem of what

does the explaining: the relations in the world that mechanistic explanation reveals or the

81



epistemic features of the mechanistic explanation itself? For Craver, mechanistic explanations
are explanatory because they explain accurately and in as much detail as possible the real,
ontological mechanisms, while for Bechtel, mechanistic explanations, although explaining real
mechanisms, are not identical to the mechanisms that they explain. Explanations of
mechanisms add certain epistemic features which ontological mechanisms do not possess.
These features — such as abstractions and idealizations — are added for the purpose of our
understanding the phenomenon. Without these, our understanding of how a mechanism works
is out of reach or is at least partial and insufficient. Ontological mechanisms, as advocates of
the epistemic conception of explanation claim, do not explain anything by themselves (i.e., as
they are in nature). Explanation is an epistemic category, not ontological or metaphysical. If
mechanistic explanation is to be ontic, as advocates of the ontic account of explanation claim,
the things it describes have to exist as such in nature. Following such a view, mechanistic
explanation becomes better and more informative when it describes its target mechanism more

accurately and in more detail; or so it is presumed.

Nonetheless, if we set this debate aside for a moment, most if not all advocates of the
epistemic approach to mechanistic explanation share the sentiment that what is described are
in fact the real mechanisms in nature. Bechtel, as the most well-known advocate of the
epistemic approach, writes in an article coauthored with Abrahamsen: “Our own approach is
to begin with a basic characterization of mechanisms as found in nature and then (see below)
elaborate it into a framework for mechanistic explanation” (Bechtel and Abrahamsen 2005:
423, emphasis added). Later in the text, they make further explicit ontological claims about
mechanisms: “mechanisms are real systems in nature, and hence one does not have to face
questions comparable to those faced by nomological accounts of explanation about the
ontological status of laws” (Bechtel and Abrahamsen 2005: 424, 425). Whether mechanisms
as they are described by mechanistic explanations exist in nature is far more important question
when assessing the further consequences of mechanistic philosophy than whether all causal

relations, excluding ones from the fundamental level, can be reduced to mechanisms.

This leads us to the second thesis of “The New Mechanistic Philosophy” - Epistemic
mechanicism (EM). EM is a thesis about the structure of scientific explanation, at least in the
life sciences. It means that scientists approach biomedical phenomena with a certain
explanatory framework that must be satisfied. For example, Darden writes: “When the goal is

to find what produces the phenomenon, then one searches for a mechanistic type of hypothesis”
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(Darden 2018: 256). EM is a thesis about what a good scientific (mechanistic) explanation in
the life sciences should. In other words, EM is both a descriptive and normative account of
scientific explanation. It possesses several metaphysical presumptions (about entities, their
causal relations, and part-whole relations, as discussed especially in Craver 2007a) but its goal
IS not an account of causation or an ontological account of mechanisms. It is a thesis about a

scientific explanation. Thus, the EM thesis can be defined as follows:
EM: Causal explanations in biological sciences are mechanistic explanations.

Levy recognizes two important aspects shared by the majority if not all EM accounts
(e.g., MDC 2000, Glennan 2002, Bechtel and Abrahamsen 2005, Craver 2007a): components
and organization. To explain something mechanistically, explanation must consist of a
description of entities and their properties, and how those entities in virtue of their properties
mutually interact. It must describe the kinds of activities these entities perform, and how their
interactions are instantiated. Finally, mechanistic explanation has to describe how those entities
and their activities and interactions are organized to produce just that effect. Organization is
the final and the most distinctive aspect of such an explanation. It represents all the information

about the spatial and temporal distribution of entities and their activities and interactions.

How do we achieve this? While the deductive-nomological model of the CL account of
explanation is a deductive argument expressed propositionally, mechanistic explanation can
take various forms. Consider the many ways you can explain or represent how a heart works,
or how the internal combustion engine works, or how protein synthesis works, and so on and
so forth. Of course, one of the most straightforward ways is by providing a textual description
of how one stage leads to another until, finally, the phenomenon (pumping blood, the
movement of the pistons, synthesis of a protein) is brought about. But textual explanations are
not the only way to represent or explain mechanisms. Open any textbook on molecular biology
or pathology and you will see diagrams, pictures, graphs which include boxes, arrows, and
similar visual tools, all put in service of a better understanding of how mechanisms work. All
these epistemic tools serve to one end: a good mechanistic explanation describes how a
stipulated mechanism produces “regular changes from start or set-up to finish or termination
conditions” (MDC 2000: 3), or how it is “performing a function” (Bechtel and Abrahamsen
2005: 423). Mechanistic explanation “constructs” the model of a real mechanism by following

this rationale. EM is therefore an account of explanation which stipulates what sort of things
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or features are explanatorily relevant, what things or features are redundant for this particular

kind of explanation, and what is the “representational vehicle” of a mechanistic explanation.

Finally, the third thesis of “The New Mechanistic Philosophy” is about the
methodology of scientific investigation. It is a descriptive and normative position about
strategies used to construct a mechanistic explanation. Levy makes a similar observation and
calls this use of “mechanism” Strategic mechanisms. Although all of the advocates of EM hold
SM, these are still distinct theses, and the distinction is usually not well, or even at all,
demarcated and discussed in the literature. If EM tells us what a mechanistic explanation should
contain and represent, then SM tells us how to achieve that. In that regard, it is a claim about a
“characteristically mechanistic style of doing science, which involves particular methods of
representation, reasoning and understanding” (Levy 2013: 107). What is a characteristically
mechanistic style of doing science? It means that scientists in life sciences often use
methodology that resembles the dismantling of a mechanism in order to understand it. Levy,
as we will see in the section dealing with this mechanistic thesis, does not discuss in detail how
this methodological thesis diverges from the epistemological one. In that respect, I will call

this thesis Methodological Mechanicism to differentiate my view from Levy’s:

MM: There is a specific mechanistic methodology used in discoveries and in

constructing explanations of phenomena in the life sciences.

As with the EM thesis, MM is built upon several propositions. Probably the most
important, but also the most contentious, is that of modular assembly. This is one of the most
important methodological assumptions in the majority of scientific experiments. However,
whether or not a mechanism of interest is indeed modular is a matter of empirical research and
not a theoretical precondition. Nevertheless, the majority of investigations into mechanisms
start with such an assumption. The modularity of mechanisms then leads to the most common
and widely used heuristics of mechanistic investigative strategy: decomposition and
localization. These were first elaborated and presented by Bechtel and Richardson in their
(1993). In a nutshell, decomposition refers to the tracking down and the breaking down of a
system in its constitutive parts (i.e., entities). It is a top-down view of explaining a
phenomenon.® Localization, on the other hand, refers to the assignment of causal roles to these

parts. Although a vital part of “The New Mechanistic Philosophy”, the MM thesis tends to be

% Ross (2020) calls this “the drilling down” strategy.
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less elaborated than EM. Besides Bechtel and Richardson's book length analysis of the
aforementioned mechanistic strategies, notable attempts at the analysis of mechanistic

investigative strategies can be found in Darden (2006) and Craver and Darden (2013).%

In the following sections, I discuss the OM, EM, and MM theses in more detail. | will
argue that disambiguating the notion of mechanism in “The New Mechanistic Philosophy” is
important for several reasons. First of all, it is important to show that mechanistic philosophy
has spread into different branches of philosophy. Second, I will discuss the metaphysics of
mechanisms, especially of causal relations between component parts to show how the
mechanistic and epidemiological approaches do not necessarily have a different view on the
metaphysics of causation. Third, | place particular focus on the distinction between the sense
of mechanisms from the OM and EM theses. | will show how the failure to distinguish between
the two senses of mechanism often generate problems which can be avoided by its
acknowledgement. Fourth, I will show how the OM and EM (as well as MM but less
importantly) can be held and discussed separately and how this reflects on the scope and reach

of mechanistic explanation of biomedical phenomena.

2.3. Ontological mechanicism

What are mechanisms of the OM thesis supposed to be? | have already mentioned that
Glennan in one of his earlier papers considers them as things or chunks distinguished from
their environment by their relatively stable organization. Whether other mechanistic
philosophers agree that mechanisms are things as Glennan conceives them is not
straightforwardly clear. Nonetheless, all mechanistic philosophers seem to agree that
mechanisms are causal structures that are distinct from their environment and located in a
particular region of space and time. Mechanisms, then, have or at least ought to have boundaries
by which we are able to identify and define them. However, how those boundaries are identified
and whether they are there independently of the identifier is a point of discussion. Also, it is
not a necessary feature of ontological mechanisms that they have a start or setup and a finish
or termination stage. These stages usually reflect our interests and oftentimes they are just a

kind of heuristics utilized to grasp the functioning of a mechanism. Mechanisms in nature can

¥ Though these themes are already announced and to a lesser degree presented in the MDC paper from
2000.
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operate in cycles or loops where there is no real sense in which one stage can be designated as
a starting point while some other stage is a finishing point. For such mechanisms, separation
into stages is a matter of trying to make them understandable, that is, it is a feature of a
representation rather than of a real mechanism. Recall from section 2.1. the three definitions of
a mechanism in philosophy (Machamer, Darden and Craver 2000, Glennan 2002, and Bechtel
and Abrahamsen 2005). Although different in some respects, all three accounts define a
mechanism as a complex causal structure constituted of entities or component parts, their
activities or interactions between entities, and their overall organization. Let me now present

the main metaphysical considerations pertaining to these three features of mechanisms.*°

2.3.1. Entities

The nature of entities is a metaphysical discussion par excellence. It is a vital part of an
ontological account of mechanisms but certainly not an issue that arises solely from the
mechanistic philosophy. It is far from the goals of this dissertation to engage in a discussion of
the ontology of objects or processes. | will, however, present what kind of a thing a part of

mechanism ought to be if it is to be considered a part of an ontological mechanism.

We can start with Glennan’s remark that “the category of things New Mechanists have
referred to as entities coincides with common conceptions of substance, at least those
conceptions that countenance compounds as true substances” (Glennan 2017: 49, 50). If
mechanisms are real complex causal structures in the world, then they ought to be composed
of real things. Parts of a mechanism and causal interactions between those parts constitute
Salmon’s “causal structure of the world”. Craver distinguishes explanations of actual
mechanisms from mere possible or plausible models of mechanisms by claiming that models
of actual mechanisms include parts which are known to be real and independent of any role
they have within the representation of mechanisms. As he states, a representation of a possible
mechanism “contains black boxes or filler term that cannot be completed with known parts or

activities” (Craver 2007a: 129, 130). Glennan also stressed this point in one of his earlier

% An interesting question is whether we should include the functions from Glennan's law as a part of
the OM thesis. As we will see, | discuss the functions of mechanisms and the functions of a mechanism’s
parts withing the context of the methodological thesis since many mechanistic philosophers consider
functions in and of mechanisms to be a matter of scientific research interest rather than coming from
the very nature of mechanisms.
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papers: “The parts of mechanisms must have a kind of robustness and reality apart from their
place within that mechanism” (Glennan 1996: 53). In his argument against the mechanistic
interpretation of computational models, Weiskopf stipulates similar constraints by introducing
the principle of a “Real Components Constraint (RCC) on mechanistic models” (Weiskopf
2011: 320). Similarly, Craver claims that entities must be “stable bearers of causal powers”
(Craver 2007a: 131), while Kaiser calls them “material objects i.e. continuants” (Kaiser 2018:
119). Nevertheless, this does not mean that entities within a mechanism cannot be dispersed in
spacetime. We can think of certain groups of entities within a mechanism as being stable
bearers of causal powers, while also themselves being decomposable into parts,
spatiotemporally distributed and perhaps spatiotemporally overlapping with other entities. 1

will show later in the text how and where can this take place.

Craver’s filler terms in the representations of mechanisms are supposed to be gradually
replaced with entities that are real material objects, located in space and time. The latter are
spatially extended. They can (and arguably must) be individuated by their particular shapes
and sizes. For example, proteins consist of one or more chains of amino acid residues, that can
fold in at least four different motifs. While entities might retain their shape or size while being
parts of a mechanism, they might also change, depending on their function within the
mechanism or the type of behavior they exhibit as parts of the mechanism. For example, Illari
and Williamson write, “Some entities remain comparatively unchanged over time, but others
are more transient, such as the mRNA that is made from DNA, used as a template to make a
protein, and then broken down again straight away” (Illari and Williamson 2012: 129). The
majority of mechanistic philosophers argue that entities are things which engage in activities
and/or interactions by being the bearers of causal powers. For example, MDC write: “The
neurotransmitter and receptor, two entities, bind, an activity, by virtue of their structural
properties and charge distributions” (MDC 2000: 3). Being shaped or folded into a certain
motif allows a particular kind of protein to bind to a particular operator on a gene. However,
that does not mean that entities always need to manifest or express their causal powers or
engage in activities/interactions in order to be parts of a mechanism. An entity can perform a
function in a mechanism by occasionally engaging in some kind of activity or interaction with
other entities, yet it does not have to be doing so all the time. Proteins of a certain kind do not

need to bind to operators constantly in order to be working parts of the gene expression
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mechanism.*! The temporal organization or sequential activities of particular entities in a
mechanism is often crucial for its “orchestrated functioning” - to borrow Bechtel and
Abrahamsen’s term. However, an entity, if it is a working part of a mechanism, has to engage
in at least some activity or interaction. It cannot be a working part of the mechanism if it does
not do anything throughout the mechanism’s functioning, from start to finish, or from input

stage to output stage.

2.3.2. Activities and interactions

What is the nature of causal relations between entities? Such ontological and
metaphysical discussions on the nature of mechanisms were prominent in mechanistic
philosophy in the late 1990s and early 2000s but have declined over the years. This issue is
quite rarely discussed in recent publications. When mechanistic philosophers did discuss
causation within mechanisms, three general views were usually defended, and then defined in
a more detailed manner: the causal relations in which entities engage in are activities,

interactions, or a combination of the two.

Activities taken at face value lead to probably the most controversial ontic account of
mechanisms — MDC’s dualist ontology of mechanisms. An activity is always an activity of
some entity, but it is activities rather than entities that are “the producers of change” (MDC
2000:4). MDC’s account of activity is influenced by Anscombe’s analysis of causation (1970,
1993). Anscombe claims that we acquire the meaning of general causal notions, such as
production or bringing about, only through their more specific instances like scrape, push, wet,
carry, eat, burn, knock over etc. Without acquiring meanings of these specific causal terms we
could not have acquired the meaning of the general concept of cause. If there is any common

feature of every causal relation it is that the effects “...derive from, arise out of, come of, their

* Gene expression mechanisms are an especially interesting example since such mechanisms arise the
question whether an entity needs to be an individual or whether we can take populations of things as
working parts of mechanisms, for example the populations of some particular kind of protein (Ani¢
2021). Similar questions have arisen in the discussion of whether natural selection can be thought of
and explained by a mechanistic account. Certainly, a representation or model of mechanism, as | will
discuss later, can take populations or dispersed entities as working parts of a mechanism, but this does
not imply that, metaphysically or ontologically, it is a single working part rather than many working
parts of a mechanism.
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causes” (Anscombe 1993: 91-92). Causation, therefore, should be analyzed only in its specific
instances.*? Activities such as bonding, pushing, attracting, or repulsing, play a central
explanatory role in any mechanistic explanation. Just as parts or entities are characterized by
their location, structure, and orientation in the mechanism, the activities will be characterized
by their temporal order, rate, and duration (see MDC 2000). The hierarchical decomposition of
mechanisms, according to MDC, stops at the level where some of the components (whether
entities or activities) are taken as fundamental in some scientific field. Considering molecular
biology and molecular neurobiology, MDC categorize their “bottom out activities” into four
types: geometrico-mechanical, electro-chemical, energetic and electromagnetic. Further
individuation conditions for activities are their mode of operation, directionality, polarity,
energy requirements and the range of activity (MDC 2003: 5). MDC argue that their dualist
position has a couple of important advantages over, what they call, the “monist” and
“substantivalist” positions. First, accepting the metaphysical reality of activities reflects
scientific practice where scientists investigate, as their loci of inquiry, the specific activities of
entities such as hydrogen bonding or membrane depolarization. Second, some properties such
as charge can only be identified when they are manifesting themselves, i.e., when the entities

that possess them engage in activities.

Entities, as noted above, engage in different activities. The same entities can engage in
different activities, while different entities can engage in same activities. What distinguishes
one mechanism from another or as being a mechanism at all is the way and the nature of its
activities. Parts of a car’s engine have to engage in specific activities in a specific type of
organization if the engine is to work. Some of these parts can be replaced with different parts.
If these parts engage in the same activities, it is still the same kind of mechanism. Consider the
replacement of damaged tissue with healthy, although different, tissue. For example, portions
of torn ligaments can be replaced with hamstring or some other tissue. If an entity is replaced
with another entity in a mechanism, but it engages in the same type of activity, the mechanism
continues to operate as it did. Activities are always activities of some entities, but certain kinds
of activities need not be metaphysically bound to particular kinds of entities. A heart can

continue to operate normally even if it has one or more bypasses made of a synthetic material.

%2 See Bogen (2008) for a discussion on conditions under which various productive activities fall under
the concept of activity.
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Glennan in his (1996) states that interactions between entities are determined by direct
causal laws. In a later paper from 2002, he disregarded the reference to causal laws and
accepted a view similar to Woodward’s interventionist account of causation. I have presented
the core ideas of Woodward’s interventionist account in section 1.5. Recall how the central
idea of Woodward’s account is that causal relations are relations between variables that can be
exploited or manipulated by intervention. For Woodward, two variables are in a causal relation
if some experimental intervention on the value of a variable taken as a cause would generate a
change in the value of a variable taken as an effect. An intervention is first and foremost a
counterfactual notion which includes idealized experimental manipulations. Thus, two
variables stand in a cause-effect relation when there is a covariant relation between them which

is, most importantly, exploitable for experimental manipulation (at least, in principle).

Consider now the example of the lac operon model for E. coli discussed by Woodward
in his (2002). If lactose is not present in the environment, a regulatory gene produces a repressor
protein which binds to the operators and prevents transcription of lactose metabolizing
enzymes. When lactose is present, an isomer of lactose, allolactose, is produced and binds to
the repressor protein, preventing it from binding to the operator. Woodward rightfully takes
this as a case of double prevention and argues that we cannot establish the productive
relationship between allolactose and enzyme production by appealing to MDC’s activity

approach:

And while we can perhaps use MDC’s list of bottom out activities to describe the
productive relationships between individual steps in the above process, it is far less
obvious how to use this list to capture the idea that there is an overall productive
relationship between allolactose and enzyme production without explicitly invoking the
idea of counterfactual dependence. To begin with, the overall relationship between
allolactose and enzyme production does not seem to fall into any of the categories on
MDC'’s list.

Woodward 2002: 372

An interventionist account of causation, according to Woodward, is enough to explain
the functioning of a mechanism’s parts, together with spatiotemporal information and the fine-
tunedness of organization (Woodward 2013). Although not referring to possible words in order

to establish truth conditions for counterfactuals, interventionism still defines causal relation as
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if the intervention is performed — that is, it is still a counterfactual theory of causation.*®
Therefore, Illari and Williamson argue that if mechanisms are to be “real” and “local”, the
metaphysical account of causal relations in mechanisms has to acknowledge such relations as
actual and not counterfactual (in the sense that they are dependent on possible worlds or on any
other interpretation of counterfactual dependence). Mechanisms, they argue, require “active
metaphysics such as Cartwright's capacities approach, a powers approach, or an activities
approach” (lllari and Williamson 2011: 841). Whether or not the activity approach can be
plausibly held from the metaphysical standpoint is a matter of debate. However, it does have
at least one advantage over monist ontological accounts based on some difference-making
theory of causation: parts of a mechanism can perform activities which do not affect other parts;

for example, an entity travelling through a signaling channel or an entity rotating on its axis.

Is there a way to account for both counterfactual causal relations and productive, active
causal relations within one account of mechanisms? In his (2004), Tabery offers an account of
mechanisms which includes both interactions and activities. A similar approach can be found
in Glennan’s more recent writings too. In (2009) and in (2017) Glennan claims that causal
relations in any mechanism come in two varieties: productive relations and relations of causal
relevance. Similar to Glennan’s argument, I have claimed in my (2021) that to retain all three
aspects of mechanisms (entities, activities/interactions, organization) in an account of ontic
mechanism, both types of causal relation within a mechanism — some sort of difference-making
relation which corresponds to the causal role of the organization within a mechanism (for
example, a counterfactual theory or interventionism) and some sort of productive relation
between the mechanism’s parts — are necessary. However, this presents a problem for the ontic
conception of explanation and the OM thesis. | will present my arguments for this claim in the

section 2.6.

2.3.3. Organization

Why and how does the inner organization of mechanisms matter? It is possible for the
same entities to engage in different activities. It is possible that different entities engage in the

same activities. It is even possible for the same entities to engage in the same activities yet in

% 1t does not matter if an intervention is not practically possible. It is enough for an intervention to be
possible in principle. A variable, whatever it stands for, ought to be manipulable.
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a different temporal order and which, then, results in a different effect. Examples of these
organizational features can be very simple. Consider one provided by Glennan and Illari: “the
very same resistors or capacitors can exhibit very different resistance or capacitance depending
upon whether they are wired in parallel or in series” (Glennan and Illari 2018: 95). Another
reason why we should consider organization as a constitutive aspect of any mechanism is that
organizational aspects of mechanisms are not conditional upon specific entities and specific
activities of the mechanism. Organizational features of mechanisms can be shared by a number
of different mechanisms from different special sciences (or different ontological domain if you

like) with completely different entities and activities.

One simple way to define mechanisms by referring to their organization is by
contrasting mechanisms to aggregative structures. Wimsatt’s four conditions for aggregative
structures are probably the best known so I will use them here to stipulate how organization set
mechanisms apart from mere aggregations. Wimsatt’s account of aggregative structures is
motivated by discussions on emergent properties and structures, and the connected issue of
reductionism of special sciences. Emergent properties are pervasive in the sciences, according
to Wimsatt. However, providing a definition or necessary and sufficient conditions for
emergent properties is not straightforward. They are products of “organizational
interdependence”, but this comes in a variety of possible forms (Wimsatt 1997: S375).
Therefore, he provides criteria to identify cases where emergence clearly fails, that is, criteria
of aggregative structures. First, parts of an aggregative structure can be rearranged in any way
without change in the overall output of the system or its constitution. Second, aggregative
systems differ only in qualitative or quantitative addition and subtraction of their parts. Third,
aggregative systems can be decomposed and rearranged and still continue to exhibit invariance
in outputs or constitution. Finally, parts in aggregative systems do not enter in cooperative or
inhibitory interactions. That is, there are no consequences on the overall output of the system

which is due to interactions between parts.

Obviously, mechanisms as they have been defined so far do not exhibit these four
conditions. In other words, mechanisms exhibit certain interrelated interactions between their
parts and their activities which prevent their characterization as aggregative structures. The
absence of organizational relations and properties means that mechanisms are also absent.
However, some mechanisms exhibit none of Wimsatt’s for criteria of aggregative structures,

while others might still exhibit some of them. The upshot is that although organization is a
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defining aspect of mechanisms it is not a two-valued variable. Organization comes in degrees.
Simply, some mechanisms are more organized than others. Some mechanisms possess a highly
complex internal organization (e.g., mechanisms for gene expression) while others have simple

organizational features (e.g., electric circuit mechanisms).

The organization of mechanisms can also be distinguished into two general types:
horizontal and vertical organization (Glennan 2017). Horizontal organization refers to the
relations between parts. Glennan calls this the topological organization of a mechanism: the
“abstract pattern of connection between its parts” (Glennan 2017: 121). Similarly, Levy and
Bechtel claim that such organizational features imply that: “(a) different components of the
system make different contributions to the behavior and (b) the components’ differential
contributions are integrated, exhibiting specific interdependencies (i.e., each component
interacts in particular ways with a particular subset of other components)” (Levy and Bechtel
2013: 244). Similar views are expressed by Craver where he calls this the “active
organization”: “Mechanisms, in contrast, are not mere static or spatial patterns of relations, but
rather patterns of allowance, generation, prevention, production, and stimulation” (Craver
2007a: 136). Woodward’s “fine-tunedness of organization” expresses the same idea: the
synchronized work of a mechanism’s parts produces the effect. Changing the causal
contribution of a part changes the contribution of the whole. Changes in the patterns of causal

connectivity change the overall output of a mechanism.

The second type of organization — vertical or constitutive organization — refers to
entities and activities being ordered spatially and temporally. Mechanisms can have numerous
parts or there can only be a few of them. Sometimes, a part’s spatial location and orientation is
crucial and sometimes it is not. Some parts, on the other hand, are synthesized during the course
of a mechanism’s continued work. The timing of their synthesis or the timing of their entering
into causal relations is vital for the mechanism’s performance. Recall from section 2.2. that
MDC characterize mechanisms in terms of start to end conditions. Each of the steps in the
production of a phenomenon requires at least some kind of temporal order. Therefore, the
properties of parts (causal, spatial, and temporal) give rise to and ‘“sustain” their active
organization (Craver 2007a: 137). If mechanisms are mechanisms for some kind of a behavior,
then the regular production of an effect by a mechanism is a distinct feature of the mechanism.
The notion of regularity here needs a little more interpretation since one-off mechanisms are

ubiquitous in biology and elsewhere. A bomb is a mechanism too. However, such a mechanism,
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if it works properly, produces its effect only once: an explosion. What makes it capable of
regular production of the explosion is that such an organization of parts and their interactions
can and often will cause an explosion. Nevertheless, biological mechanisms (or social, cultural,
or economical ones, for that matter) are usually organized so as to continuously produce their
effects. Protein synthesis mechanisms produce proteins continuously when the conditions are

satisfied.

There are two other organizational features | will briefly mention here: hierarchy and
modularity. As already stated, mechanistic philosophy is both a worldview and an account of
scientific practice. In that regard, the mechanistic worldview is a view of hierarchies and layers.
Similarly, mechanistic explanation and its strategies and methodologies are decompositional,
meaning that they seek to explain the phenomenon by looking downwards and decomposing
the phenomenon into its causal or constitutive parts. However, a mechanism’s parts are often
themselves lower-level mechanisms and can be decomposed and described mechanistically.
The hierarchy of mechanisms is both a metaphysical and epistemological issue. Levels are
“construed as both ontic levels of mechanistic organization and as epistemic levels of analysis”
(Wright and Bechtel 2006:55). An important caveat in thinking about constitutive mechanisms
and inter-level relations, however, is in the methodology of discovering the constitutive
relevance and interlevel relations as these have been developed along the lines of the
interventionist account of causality. But, as it has been claimed in various places, testing causal
relations cannot explain or provide reasons to assume constitutive relations. The most known
attempts come from Craver and his mutual manipulability approach and Craver and Bechtel’s
mechanistically mediated effects. | will not discuss this problem here since it is not a pressing
matter for the moment. For discussion, see, for example, Craver (2007a, 2007b), Craver &
Bechtel (2007), Couch 2011, Leuridan (2012), Povich and Craver (2017), Késtner and
Andersen (2018), and Craver, Povich and Glennan (2021).

The modularity of mechanisms is another key aspect of mechanistic philosophy. As
with levels, modularity can also be taken as a metaphysical thesis concerning the organizational
constitution of mechanisms or as an epistemologically necessary precondition for mechanistic
explanation. Mechanisms are thought to be composed of modular assemblies. It presumes that
we can alter or stop the causal activities or outputs of a single part of a mechanism without
affecting the individual causal contributions of its other parts. The interventionist account of

causation, which is supposed to reflect the scientific rationale and methodology for discovering
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the causal contributions of specific variables, presumes modularity. It cannot work if a system
of variables is not modular. As Woodward states, “The basic idea that | want to defend is that
the components of a mechanism should be independent in the sense that it should be possible
in principle to intervene to change or interfere with the behavior of one component without
necessarily interfering with the behavior of others” (Woodward 2002: S374, emphasis added).
Simon presents an interesting argument to argue that natural selection favors (or at least ought
to favor) modular assemblies.** Such an organization is more resilient to malfunctions and
perturbations: parts are then easily replaceable. Nonetheless, whether mechanisms are modular
or not is a matter of empirical investigation. It cannot be assumed a priori in our definition of
ontological mechanisms since it may come out that only a few or perhaps none of the

mechanisms found in biological and medical sciences are indeed completely modular.

2.4. Epistemic Mechanicism

If OM is a thesis about things in the world, EM is a thesis about how scientists try to
represent that world. It asserts that explanations in the life sciences are mainly mechanistic
explanations. The thesis does not argue for a uniformity of scientific explanations across
sciences or even within a single scientific field. Mechanistic philosophers acknowledge that
there are different kinds of scientific explanation, and it is quite possible that some of them are
not causal.** However, the EM thesis does argue that causal explanations from different
sciences and especially in the life sciences are of a mechanistic type. The thesis has both
descriptive and normative features. Applying the bottom-up methodology, its descriptive claim
states that mechanistic explanation provides a description of a causal structure, deconstructed
into its component parts, their activities, and interactions, and the organization of these into the
overall mechanism. Such a description explains how these structures are causally or
constitutively responsible for phenomena. The normative part of the EM thesis provides the

necessary features of such an explanation, and a set of criteria to determine its quality.

As mentioned, mechanisms are distinguished as being either constitutive vs. etiological

(Craver 2007a, Glennan 2009) or in different terminology, vertical vs. horizontal (Kincaid

* See Simon’s example with two watchmakers Hora and Tempus from his (1962).
** For non-causal explanations in science consider, among others, Lange (2016) and Reutlinger and
Saatsi (ed.) (2018).
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2011).“® We can think of constitutive or vertical mechanisms as structures that are simply
constitutive of a given object or phenomenon. For example, to explain what a heart is and how
it works (explanandum) means to provide an explanation of its constitutive mechanism
(explanans). The phenomenon (e.g., heart) just is the mechanism that needs to be explained.
Furthermore, it is often emphasized that a constitutive mechanism’s parts are often themselves
lower-level mechanisms. In that sense, mechanistic philosophy takes phenomena as being
hierarchically decomposable into lower-level mechanisms. A description of constitutive

mechanism, then, is something like this:

The heart is itself part of a larger mechanism, the circulatory system, that includes such
parts as veins, arteries, and the blood itself. Parts differ in their roles with respect to
particular operations; for example, the chambers of the heart play an active role in the
operations of contracting and relaxing whereas the blood plays a passive role in the
same operations (it undergoes change of location). The various components must be
both spatially and temporally organized such that blood can flow on each side from
atrium to valve to ventricle to valve to aorta or pulmonary artery into the rest of the
circulatory system, as suggested by the arrows. At least as important, the operations
must be precisely timed to achieve an orchestrated effect.

Bechtel and Abrahamsen (2005: 424)

Horizontal mechanisms, on the other hand, lead to, produce, or bring about the effects.
Horizontal or etiological mechanisms, then, can also be understood as constituting Hall’s
productive causes: to be a horizontal mechanism amounts to having the right kind of internal
structure which is identified as a union of minimally sufficient sets for e in every time between
t and t’. For example, heart failure is a condition where the heart, due to different etiologies
(and where hypertension is just one of them), simply cannot pump blood sufficiently well.
Therefore, a mechanistic explanation of heart failure should provide descriptions of entities
and their interactions at every step of the causal chain connecting, for example, hypertension
and heart failure. An explanation employing a horizontal mechanism of heart failure due to

essential hypertension then could be something like this:

“® The term “etiological” here, however, does not correspond to the term “etiology” from the medical
literature, discussed in the first chapter.

96



Typically, a rise in blood pressure is sensed by the smooth muscles’ lining vessel, which
releases nitric oxide leading to vessel dilation and reduced resistance. Elasticity in blood
vessels is gradually lost due to aging making it increasingly difficult to adjust vessel
diameter and account for changes in blood pressure. These vessels are constantly
constricted causing increased pressure that erodes the cardiomyocytes and increases
fibroblasts, collagen, and hypertrophy of cardiac tissue.

Capote et al 2015: 38

Whether we are talking about constitutive/vertical or etiological/horizontal
mechanisms, Epistemic mechanicism is all about modeling. Hence, the main claim of the EM

thesis is the following:
EM1: All mechanistic explanations are models of mechanisms.

Mechanistic explanations are representations of mechanisms, and representations of
mechanisms are models of mechanisms. What, then, is a model of a mechanism and what does
the construction of a model of mechanism amount to? Before answering this question, the
notions of model and model construction need clarification since there has been quite a rich
discussion about model construction and models in the philosophy of science for the past fifty
or so years. To avoid certain ambiguities concerning the term model, it is better to resolve
possible misunderstandings or potential problems right at the beginning. I will not, however,
engage in the discussion about the relation between models and theories or scientific laws or

about models and similarity/informativeness since these would lead me far astray.

2.4.1. Models

Models are present everywhere in science. Consider Watson and Crick’s model of DNA
or the Ptolemaic model of the solar system. In biology especially, one rarely hears of theories.
Models on the other hand, a go-to explanatory term in biology (and especially in molecular
biology). Giere claims that models are not something “ancillary” in science but rather occupy
the central role in scientific accounts of the world (Giere 1999). Usually, models are taken to
be representations. This is a view on models I will accept here too. Two positions on models
are then predominantly argued for. Models are either similar to their targets or they convey

some information about the part or parts of the world they are representing or referring to
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(without being similar). For example, Glennan writes: “Models are only models when they are
used to represent something, and it is the modeler’s act of interpreting the model— asserting
the similarity between some aspect of the model and some aspect of the target—that determines
what kind of model it is” (Glennan 2017: 67, 68). Similarly, Giere (2004) claims that models
are abstract objects specifically intended to be representations: “What is special about models
is that they are designed so that elements of the model can be identified with features of the
real world” (Giere 2004: 747). They are used as “tools for representing the world” (Giere 1999:
44). Bolinska (2013) takes scientific models to be a subclass of a more general notion —
epistemic representations. Something is an epistemic representation “of a given target system
if and only if it is a tool for gaining information about this system” (Bolinska 2013: 221). The
informativeness of epistemic representations about their target systems is a feature that
distinguishes scientific models as epistemic representations rather than some other kinds of
representations (e.g., a painting or a sculpture) although it could turn out not to be the only one
applicable to the system in question. Nonetheless, their informativeness is their specific

function or use.*’ Let me add an additional claim here:

M*: Models are representations which have the capacity to convey some information

about some portion, part, or aspect of the world — the model’s target systems.

Models are not abstract objects. Rather, they represent something in an abstracted way.
They are abstract representations in the sense that they intentionally leave out a lot of
information about the phenomenon. Consider how ball-on-stick models in chemistry are
supposed to represent atoms and bonds between them. Atoms are represented as spheres while
bonds are represented as rods. The properties of the spheres (such as their shape and color), the
ratio between the diameters of atoms and the length of the rods are obviously used to give a
simplified representation of molecular structure — in a nutshell, it is a false representation of
the phenomenon. But these features of ball-on-stick models have their specific purpose. The
features of any model are always there for a specific purpose whether the purpose is
explanatory or something else. Giere especially notes how the intentions and purposes of a

modeler play a crucial role in model construction. He develops his account of models based on

*" There is a rich discussion on scientific models and representation in the philosophical literature for
which | do not have space to engage with here. See Magnani and Bertolotti (eds.) Springer Handbook
of Model-Based Science (2017). For analysis and discussion on informativeness of models see Suarez
(2004).
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the following proposition: “S uses X to represent W for purposes P” (Giere 2004: 743). Here,

S represents any group, community or an individual.

The same phenomenon can be represented by numerous and vastly different models.
Often, the particular characteristics and features of a model will depend on the goals of a
particular scientific or educational (or any other) group or community. The purposes of a model
are various: educational, explanatory, explorative, predictive etc. Similar to Giere, Teller also
emphasizes the purpose of the model intended by the modeler: “in principle, anything can be a
model, and that what makes a thing a model is the fact that it is regarded or used as a
representation of something by the model users” (2001: 397). Models are developed and
refined gradually as our knowledge of the phenomenon grows but, in the end, how the model
looks is characteristically defined by its intended purpose. Although false, ball-on-stick models
are still in use precisely because they offer an easy way to grasp the characteristics of molecules

that we usually take to be important.

How does a model represent a portion of the real world if it is an intentional
misrepresentation? Considering some general views on the relation between models and the
real world, Giere’s analogy of models with maps can be helpful here (Giere 1999). Maps
represent some area of space. They involve a lot of details or features of that area but they also
leave out a considerable amount. For Giere, then, a map represents that portion of the real world
by being spatially similar to it (among other similarities between features of the real world and
a map). Consider a map of any city. You will see streets, roads, avenues, parks, bridges and
possibly some buildings on a 2D plane. It will help you to get an understanding of the spatial
layout of the city and to estimate distances between different neighborhoods or between
different streets. It can definitely help you to get from point A to point B when you find yourself
in the actual city. But a map will certainly not be a detailed representation of neighborhood,
city, or area. Far from it. No map looks exactly the same as the geographical location it
represents, and similarly, no model looks exactly like the real thing in the world it represents.

There is no perfect model.*® Every model is a mixture of abstractions and idealizations.

*8 “The only PERFECT model of the word, perfect in every little detail, is, of course, the world itself”
(Teller 2001: 410)
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Nonetheless, every model is in some respect similar to the thing it represents. How could it be

explanatory or informative otherwise?*®

What can be a model? Simply, anything can be a model as long as it represents some
portion of the real world, that is, if it fulfills its purpose (as intended by the modeler) of
representation in some specific way. Therefore, models can be diverse. Frigg and Hartmann
(2020) distinguish between scale models, analogical models, idealized models, toy models,
minimal models, phenomenological models, exploratory models, and models of data. Giere
(2004) distinguishes between physical models, scale models, analogue models, and
mathematical models but recognizes that the list could be much larger. Nonetheless, what all
models have in common is that they are intended as representations of some portion of the real

world.

2.4.2. Models of mechanisms

Recall that the distinguishing feature of the deductive-nomological model of the CL
account of scientific explanation is that it takes the form of a deductive argument where the
premises are the explanans (initial conditions and laws of nature) and the conclusion is the
explanandum (a phenomenon). On the other hand, EM states that mechanistic explanations do
not have some universal form in the way that DN explanations have (i.e., premises of a
deductive argument). Although every mechanistic explanation is a model, a model of a
mechanism might take numerous forms. For example, a mechanistic explanation can come in

visual, textual, diagrammatic, or mathematical form.

Consider a mechanistic representation of the human heart. We could give a textual
explanation of how the heart works, including its relevant parts, such as right and left atria,
right and left ventricles, pulmonary and aortic valves, pulmonary artery, and pulmonary vein,
and the activities of these parts. But we could also make a video representing how those parts

of the heart work and contribute to its overall working. The video, for example, could represent

* Going into a discussion of similarity would be too philosophically demanding, time consuming, and
exhausting. | will only mention that instead of resolving the issue of what similarity is in general, Giere
rather focuses on specifying the respects in which a model is similar to the real thing and the degree of
similarity it has in those respects. See Giere (1999), Suarez (2003), and Poznic (2016) for the more
detailed discussions on this matter.
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how right and left atria receive the blood that comes into the heart, and how right and left
ventricles pump the blood out of the heart, and so on. It might represent the heart in three
dimensions and therefore show the spatial relations between its parts. It could also represent
temporal relations or the temporal order of the activities and interactions of these parts. Such a
representation of the heart could be detailed and very informative. But the heart can also be
represented pictorially, as is usual in medical textbooks (as well as other educational materials).
A pictorial representation will include some component parts and might indicate some of the
activities and interactions of these parts. These causal relations could be represented, for
example, with arrows, denoting the directions of activities and interactions (for example, the
direction of the blood flow). Such a representation of the heart will sometimes carry different
kinds of information or additional information that, for example, textual representation does
not contain. An example is shown in Figure 7. The model represents some of the component
parts, and while it leaves out most of the interactions and activities of those parts, it indicates
the direction of flow by using arrows. In sum, it offers some insight into the spatial organization

of parts and at least this one type of activity.

Superior |
vena cava .
Pulmonary
artery

@ Pulmonary
‘ vein

Tricuspid =]
valve

“ Pericardium

Inferior vena cava

Figure 7. The usual textbook model of the heart.>

* By Wapcaplet — Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=830253

101



On the other hand, a network or mapping representation of some genetic mechanism
will carry some information that diagrammatic and pictorial representations cannot convey.
Mechanisms can also be described by sets of equations if these equations and their variables
correspond to the parts and activities of the mechanism. Models of mechanisms might also take
the form of causal Bayesian nets, representing causal organization within the mechanisms.
Such models leave out certain features of the mechanism such as spatial and temporal relations,
as well as numerous other features of its parts and organization, but they give us a
representation of causal organization that, perhaps, textual, pictorial, and other representations

of the mechanism cannot express.

Not all models are explanatory. A model of data does not explain any real-world
phenomenon. But, according to some mechanists, there are some models that of a phenomenon
and that carry some explanatory force, yet without being mechanistic explanations or
mechanistic models. Many mechanistic philosophers have pointed to the difference between
phenomenal models and mechanistic models in order to emphasize necessary features of
mechanistic models. Phenomenal models do not provide any causal explanation, they are just
descriptions (or redescriptions) of a phenomenon (e.g., as in Craver 2006, 2007a, Kaplan 2011,
Kaplan and Craver 2011). Craver has probably written the most on this distinction and has
discussed it in quite a few of his publications. In his (2006), he writes: “A model can be richly
phenomenally adequate and non-explanatory. This is the take-home lesson of the several
decades of attack on covering-law models of explanation at the hands of advocates of causal—
mechanical models of explanation: merely subsuming a phenomenon under a set of
generalizations or an abstract model does not suffice to explain it” (Craver 2006: 357, 358).
Models that do not explain yet say something about a phenomenon are characterized by Kaplan
and Craver as models that “save the phenomena” rather than explain the phenomena (Kaplan
and Craver 2011). In a way, phenomenal models describe or redescribe what the phenomenon
is, what it consists of, or how the mechanism behaves under different circumstances.
Phenomenal models are Cummins-type functional explanations (Cummins 1975). They
decompose a system’s behavior into the functions and capacities needed for that overall
behavior, but they are not decomposed structurally in the sense in which mechanistic

explanations are.
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In his (2006) Craver discuses Hodgkin and Huxley’s model of action potentials as an
example of a phenomenal model (Figure 8).>* The model is composed of several equations
where “the central one” provides a description of how the total current crossing the membrane
changes according to changes in capacitive current, potassium current, sodium current, and the
sum of smaller currents of other ions (leakage current). Craver supports his argument for the
lack of explanatory force in the model in part on Hodgkin and Huxley’s own admission that
they do not intend the model to be a causal explanation in which elements of the model
correspond to something physical in the real mechanism. That is, Hodgkin and Huxley claim
that they have no doubt that an equally satisfactory model for predicting these changes could
have been achieved with a different equation or set of equations. They argue that the equation
they have come up with summarizes observations from experiments conducted over a few

decades.

Extracellular Medium

f
Cm:gn(t,V)é gLé NO

Intracellular Medium

Figure 8. The Hodgkin and Huxley model of action potential.>? The equation for total
current is | = CmdV/dt + Gkn*(V — VK) + GnamPh(V — Vna) + Gi(V — V)

Craver, echoing Hodgkin and Huxley, writes: “In the HH model, commitments about
underlying mechanisms are replaced by mathematical constructs that save the phenomena [...]
of the action potential much like Ptolemy’s epicycles and deferents save the apparent motion

of the planets through the night sky. The equations, in short, do not show how the membrane

* Alan Hodgkin and Andrew Huxley received the Nobel Prize in Physiology or Medicine in 1963 for
their work on action potentials.
°2 CC BY-SA 2.5, https://commons.wikimedia.org/w/index.php?curid=642185
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changes its permeability” (Craver 2006: 364). Again, mechanistic explanation ought to
describe how parts and their interaction, in virtue of their properties and organization, bring
about the phenomenon. Here, however, instead of a “how” model, we have a “that” model. The

model predicts the behavior of the mechanism but does not explain it.

Nevertheless, in his (2007a), and later in a paper coauthored with Kaplan in 2011,
Craver argues that the HH model in fact is not entirely a phenomenal model. Taken by itself,
the equation does not provide a “how” explanation. But, supplemented with additional
information about the correspondence of variables to the mechanism’s parts, the model
becomes partially explanatory. Craver claims that this is, in fact, what Hodgkin and Huxley
had at their disposal when they were thinking about the model: “They knew, for example, that
the action potential is produced by changes in membrane permeability, and they knew that ions
flux across the membrane toward their equilibrium potentials; they also knew that this flux of
ions constitutes a transmembrane current. This background sketch of a mechanism does
provide a partial explanation (an explanation sketch) for how neurons generate action potentials
because it reveals some of the components of the mechanism, some of their properties, and
some of their activities” (Craver 2007a: 56). The take home from this discussion is that the
extent to which a model of mechanism is explanatory is a question of degree. One model of a
mechanism may convey more information about a phenomenon than some other model. As our
knowledge about parts, activities, interactions, and organization grows so should grow the
explanatory and predictive powers of our models. Although Hodgkin and Huxley had a
successful predictive model, according to Craver, they also had a sketch of the mechanism of
action potentials — an incomplete mechanistic explanation, but still a mechanistic explanation.
As Glennan remarks in this connection, “The point here is that sketchy mechanistic models are
different from phenomenal models, and sketchy models explain, albeit sketchily” (Glennan
2017: 67). However, Kaplan and Craver conclude that models are mechanistic only when they
describe the real structure bringing about a phenomenon. Kaplan and Craver call this
requirement “model-to-mechanism-mapping” or “3M” (Kaplan and Craver 2011: 602). In a
way, this is similar to what Glennan has in mind when he claims that every element in a
mechanistic explanation has to correspond to an element from the real mechanism. That is, a
part cannot exist only as a place holder in a model of a mechanism. It has to be a real, robust

thing.
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The idea that the explanatoriness of models of mechanisms come in degrees is present
in the works of many mechanistic philosophers. For example, concerning the distinction
between a mechanistic or some non-mechanistic models (like the above discussed phenomenal
models), Woodward discusses “whether we should think of the mechanical/non-mechanical
contrast as a sharp dichotomy, or instead more in the nature of a graded (perhaps multi-
dimensional) continuum according to which some explanations are more ‘mechanical’ than
others (in various respects)” (Woodward 2013: 41). Therefore, it might be better to think in
terms of a continuum, where some mechanistic explanations are more mechanistic than others.
This shift from less to more mechanistic is perhaps best discussed in MDC (2000) and in Craver
and Darden (2013) where these authors represent this gradual shift as the move from (i)
mechanism sketch to mechanism schema, and from (ii) how-possibly to how-plausibly and
how-accurately mechanistic explanations. (i) refers to the amount of detail in a representation

of mechanism, while (ii) is perhaps best expressed as the degree of evidential support.

A how-possibly model is a proposition about a possible kind of mechanism underlying
a phenomenon. At this stage, a certain rough draft is proposed where one is not concerned
whether parts and their operations and interactions in a model represent the real mechanism in
question. How-possibly models of mechanisms are, according to Craver, “loosely constrained
conjectures” (Craver 2006: 361). Such models serve only as an initial guide for further
investigations. They provide “invaluable heuristic information”, and, as such, serve their
purpose to narrow the spectrum of possible mechanisms (Kaplan 2011: 353). A how-possibly
model becomes a how-plausibly and eventually a how-actually model when empirical evidence
confirms, not only that such a model can bring about the explanandum but that it indeed does
so (since there might be several different models of mechanisms that are equally capable of
producing the phenomenon). A mechanism schema, on the other hand, is a more or less
complete representation of a mechanism. It includes entities, activities, and organizational
features with enough details so that there are no “placeholders” terms. A mechanism sketch,
although still a representation of a mechanism is missing important details; there are gaps in
our understanding of the mechanism’s features. The gaps are filled with placeholder terms that

designate an unknown factor (whether a part or an activity).

For illustration, recall the story from the previous chapter about how NO was identified
as EDREF. It was known that vasodilation was the effect of smooth muscle cell relaxation which,

in turn, was the effect of a specific factor released in the endothelium. The model of smooth
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muscle cell relaxation was incomplete since this crucial factor was unknown — it was a sketch
rather than a schema. The model included a black box. Nevertheless, it was suspected that it
was a gaseous compound acting as a second messenger. Since it was observed that it is
generated in the endothelium it was called endothelium-derived relaxant factor — EDRF.
Although scientists had a mechanistic explanation of smooth muscle cell relaxation, the
explanation was not complete. It included filler terms, a placeholder — EDRF. However, the
model itself was a how-actually model since it was confirmed that not only could the model
account for vasodilation, but indeed it gave the very mechanism underlying vasodilation. The
model only lacked the identification of its crucial part — EDRF. Finally, the identification of
nitric oxide (NO) as EDRF by the late 1980s was due to the combination and convergence of
research from three different areas — research on the immune system, cardiovascular system,
and nervous system (Lancaster 2017). This example shows that as the research progressed, the
black box in the mechanism of smooth muscle cell relaxation was replaced by NO. Its
properties and its role in the causal pathway leading to an increase of cGMP and, consequently,
vasodilation, made it possible to finally construct a supposedly complete mechanistic
explanation of the phenomenon. Craver and Darden illustratively describe this as the process

of turning a black box into a grey box, and finally to a glass box.

2.4.3. Abstraction and idealization

An indispensable feature of the discussion on models of mechanisms concerns the
degree of abstraction and idealization in mechanistic explanations. Abstraction and idealization
are methods that either simplify or distort a representation of a mechanism. The discussion in
the mechanistic literature on this issue has one particular and one general concern. The
particular issue is concerned with the use of abstraction and idealization in modeling
mechanisms specifically, while the more general concern is what exactly assumes the role of
explanans in scientific explanation (the ontic/epistemic dichotomy). Let us consider how these

features are related to the explanatory success of a model.

Abstraction, of course, does not refer to abstract entities or objects. As already stated,
both abstraction and idealization are properties or features of models of mechanisms, not real
mechanisms themselves. They are methods, among others, that modelers use to represent

mechanisms. Remember that all models are abstract in the sense that they are never perfect
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representations of a phenomenon. They always leave out some information. Abstraction, then,
is an intentional sparsity or omission of detail in a model of mechanism. A similar view on
abstraction can also be found in Levy (2021). He defines abstraction as the level or degree of
detail in a model. Models that have a high degree of abstraction are still true representations of

a mechanism, albeit simplified.

Consider again a textbook model of the heart, such as a pictorial representation. Such a
model does not lie about the thing it represents, so to say. A standard pictorial representation
of the heart does not show anything that is not present in the “real thing”. It does intentionally
leave out a lot of features that hearts usually possess (parts, their properties, their interactions,
and their organization), but such a model still leads to a representation of the heart that is
supposed to be true. Idealization, on the other hand, intentionally misrepresents or distorts a
phenomenon. Models that are idealized are not true. Idealized parts or idealized causal relations
between parts do not exist in the real world. Consider certain explanations from ecology,
population genetics, or evolutionary biology. These will frequently include infinitely large
populations of swallows, wolves, or rabbits. A model of molecular mechanism may distort the
causal relations between proteins and operators. These features of models help us to either
move away from the details or to simplify the details for the purposes of understanding, or as
Levy and Bechtel claim, they “expedite analysis and understanding” (Levy and Bechtel 2013:
243).

Many philosophers argue that abstraction and idealization are characterized by the
distinction between truth and falsehood (e.g., in Jones 2005, Godfrey-Smith 2009, or Levy and
Bechtel 2013). Abstract models are conceived as still being true representations of the portion
of the world they represent, while idealized models are necessarily false. Jones, for example,
takes idealization as “assertion of falsehood” while abstraction is “omission of a truth” (Jones
2005: 175). Similar views can be found in, for example, Godfrey-Smith (2009) and Levy and
Bechtel (2013). Portides (2021), however, has a different and interesting view that breaks away
from the typical distinction between truth and falsehood. He ties both abstraction and
idealization to the selective attention of a modeler to certain features of a mechanism. The two
aspects are then linked to cognitive processes or the intentions of a modeler rather than anything
conceptual, logical, epistemic, or anything else unrelated to the purpose of a model. This echoes
Giere’s conception of a model where a model is always a representation of something for a

certain purpose. Some features of a mechanism are intentionally abstracted and/or idealized
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since this serves some purpose. The purpose sets the thresholds of abstraction and idealization

above which the model stops being similar to or informative about the target system.

No matter how we are to understand abstraction and idealization, the question of a
relation between the completeness of a model of a mechanism and its explanatory force
remains. If mechanistic explanations describe how phenomena are produced or how they are
constituted by mechanisms, then it seems that abstraction and idealization are troublesome
features for the characterization of a good, and especially a complete, mechanistic explanation.
Hence, the following questions should be addressed. Do we always strive for more detail when
trying to understand a mechanism? Does an explanation of a mechanism always carry more
explanatory force when we have more details about parts, causal relations, and the organization
of a mechanism? When is a mechanistic explanation complete and when is a mechanistic

explanation good?

For now, let me continue with the description of the three theses of “The New
Mechanistic Philosophy”. After presenting the third thesis in the following section, I will give
my account on the relation between ontological mechanisms, models of mechanisms, and
mechanistic methodology. | will also present my view on the criteria of a good mechanistic

explanation.

2.5. Methodological Mechanicism

The third thesis of “The New Mechanistic Philosophy” — Methodological mechanicism
— is a set of claims from the mechanistic literature expressing arguments for a distinct
mechanistic way of doing science (and life sciences in particular). That is, it is a set of claims
expressing a specific strategic approach and methodology labeled “mechanistic”, which
includes necessary or at least distinctive criteria for constructing mechanistic models. Most if
not all mechanistic philosophers accept (to varying degrees) all three theses and, as | have been
claiming, they are often considered interchangeably in the mechanistic literature: the end
product of doing science mechanistically ought to be a mechanistic explanation of a
phenomenon and mechanistic explanation ought to be a representation of a mechanism as it is
found in nature. But, still, each of these theses represents just one aspect of the discussion and

the use of the term mechanism.
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2.5.1. Mechanistic strategy of inquiry

There are only a few works in the mechanistic literature which have been explicitly or
mostly concentrated on the mechanistic methodology in science. Most of the discussion on the
matter, however, is present in Bechtel and Richardson (1993), Darden and Craver (2002),
Darden (2006), and Craver and Darden (2013). For example, in (2002) Darden and Craver
write: “Focusing centrally on mechanisms provides new ways of thinking about discovery,
interfield integration, and reasoning strategies for scientific change” (Darden and Craver 2002:
2). Darden’s and Bechtel and Richardson’s books deal specifically with these strategies used

in mechanistic scientific methodology.

Similar to the views of Darden and Craver, loannidis and Psillos (2018) claim that being
committed to mechanisms means taking a certain methodological stance. But in doing so,
loannidis and Psillos’s argument resembles Moss’s view that the term “mechanism”, as it is
used in the life sciences, does not have a definite meaning. Rather, mechanism implies a
methodology above anything else. Most likely, the majority of scientists from the life sciences
would agree with one or maybe all of the definitions of mechanism from the philosophical
literature, but it is an unfounded philosophers’ assumption that they in fact have any of those
definitions in their minds when actually doing science and constructing explanations within

their respective domains.

loannidis and Psillos presume that the term mechanism is nothing more than “a certain
theory-described causal pathway” (Ioannidis and Psillos 2018: 2). First, what is a causal
pathway for loannidis and Psillos? For a start, it does not correspond to Ross’s notion of causal
pathway. In their view, a causal pathway is any process that can be characterized as “a regular
sequence of events and difference-making relations among its constituents” (Ioannidis and
Psillos 2018: 2). Second, what does “theory-described” mean? A certain causal pathway can
be approached from different perspectives, or different fields of science, and an account of a
phenomenon can be given by using theoretical terms from those various field. Consider the
example they discuss — the process of apoptosis or programmed cell death. As they argue,
scientists have given us accounts of apoptosis from different perspectives, conditional on the
motivations for describing and understanding the phenomenon, varying from the cytological
to the biochemical point of view. The mechanistic stance, then, refers to the causal investigation
of a phenomenon where “the end result is a highly informative theoretical description that

embeds the pathway within the known physiological and biochemical functions of the
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organism” (Ioannidis and Psillos 2018: 4). Such a view was already stated in an earlier paper
by those authors. There, they argue for a minimalist interpretation of a mechanism where a
mechanism is, again, a methodological thesis which “allows that the sought-after identification
of the causal pathway by which a specific result is produced, is fully captured in the language
of a specific theory, using deeply theory-laden concepts” (Ioannidis and Psillos 2017: 605).
According to them, the choice of an approach towards a phenomenon influences the choice of
theoretical language used to describe the phenomenon. Phenomena, they argue, are always

described in certain theoretical terms from different points of view.

Levy identifies the mechanistic stance with a certain set of cognitive methods used to
approach “a particular set of phenomena” (Levy 2012: 105). In his view, the stance refers to “a
framework for representing and reasoning about complex systems” (Levy 2012: 104, 105).
But, as | claimed in the second section of this chapter, frameworks for representing and
reasoning is exactly what the EM thesis stands for. My MM thesis is closer to what loannidis
and Psillos have in mind. Similarly, | take it that the first out of three meanings of mechanism
that Nicholson identifies in his (2012) is supposed to refer to the same thing — a description of
a methodological approach towards discovery and explanation rather than a thesis about the
explanation itself.>® In my view, Ioannidis and Psillos’s arguments reflect the thesis of
Methodological mechanicism the best. They provide certain criteria for a mechanistic
explanation, and they discuss what it means to capture the phenomenon in the language of a
specific theory, but their argument should be interpreted as making the case that the
mechanistic approach to science is, first and foremost, a methodological stance and not a
metaphysical or epistemological one. However, in their discussion, the EM and MM theses are
still intertwined in a manner that prevents them from disambiguating the two as separate

theses.>*

%% Nicholson’s Mechanism meaning of mechanism is a “philosophical thesis that conceives living
organisms as machines that can be completely explained in terms of the structure and interactions of
their component parts” (Nicholson 2012: 152).

> As a short sidenote here, consider Ioannidis and Psillos’s arguments in light of the discussion from
the previous chapter. Ioannidis and Psillos’s view resembles the arguments from Fiorentino and
Dammann (2015), De Vreese et al. (2010) and my own presented in the discussion on the mechanistic
approach to disease causation from Chapter I. Concerning medicine, then, the thesis can also refer to a
possible strategy for understanding and explaining disease causation and regular physiological
processes. It corresponds to the methodologies of the basic medical sciences in their characterization of
phenomena, strategies used to acquire or gather data, ways of interpreting data, and finally, ways to get
evidence from data. Taking a mechanistic stance means explaining a phenomenon in terms of its causes

110



To conclude, a closer look at the discussions from the mechanistic literature in
philosophy reveals a distinct thesis underlying the notion of mechanism separated from the
discussion on mechanistic explanation; a thesis or stance which is predominantly about the
approach to phenomena, not about a correct epistemic framework for representing them nor

criteria for grading the quality and success of such an explanation.

Methodological mechanicism is best described by the stages of inquiry in the process
of discovery of a phenomenon. In the mechanistic literature we find this process divided and
analyzed into several stages. For example, Darden’s schema summarizes many of the accounts
from the literature. She distinguishes the mechanistic methodological approach “into at least
four stages: characterizing the phenomenon, constructing a schema, evaluating the schema, and
revising the schema” (Darden 2018: 258). Here, however, | will only present the first step —
identification and characterization of a phenomenon — and how it influences subsequent stages
of an investigation. This discussion will then be placed in the context of mechanisms in
medicine. | will discuss the further stages in a bit more detail in the last chapter, as a part of a

discussion on relation between mechanistic explanation and prediction.

2.5.2. Functions and phenomena

In his (1971), Kauffman argued that a system can be decomposed differently depending
on our interests and purposes. There can be more than one set of “sufficient conditions for the
adequate description of the behavior” (Kauffman 1971: 258). Although it is possible that there
is some “ultimate decomposition”, there does not need to be a single one such “that all other
decompositions are deducible from it” (Kauffman 1971: 259). However, for the decomposition
or a description to work, “descriptions of parts and processes of one decomposition need only
be compatible with and not deducible from the descriptions of parts and processes of a different
composition” (Kauffman 1971: 259). But what are the constraints for this carving of nature

into different decompositions or mechanisms? Are there limits to it?

on an intra-individual level. That is, taking a mechanistic stance is to provide an explanation of a
phenomenon on the level of biological, chemical, and physical causes. It says that certain methodologies
used in laboratory sciences are the best way to investigate those underlying biological, chemical, and
physical causes of human health and disease.
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Again, most if not all mechanistic philosophers accept that some mechanisms underlie
functions. There are mechanisms for some regular behavior or for some function. Can it be
claimed then that the phenomenon itself just is the function of a mechanism? Craver and
Darden do not identify the phenomenon with the function but rather with “the ability to perform
a function” (Craver and Darden 2013: 5). A mechanism does not necessarily need to implement
or fulfill its function all the time in order to be a mechanism for the function (consider how it
is also usually claimed that dispositional properties need not be constantly manifested in order
for an object to possess them). There is some initial weight to this position. For example, a car
engine is still a mechanism for transformation of chemical energy into mechanical energy, even
if it is parked and out of use for some time. Also, a function in the mechanistic literature might
sometimes mean the function of a part of a mechanism, and sometimes the function of a
mechanism as a whole. But still, the question remains. What is the function of a car? What is
the function of the heart or kidney? What is the function of an NMDA receptor? What do we

mean when we say a mechanism for a function?

I will not engage in thorough discussion on functions since it has been one of the most
discussed notions in the philosophy of science and the resolution of the debate, as usually, does
not seem close.>® But, one way or another, the notion of function cannot be avoided. Without
going deep into the discussion about functions let me just mention the three most popular
accounts here. The selected effects account states that the function of a biological trait (in this
case a mechanism or a part of a mechanism) of an organism is whatever the effects it has that
were selected for by the processes of natural selection. Next, the fitness account says a trait’s
function is determined by its contribution to the fitness of an organism. Boorse’s account of
health and disease can be taken as operating within the fitness account. The causal role account
stipulates that the function of a trait is its contribution to the overall effect of a system which it
is a part of. Rather than discussing which account of function from the literature is the most
plausible, we should, I think, consider what kind of an account of function do mechanistic
philosophers have in mind and what kind of an account of function do medical scientists and

practitioners have in mind in their practice.

Before | continue, | should address a possible issue. At this point, a reader may wonder

why | include a discussion on functions and mechanisms in my methodological thesis, and not

 Consider Garson (2016) for the latest overview of discussion and positions on functions in
philosophy.
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in the ontological or epistemological thesis? The reason | consider this as a part of mechanistic
methodology is because, ultimately, there are multiple ways to consider what a mechanism is
and how to represent it, depending on the theory of function we accept. Garson makes a similar
observation: “people might think about mechanisms slightly differently depending on how they
think about functions” (Garson 2018: 108). Similarly, a rather different approach to discovery,
explanation, and understanding can follow if a scientist considers that some biological
phenomenon is a byproduct of a functional mechanism, or it is its function in any of the senses

mentioned above.

The notion of mechanism, as repeatedly stated in the mechanistic literature, is
necessarily connected to the notion of function and often, function just is the phenomenon we
are seeking to explain. But are those two things the same? Does saying “mechanism for a

function” mean the same as “mechanism of a phenomenon”?

Craver claims that “The world does not come prechunked into mechanisms; it takes
considerable effort to carve mechanisms out of the busy and buzzing confusion that constitutes
the causal structure of the world” (Craver 2013: 140). The same causal structure can be
reconstructed depending on the specific function we are interested in (these claims can be found
all over the mechanistic literature, from Kauffman 1971, Bechtel and Richardson 1993, Craver
2001, Craver and Darden 2013 to Craver 2013). For Craver, and for many other mechanists,
the decomposition of a mechanism is necessarily tied to a specific function of interest. These
functions can reflect the interest of scientists, the scientific community, or a certain research
programme but nothing implies that they are there independent of our epistemic interests.
Therefore, Craver defines the function of a part of a mechanism and the function of a
mechanism itself through its causal role in the overall working of a mechanism or in bringing
about a phenomenon rather than using the selected-effects account of functions, fitness account
or Boorse’s BST account. Since it is a matter of perspective how a system or mechanism is
decomposed and what functions are singled out and explained, Craver names this view

“perspectivalism”.

As mentioned, many mechanists are realists about mechanisms in general, and Craver’s
perspectivalism (and it seems that Kauffman’s view can also be included) seems to be going in

a different direction. However, for Craver at least, perspectivalism does not imply agnosticism
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or antirealism about real mechanisms.>® Many mechanisms will share parts. One part can be a
part of several different mechanisms depending on the perspective (function) we are
considering. For example, cGMP is a component part in the mechanisms of vasodilation in the
co