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Life sciencesfor philosophersand philosophy for life scientists.
What should we teach?

Giovanni Boniolo, Raffaella Campaner
[Giovanni Boniolo and Raffaella Campaner have abuated equally to this paper]

1. Introduction

To mark the thirty years @iology & PhilosophyT. Pradeu (2017) wrote an article in which he
compares the topics of papers published in thengdwith the topics published in PNAS, in order
to highlight differences and similarities. The riesuas a clear mismatch: the fields of biology t bu
more generally, the life sciences — considereerims of a philosophical analysis were only a
narrow subset of the fields treated by scient&ssa result, Pradeu proposed some reflections that
re-opened a very old question concerning the oelahiips between science and philosophy of
science: which role for the latter? It is knownttdaring the contemporary history of philosophy of
science many answers have been given to this pnofgee the, albeit dated, classics, Losee, 1972;
Oldroyd, 1986). Some have sustained that the fgkhitosophy of science should be simply
methodological; others have proposed a clarifigatole; still others have suggested that
philosophy should have a proactive role, spurrtigrece towards new goals, or that a closer look
should be addressed to sciefiteractice etc! Putting aside a discussion on whether philosoghy o
science should be a servant of scienceafanilla scientiaruny or otherwise, philosophers of
science should inquiry where they are coming frowh &here they are heading to, and, more in
general, which should be the right way of collabaawith the scientific disciplines. In this

respect, reflections are worth continuing on thfp@ised by Pradeau concerning the dyscrasia
between real science and philosophy of (real?hseieas well as, more generally, the actual
interactions between disciplines, the modes ofjir@ton between them, and the proper features of
interdisciplinary research (see, e.g., Boon andBaaden, 2019).

We believe that to exhaustively address the cosasrised in Pradeu’s work two further aspects
need to be tackled. Both of them deal with educatistrategies and imply close collaboration

between disciplines, i.e. i) the design of prapaning for philosophers of the life sciences &nhd

! There is a long and classical tradition (PoincBréhem, Campbell, Mach, Boltzmann, Hertz, Enriqiesnard,
Popper, some post-Popperians, etc.) according ichvhilosophy of science is mainly concerned with
methodological/epistemological issues, while thiolagical, aesthetics, ethical and political issars sometimes
tackled (see Poincaré on ethics, Popper on politics) but considered self-contained intersedtisgiplines. We do
not want to enter this debate here, which surelylvdeserve an ampler space



the definition of the role to be played by philokers in the training of both life scientists and
clinicians. While teaching philosophy to scientists topic already addressed in the debate (see,
e.g., Grune-Yanoff, 2014), we suggest it shoulduipeher explored with regard to its role and
impact on research in the long run, and intertwiwwét reflections on education as stemming from
within the sciences and with pressing demandsdaranities asked by scientists themselvidghat
clearly emerges, for instance, from a quick sutvegugh PubMed, is the increase, in the last few
years, of works concerned with “philosophy of sceand medical education” and, more in
general, “philosophy of science™Ethics” is surely the object of large focus aslithis last trend
has been both wider and lasting for longer, buti&amentally stable in the last few yetars
Differently, epistemological, methodological anchceptual issues have been proportionally more
frequently addressed in recent scientific workgs fnenomenon witnesses a lively interest by the
scientists themselves in investigatin what theydaiag and the way in which they are trained, and
by the philosophers of science in properly undediteg these aspects and getting actively engaged
in the debate. If we grant the claim that someqgsiaiphical education is to be part of scientific
curricula, as suggested in an increasing literahuaewe mention along the paper, then we must
also be ready to design innovative training andssess its actual impact — in scientific as weihas
wider socio-cultural contexts. For an advocacthefrole of philosophy in, for instance, the
biomedical curricula not to be rhetorical, but engailly supported, we should be able to prove that
some joint training will also be the premise fottberesearch at later career stages, being ready t
re-assess whether this is in fact the case irotige dun. This interdisciplinary exercise should be
evaluated not only per se, but also with respetitédoenefits it could provide to the single
disciplines involved.

These are the issues we wish to examine in whiatffs] discussing whether and how training
should be re-thought on both sides, the biomeaiedlthe philosophical one, and whether they
would be better addressed jointly, rather than festimer the perspective of the biomedical curricula
or the philosophical ones, as it is often the ceserder to foster a genuine and fruitful dialogue
between philosophers and scientists.

Concerning the first issue, i.e., training philokers of the life sciences, we do not aspire to idev
any definitive, final format. Rather, we aim to oefpa first hand training experiment (run by one of

2 See e.g. Quintero (2014); Regh and SmithBattl&%p0

% From a research on PubMed, it appears that ocmesef “philosophy of science” have constantlyéased in the
last few years as follows: 2015: 102; 2016: 109,72A.17; 2018: 139; 2019 (half year): 82. Jointuppences of
“philosophy of science” and “education” have alkown a slight increase: 2015: 9; 2016: 6; 2017:20A4:8: 12; 2019
(half year): 7.

* According to PubMed, “ethics” has been directldi@$sed by many works in the last few years, witasically
constant trend (apart from a decline in 2018). @etices in works: 2015: 937; 2016: 943; 2017: 202;8: 102; 2019
(half year): 472.
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the authors), held in Milan a few years ago. Wektii provides a good starting point to reflect
upon what a young philosophy of life sciences smhsthould be taught to make him/her aware of
the frontiers of the research and able to face thleitosophically with the right scientific or clial
knowledge. We believe that this sort of trainingpenence could be one possible therapy for the
mismatch, highlighted by Pradeu, between what iedo the life sciences domain and what is
done in the philosophical domain. Thus, in thet fesction below (8 2), we present in a narrative
way this training experience so that, on the omelhé does not fall into oblivion or remain in the
private memories of the few who lived it, and, be bther hand, it could be an indication of a
possible curriculum for young philosophers of tife $ciences and stimulate critical reflections.
Some general features of such a training programight be worth sharing - such as the topics
taught, the number of students enrolled, and thea@nal strategies adopted — and some of its
outcomes — such as the number of the publishedpapd the number of the graduates getting a
job in the short run — might help reflecting on suecess this educational format can encounter.
Differently from other works debating educationedgrammes and their profiles, the present paper
intends to complement theoretical discourses omtdats of interdisciplinary education with
evidence regarding its actual consequences inipeaéiurthermore, it aims to address
philosophical and biomedical curricula jointly, laling on the idea that “the future of the
relationship between philosophy and medicine depemithe development ottao-way trade
between them” (Fulford 1991, p. 81, italics added).

Concerning the second issue, i.e. philosophicalitrg for young scientists, we are strong
supporters of the need for the humanities, philbgap particular, in the education of both life
scientists and clinicians. Advocacy of the needdaching philosophy in medical education is by
no means nety and continues to be pursued in articulated thieateerm$, suggesting that there
is a strong training role that philosophers could ahould play in the life sciences. While scidstis
often become interested in philosophical issueswhey are in the later stages of their careers, we
believe that a shift of paradigm should be encoedlaand that some philosophical tools should be
increasingly provided in the earlier phases ofrtheaofessional life. In order to accomplish this,
philosophers will have to adopt a highly informexdveell as a respectful attitude, getting to know
deeply what the scientific enterprise is like. they words, as philosophers we should not try to
teach young life scientists or medical studentstwieathink relevant from the perspective of our
philosophical researches, but rather what they aeddvhat we, discussing with them, agree is
necessary to better understand the bases (oruhddtons) of their theoretical knowledge and
practice. In other termsas philosophers we should not teach young tiensists or medical

® See e.g. Spike (1991).
® See e.g. Andreoletti and Maugeri (2019).



students what we know, but what they actually n€kd question to address hence becomes: what
doreally need from the philosophical side? We have trieanswer this question — that we
consider central from an educational point of viegtarting, as we will show in 8§ 3, from the
(sometimes explicit, sometimes implicit) requestsing from the scientific area. Such requests
come not only directly from papers on educationatters, but also — as we will recall below —

from works addressing methodological and concepoiaterns stemming from within biomedical

research.

2. Science for philosophers: the successful Milan experience

In June 2004, one of us (GB) had dealings withsthentific direction of the European School of
Molecular Medicine (SEMM), which, in cooperationtiwvthe biomedical departments of the
University of Milan, ran two PhD programmes: onarialecular oncology, and one in
computational biology. SEMM is an educational ingion established by the FIRC Institute of
Molecular Oncology (IFOM) and European Institutedsfcology (IEO). IFOM is a research
institute dedicated to the study of the moleculachanisms involved in cancer formation and
development. It is financially supported mainlydayItalian charity (FIRC) collecting funds for
cancer research. The IEO is a comprehensive caeseital and research centre engaged in
cutting-edge investigations in oncology, rangingnirbasic to translational level. Both the IFOM
and IEO scientists work on a campus (the IFOM-IE@nPus) close to the centre of Milan.

After a period of productive discussions, the difierdirection of SEMM, accepted the project
proposed and decided to start an international pleQramme in “Foundations of the Life Sciences
and their Ethical Consequences” (FOLSATEQhis was an extremely important cultural step
ahead since it introduced humanistic topics andissuin a genuinely scientific environment. It was
the only Italian but also - as far as we know eiinational humanistic PhD programme to be
implemented directly in a biomedical school. It gllobe noted that this was not a scientific PhD
programme with a pinch of humanistic content, bather, a PhD programme in philosophy offered
by a strictly scientific institution (the SEMM). Was a blow against the idea that there are two
irreconcilable cultures and that undergraduatepmst-graduate education should keep the two
cultures rigorously detached. It was, so to spaakal example of overcoming the danger
described by C.P. Snow in 1959 in his lecture avaktThe Two Cultures and the Scientific

Revolution”.

" Some numbers of the IFOM-IEO Campus: about 2480 surface area; 12.000 sqm of laboratories; 66€arch
work stations; 450 researchers; 35 research gra3pchnological units.
8 G. Testa was appointed as deputy director



The explicit educational aim of FOLSATEC was toateshighly skilled scholars in the humanistic
disciplines concerned with biomedical research@mital practice in order i) to ameliorate the
conceptual understanding of the philosophical fatieths and the ethical implications of
biomedical research and clinical practice; ii)rtgorove patients’ quality of life by empowering
them and providing humanistic awareness to pranstis. The programme’s core target was
therefore to train young philosophers of biomedicamd young ethicists. It was also desighed in
order to make the studies and researches carridthwa a strong impact on real biomedical
activity, both in terms of the analysis of its faational issues and of the ethical questions irdplie
In other words, the basic idea was to contributidédatraining of scholars who would have an
impact both from the conceptual and the ethicattpof view on what now can be labelled as
science in practice, in particular biomedicine fiagtice. In this sense, reflections on the design,
structure and implementation of the PhD programrasewot only inspired by inter- and trans-
disciplinary reflections and educational reseanthgples, but also targeted at improving, in the
end, quality of health care.

In order to accomplish such targets — which havé ba educational and, through it, also a socio-
political value — the PhD programme was plannegréwide for the possibility i) to address and
analyse in depth a variety of bioethical and satissues; ii) to explore the philosophical
foundations of molecular biomedicine and clinicedgdice; iii) to refine
logical/analytical/philosophical skills to bettechgeve i) and ii); iv) to be acquainted with lab or
clinical practice; v) to conduct genuinely intesclplinary research that effectively combines
scientific and humanistic subjects, interactingw@nd observing the work of) top scientists and
experienced doctors; vi) to learn how to tacklegretical, cultural and societal-political impacts
that biomedicine and its progress can have. Tlagets were especially pursued by making young
researchers directly observe frontier researchésak® part into work in the lab. Science in
practice was hence not just a theoretical targeineeived as a set of activities to be
philosophically analysed — but also a practical er@s meant to ultimately improve patients’
conditions.

In 2006, the 4-year PhD programme was launchedaateld until 2015, when it was unfortunately
concluded for reasons not pertinent to the presdisotission.

Over the years, several philosophers visited, tedtor taught on the programme (e.g., R. Andorno,
M. Bedau, M. Bertolaso, W. Callebaut M. D’Agostinio,De Beaufort, J. Dupré, B. Fantini, M.
Ferraguti, J. Griesemer, J. Harris, G. Hermererti@m, N. Hoppe, S. Jasanoff, S. Leonelli, N.
Levy, M. Mameli, M. Morange, M. Nathan, S. Okasta, Plommer, F. Russo, J. Sprenger, D.



Teira, etc.). Some of them left a lasting impresdar their humanity, competence and educational
capacity on students and on campus life.

The educational curriculum was constructed alongdifferent lines. It was designed first to
provide an extremely wide basic preparation antthup a common ground for students from
different disciplines. The curriculum then aimedsszure a theoretical and empirical scientific
education to students coming from a humanistic ¢wamzknd and, vice versa, furnish a philosophical
education to students coming from a scientific lggoknd. The goal was to achieve a pretty
homogeneous background knowledge, with no groupghieia privileged position with respect to
any others. For this purpose, in the first two gahe students received very broad training
spanning several different areas also with the asimmentioned, to fill either their philosophical o
scientific gaps. As mentioned above, one of thetmaevant aspects was that the students also had
empirical training working with real scientists ganuine frontier scientific problems in real wet or
dry labs or on real wards. In this way, the unfoste situation was avoided of “creating”
philosophers who could speak only about fictionaeples of fictional science or about science
that was not the most up-to-date. We were detednineother words, to avoid creating armchair
philosophers. An essential contribution was givethe scientists of the IFOM-IEO Campus, who
published really innovative papers in the most ingoat scientific journalsNature ScienceCell,

etc.) and spurred the young philosophers to dséhee in their fields

Following this line of thought, in the first two es the students had to attend classes for abQut 25
hours per year on Bioethics, Biolaw, ComputationFbilosophers, Epistemology, Evolutionary
biology, Foundations of Ethics and Bioethics, Fatmhs of Probability and Statistics, General
Philosophy of Science, History of Biomedicine, Lognd Rhetoric, Philosophy of the Life
Sciences, and STS and the Life Sciences. Moretwey,were also asked to follow (but it would be
more honest to say that they were obliged to folle@me classes of the other two PhD
programmes, in particular Bioinformatics, Develomtad Biology and Animal Models,
Fundamental Principles in Molecular Oncology, Geiwsnand Proteomics, and Scientific
Methodology.

° A remarkably large number of papers having amdedy authors former students of this program hageared in
high-impact journals. We cannot list them all. Let just recall, e.g, Maugeri and Blasimme (2011ydwi and
Sprenger (2013); Germain, Ratti, Boem (2014); Aokté et al. (2016); Sanchini et al. (2016). Vasoother
publications appeared in such journalsA¥0B Neuroscience; BioethjcBiological Theory; Biotechnology Journal;
Cambridge Quarterly of Healthcare Ethics; Europedournal of Cancer; Journal of Assisted Reproductand
Genetics; Journal of Medical Ethics; Lancet Oncglplyledicine, Healthcare, and Philosophy; Minds avdchines;
Multidisciplinary Respiratory Medicine; PLOS BiokggPublic Health Ethics; Studies in History andilBkophy of
Biology & Biomedical Sciences; The American JounfaBioethics; Theoretical Medicine and Bioethics, as well as
in a number of collected volumes



This rather extensive and varied interdisciplinaasis was intended to form a strong backbone
allowing each student to establish her/his ownaeede but with the awareness also of what was
happening in related research fields — most rediscbveries and progresses, need to convey and
translate them into practice, most urgent issueg,eaching was delivered bo#x cathedraand,
very often, in an extremely interactive way. Studeaiso had to attend real lab activities, onénef t
specificities of the programme. During the firstageeach student, whatever his/her background,
had to spend half her/his time in three differemt wr dry research labs within the IFOM-IEO
Campus to become acquainted with empirical up-te-didomedical science. During this period
s/he also learned the different techniques impleéetem the three labs attended. In this way, not
only were the students concerned with scientifiacfice, but they actually “practiced science”
themselves. At the end of the first year, eachestutiad to choose a lab at the IFOM-IEO Campus
or at the IEO hospital where s/he would spend theif second year. The third and the fourth years
were mostly devoted to the specific research chbgehe student.

In addition to this basic theoretical and empiri¢edining, other educational activities were
scheduled. In particular, there were i) Studenttmgse with journal surveys; i) Research Unit
Meetings, iii) Reading Clubs.

In the Student meetings with journal suryesach month either second- or third-year students
presented their research progress, talking foreaisp time as training in time-constrained public
speaking. Presentations were followed by a sur¥elgeomost relevant papers published that month
(each student was tasked with reviewing the moktvaat papers appearing in a series of
international journals). ThResearch Unit Meetingsere monthly meetings of the members of one
of three research groups: one on the philosoplficaidations of biomedical research and clinical
practice; one on the relevant ethical issues, ar@dam STS topics. During these meetings, papers
were read and discussed, and research issues ethaBjsally, there were thReading Clubsa
series of meetings planned and organized by thaests in order to read classical philosophical
works which could provide relevant hints on metaitgl, ontological and ethical matters. The
curriculum designers believed it essential thaining in philosophy should include reading the
classics. Following this “philosophical prejudicat,was planned that over the four years of the
PhD programme the students had to read and ceobdgtdiscuss at least: Platdheaetetus
Aristotle, Metaphysics Aristotle, Nicomachean Ethi¢gsDescartesDiscourse on the Method.
Kant, Groundwork of the Metaphysics of Morals Kant, Critique of Pure ReasqorD. Hume,
Treatise of Human Natuyel.S. Mill, Utilitarianism; J. Rawls,A Theory of JusticeE. Mach,
Erkenntnis und IrrtumH.J. Poincaréla science et I'hnypothesE. Duhem,La théorie physique:



son objet et sa structureE. Cassirer,Substanzbegriff und Funktionsbegrifk.R. Popper,
Conjectures and Refutatigng/.v.O. QuineOntological Relativity and Other Essalfs

Each student was followed by i) a supervisor, chdisem the teaching staff; ii) an external advisor,
chosen preferably in Europe and whose expertiserglated to the research topic; iii) an internal
lab advisor, chosen within IFOM-IEO Campus or & tBO hospital. In this way, each student was
closely supervised and helped by an expert ondahniques and affairs, by a member of the
teaching staff, and by an expert in the topic oinctvis/he decided to work. Moreover, a number of
seminars on several different biomedical and sanetialso humanistic topics were scheduled at
the campus each week during the year.

Of course, there were several assessments. Ircydarti during the second year the student was
requested to write a probationary period reportictvlwas evaluated in order to pass to the third
year. During the 3rd year, between May and Jureesthdent was invited to hold a public seminar
at the campus to show her/his preliminary resutid the plan to complete the work in time to
discuss the thesis. This seminar was evaluatedelsin the 3rd year, a first draft of the thesis,
even if incomplete, was evaluated by the PhD dieand teaching staff. At the end of the fourth
year, there was théiva Voce Examwhere the student defended her/his doctoratestiediont of
two examiners, one internal and one belongingEar@pean scientific or philosophical institution.
The international mobility of the students was\aii encouraged, spurring them to participate to
international meetings to present the results eir ttesearches and inviting them to spend a period
abroad at a renowned European institution for abBaubnths.

From 2006 and 2014, around 300 individuals appdied around 30 were enrolled (more or less,
50% males and 50% females). Their provenance wemational: they came from Italy, Germany,
France, UK, Serbia, South Africa, Canada, USA, BraXigeria, Australia, Lithuania. 24
completed the programme and 23 of them now havered#t temporary or a permanent position in
academies or in private companies in several cmsn{iFrance, Germany, China, South Africa,
USA, Switzerland, Italy, UK). We take this to sholat the Programme was structured such as to
grant participants with expertise and skills thatild match professional requirements, both within
and outside academia.

The students lived in an extremely exciting andlinscientific and cultural environment. They

were induced to work and discuss collectively, sigaideas, writing papers together, exchanging
competences, and — of course — friendships, thiatattinue'*.

As mentioned above, there were three research grome dealing with philosophical issues, one
with ethical issues, and one with STS issues. @weperiod in which the programme was active,

10 Actually, not all of these works were read in theitirety. Chapters and excerpts were properlgeho
Y There has been also a FOLSATEC marriage and nene th a FOLSATEC child!



about 90 papers written by the students alone tbr members of the faculty were published in the
most important international journals. This cleat§monstrates how the programme, while paying
deep and specific attention to novel training moeess also meant to introduce students early on to
careers as professional researchers, teachinghtbento focus on clear deliverables and how to
elaborate successful joint research products.

The PhD programme is now virtually extinct, eveadamething totally different continues under
the same label. It was a quite exceptional educakiccientific, and existential adventure, which
was made possible by the co-presence of a whotge rahextremely favourable circumstances,
such as: a particular scientific environment, wjtkat laboratories and facilities available to both
scientists and philosophers; specific boundary tmm$ (especially economic ones); great cultural
openness and availability of dedicated and coopertip senior philosophical scholars, top
scientists and clinicians. In other words, educetiovisions could be very nicely implemented
thanks to very favourable material, cultural andie@conomic conditions. Although by no means
easy to replicate, this experience offers a clestance of how the dyscrasia highlighted by Pradeu
between the life sciences and philosophy of lifersmes could be successfully put right through
strategies implemented in educational contextsakl an experience that would be a pity to forget
or not take into consideration since it constitie€xample in the educational history of our
discipline, in many respects a litmus test forpghes and cons of philosophy of science as applied

in scientific contexts.

3. Philosophy for life sciencestraining

In the section above we have told a story abowdarcational programme for philosophers of
biomedicine and bioethicists, a programme whick seen — was strongly scientifically informed,
not only since scientific knowledge was provided fmainly because it was realised in a scientific
environment to which all participants belonged anavhich they all played an active part. First-
hand experience of how scientific investigatioresci factocarried out was no doubt one of the
major added values of the programme. Now we waatltlress the other side of educational
programmes across science and the humanities hamdreow philosophy might be a necessity and
should be included in the educational curriculgaafng life scientists and clinicians. While the
previous example began with the story of FOLSATEG @ossible model for training philosophers
of biomedicine and bioethicists, we start now pnésg some general reasons why philosophy is
necessary for the life sciences docan support medicine in the effort of maintainitegyepistemic
authority and credibility in society” (Andreoletthd Maugeri 2019, p. 3YVe argue for an educational
model in which philosophy and philosophers playagomrole. What is interesting from the sketchy



review below of the reasons supporting the ideaghdosophy is necessary is that they are not
advanced only by philosophers in philosophical jals but largely by life scientists or cliniciams i
scientific journal$®. And it is exactly to meet this increasing deméotdmore philosophy - in
particular of ethics and philosophy and methodolofigcience - that we constructed our answer to
the question concerning which philosophy a meditadent mostly needs in order to become a
good scientist or a good physician.

R. Smith, the former editor dthe BMJ has vibrantly stated that “healthcare, which is
suffering an existential crisis, badly needs thip loé philosophers” (Smith 2016). Such a feeling is
shared by an increasing number of biomedical sisisrand clinicians: all of them are asking for
more ethics, more philosophy of science and mot@odelogy of science in the training of the
young generations. For example, A. Casadevallyadggmatic exemplar of this kind of
philosophically-interested scientists, is a strengporter, at graduate level, of putting “the ‘Ph’
back into ‘PhD’”, i.e., Philosophy into Rhilosophiae Doctoprogramme. Philosophy can, in turn,
be included in a range of different approachesspatific vantage points. We already mentioned a
few of them above and many more could be recaied €.g. Casadevall and Fang, 2012,
Casadevall, 2015; Prather et al. 2009; Couzin-Fek@013)** Philosophy in turn includes a range
of different theoretical proposals, sub-disciplim@s vantage points. We should hence be clear on
what philosophical approaches might really makéfarénce to medical education, and should
urgently do so.

Why ethics?This is a relatively easy question if considenedhie light of the biomedical sciences
themselves. On the one hand, there is a need for mkegrity among researchers and clinicians, as
the reports of scientific fraud and miscondficand the growing number of retractions connected
with un-ethical behaviours shd® On the other hand, the surprising research aneregments,
especially in the field of precision medicine andtéchnology, demand new ethical analy&ekn
addition, there is no clearly shared idea of wiatstitutes a conflict of interest both at the resea

125ee the paper in PNAS written by a group of sciéstind philosophers (L. Laplane, P. MantovanAdriphs, H.
Chang, A. Mantovani, M. McFall-Ngai, C. Rovelli akd Sober): Laplane et al. (2019).

131t worth recalling also Griine-Yanoff (2014) whapided a detailed analysis of the limits of thendterd teaching of
the science curriculum, and suggested a few darestin which it should be revised.

 There is a huge literature on scientific frauds amdconducts. See, for example, Corbyn,(2012); Edsvand
Siddhartha (2017): Yong et al. (2013); Hartgeril20Q Horbach et al. (2016); loannidis (2011).

!5 See e.g. Fang and Casadevall ( 2011); Steen, Sasbet al. (2013); Resnik, Wager and Kisslingl(®0 Wager and
Williams (2011). See also: http://www.the-scientistn/?articles.view/articleNo/44895/title/The-Top-Retractions-
0f-2015/ and http://www.the-scientist.com/?artickemn/articleNo/47813/title/Top-10-Retractions-d4®5/.

®Here there is an enormous literature. As an exaofitentemporary debate, see what is said abouiatui's
announcement and the first germline-edited bahiesigh CRISPR technique: Cyranoski and Ledford §201
Cyranoski (2018), and the Editorial on How to respto CRISPR babies (Nature 564, 5 (2018), doit®8/d41586-
018-07634-0; Cohen (2018).
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and clinical level’. All this requires that a PhD student be exposeéthical issues. Of course,
none of those who ask for more ethics is seekingaasform a life sciences PhD student into an
expert ethicist. Rather, s/he should be requirdchtaw what ethics is about, and that any of her/his
actions (as a future researcher or future clinicrmay be ethically valued and can have societal
consequences.

Why methodology of scienc8peaking with PhD students and biomedical resegsatr clinicians,
but also reading articles in top journals, epistiogioal issues arise as to what science and its
methods exactly are. In particular, seldom is tleer@encontroversial, totally and undoubtedly
shared understanding that Galilean science, ue.s@ence for at least four centuries, is based on
the disclosure of data and empirical procedures tlaat it is this disclosure that allows the
replicabilityand the reproducibility of outcom&sWithout the transparent disclosure of data and
empirical procedures, and without replicability aegroducibility of the empirical results, the
science we have and we know would no longer eaisery trivial point too pervasively

forgotten’® as many warf’ This is an extremely serious problem, not onlysicience and
scientists* but for all society, since there is a risk tha¢froducible data could be used to propose
diagnostic tools and therapeutic treatments teptsi Moreover, without the characteristics just
mentioned how could science be separated from &thds of knowledge, and serious and
scientifically validated medical treatments be idgiished from dangerous or absolutely

ineffective treatments offered by alternative, scentific approaches? All these issues — as sell a
those addressed below with regard to philosoplscigince - make clear that the epistemological,
methodological and conceptual matters dealt witle etually have also a cultural and political
impact, having to do, in a wider sense, with theception of science and the defence of scientific
method, the use of products of scientific investayes in a given social context, therapeutic cheice
and preventive strategfésEven in this case, none of those who ask for mwthodology of

science is asking to transform a life sciences Btoident into an expert of methodology. Rather, it

7 see, for example, McCoy and Emanuel (2917); Fontsazand Bauchner (2017); Thornton (2017); Finet2047);
Ginsburg and Levinson (2017).

18 As is known, replicability concerns the possiilib reobtain the same results with the same exeertial set up and
procedure by the same researcher in the sameelatmducibility regards the possibility to reobt#ie same results
with a different experimental set up and procedwyra different researcher in a different lab.

9t is so pervasive that there is also a Wikipesitry on this: https:/en.wikipedia.org/wiki/Regliton_crisis

2 Boniolo and Vaccari (2012); Andreoletti (2016); Bagand loannidis (2015); Casadevall and Fang (2QEBvis
and Williams (2016); Freedman and Inglese (201€§. &so the special issue of Nature (2017) on Engdls in
irreproducible research, Nature; and the maniffsstoeproducible results, Munafo et al. (2017);dehman et al.
(2015).

L The irreproducibility of scientific results is $ua well perceived issue that we are seeing thle bimew funding
agencies exactly devoted to replication of scientésults. See, for example, Baker (2016).

#2 3ee e.g. concerns on drugs (e.g. Andreoletti aird 2019)
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is asked that s/he knows that there is somethilbgdcanethodology and that her/his daily job in a
lab or in a ward is characterised by a specific wigroceeding.

Why philosophy of sciencéftwo-facet answer could be given. On the one hamghilosophy of
science competence could help avoid certain reagdallacies, which could jeopardize our way of
interpreting scientific results and clinical tedter example, the fallacy of inferring positive
conclusions from negative data, the fallacy ofdaffemation of the consequent, the fallacy of the
false generalization (Casadevall and Fang, 201#)tlee confusion between a statistical correlation
and a causal correlation (Velickovic, 2015) areeaxiely common and easily found in scientific
papers. Having a philosophical preparation in adraeguments could improve appropriate
reasoning in the research environment, and inlthe §Bosch, 2018; see also Bartlett and
McKinley 2013; Amey, Donald and Teodorezuk 2017%z&tdo-Omafia et al. 2010; Kurzenhauser
and Hoffrage 2002). These kinds of concerns amgaligtaddressed through an increasing range of
initiatives, witnessing the large consensus onrtiportance to put philosophy back into natural
sciences. That these are timely and relevant dsms is also shown, for instance, by the growing
field of "metascience”, which explicitly addressastatheoretical issues about scientific practice,
methodologies, culture and norms influencing s@encquestioning, for instance, how our
statistics, methods, and measurement practicest @ffe capacity to identify robust findings,
whether the distinction between exploratory andficmatory research matters, what replication is

and what its impact and value are, how scientidespret and treat evidence (see

https://www.metascience2019.9rd\ll these aspects have to do with our modega$oning and
interpreting and employing scientific evidence.

If wrong reasoning is made in a lab, at maximunmhaee a bad research outcome and a bad paper,
but if wrong reasoning is made at the patient’ssimk| it could endanger that patient’s life! Ané th
same could be said on the preventive aspects. @mlyephilosophical competence could provide
a correct understanding of the theoretical foumdtatiof probability and statistics. From what we
have read over these last years, it seems tha&t igap clear, univocal and shared idea, for
instance, of what a p-value is, what its connectwith a confidence interval is, what
scientific/clinical relevance is, efé This, again, could be extremely dangerous bothdiagnostic

or therapeutic stage and at a preventive stageeveherrong interpretation, or use or
communication of statistical results could jeopsedior example, the planning or the success of a
screening campaign (see Altenberg, 2015, Fertatlteviciute, Boniolo, 2017)

2 Of course, here we cannot avoid quoting loanr(2®5), whose impact also on public opinion hasEermous,
as the article on The Economist of Oct 19th 20X8wvsh(*How science goes wrong. Scientific reseatas ¢thanged the
world. Now it needs to change itself”). For theqagation of the problem, see also Nuzzo (2014) .
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This lack of philosophical knowledge of the foutidias of the two above-mentioned disciplines
characterizes not only the research domain bugrtunfately for patients, even the clinical sphere.
There are reports showing that sometimes theredriect understanding of what a survival rate
can tell us, or what the difference between thsisgity and specificity of a test, or positive and
negative predictive values are (Wegwarth, 2012;Agp@003). Again, none of those who ask for
more philosophy of science is asking to transforlifessciences PhD student into a philosopher of
science. Rather, it is asked that s/he knows heaietis a proper way of thinking, with its own sile
— coded down the millennia — and that there areyroanceptual issues under the statistical
software s/he is using. Philosophical reflectionglee foundations of probability and statistics can
complement knowledge of technical tools with somdarstanding of implicit assumptions,
possible interpretations and chosen meanings aansotmployed. A philosophically correct
understanding of all these aspects is not an @il luxury but necessary in order to properly
understand the results of a clinical test, an erpant, and a clinical trial.

Thus, what is the most adequate epistemic attitn@eneliorate the situation?

Certainly, it is good and praiseworthy to denouinaads, misconducts, errors of reasoning, lack of
ethical sensibility, ignorance of the basics ofsb&ntific methodology and the philosophical
foundations of, for instance, probability and stats, and modelling. To complain and to denounce
is certainly right also in order to warn that we annning the risk of distorting science as we know
it, undermining, in the long run, also trust ineswe and its social role. Denouncing should be
accompanied by a more proactive stance, one whinbtialways conveyed by literature on the
topic. Theoretical reflections should be accompaubie constructive engagement with the
education of the future generations of biomedicartists and clinicians, to make sure that the
genuine status of science is preserved — as reglegtscientists and clinicians themselves — and
that we are overall able to make the most out iehsific progress insofar as health conditions are
concerned. We should promote changes or adjustnmetite usual curricula of the bioscientific
programmes and medical schools in order to insererathics and more philosophy and
methodology of science, i.e., more humanistic sttbjerhich — given our present concerns here —
have a direct impact on methodological featurescantific enterprise. A proper training of future
researchers and clinicians is the best defencasighie awful risk of missing the science we know
and trust. This could mean missing reliable scienfindings and failing to make a clear
demarcation between science and other, unrelitdsies of knowledge: the only shields against
fake science and pseudo-science. Philosophersericgcare hence called to take the full

responsibility for this educational role, and, wdfif it, to engage into interactions with sciemsisiot
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only on philosophically interesting theoreticaluss, but also on practical, contingent, educational

matters.

4. Conclusions

Interdisciplinary research projects and teachiriyities involving philosophy of science and the
biomedical sciences have been increasing in thdeasyears, as widely witnessed by the
expanding literature on the topic, both in scieaé in philosophy journals. Important centres,
research groups and networks devoted to the plplosof biology and biomedicine operate in a
range of institutions worldwide, with a strong fsaon actual scientific research and practice.
While driven by analogous tenets, the training atidcational projects described above have been
presented as special experiences, requiring a K@&rfggourable conditions, scientific contexts and
cooperative relations. We believe that a few oirtfeatures might allow to make some significant
steps forward in discussing educational issuelseatitossroad of philosophy and medicine,
addressing them jointly and building bridges betwi#®oretical considerations and educational
practices — possibly getting to some shared bestipes. In particular, we think three aspects are
worth stressing. To start with, educational expergs like FOLSATEC need to be implemented in
an environment in which students with a backgromnghilosophy can work side by side with
scientists in the labs, thus learning technicaéetspof experimental practice in great details.
Secondly, implementing a philosophical course fedimal students which proves really relevant
for medical education needs to: a)rbandatory— as opposed to optional — falf students in
Medicine; b) span oveéhe whole six yearsn the degree in Medicine and Surgeryjomtly
addresgopics in philosophy of scien@ad bioethical issues, thus highlighting their clos&ations
andmutual relevanced) involve, during lessons, presentationaatiial casedy senior colleagues
in Medicine, thus showing the strong and direavwahce ophilosophical discourse for clinical
practice Thirdly, the activities described above are tacbeceived within a single, wider

% To recall just a few, as for research groups eseg, the “Theory and Method in Biosciences” rese@roup
(University of Sydney); “ImmunoConcEpT” group (Ueisity of Bordeaux); the PhilnBioMed network. Witsspect
to teaching, examples are provided both by widgatinies — as the R3 Graduate Science Initiativetilly

‘Thinking Science™ at Johns Hopkins University (Mknd, USA) led by Gundula Bosch — or by the itisa of
specific courses into curricula — as, e.g., thesmoen “The science and its philosophy”, delivdrgdhe Department of
Biology at the University of Lund (Sweden), and miatory for all PhD students in biology. See als@atwik done in
the Medical Schools of the University of Redlan@#(USA) by James Krueger and of the Universitit#bama
(USA) by Ted Poston. Another important educati@ample, where biological and biomedical aspe@sansidered
together with humanistic aspects, is given by thempgean Advanced Seminar in the Philosophy of ifee3ciences
(EASPLS), which is held each two years (the lasttimes at the Konrad Lorenz Institute for Evolatend Cognition
Research) since 2008.
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perspective: a training in which the sciences dntbgophical reflections figure jointly is not t@ b
confined to a specific stage of one’s educatiolHsit just elective — but it isansversalo all its
various phases (undergraduate, PhD, early caragestand integrated with them.

Over and above specific features of single projedtisitives, what general take-home lessons can
be drawn from such experiences that might be ratefea a better understanding of present — and
future — relations between philosophy of the lfeeaces and the life sciences themselves?
Reflections can be made at a number of differaml$e regarding both scientific and practical
issues. On the one hand, we are encouraged tosideotthe mutual role and possible interactions
between philosophies and the sciences, not origrins of theoretical discourses (e.g. on inter-,
multi- and trans-disciplinarity), but as enactedasearch contexts (e.g. in everyday work in labs).
On the other, any novel approach to higher educatia professional training must entail
reconsideration of actual educational curriculava8l, and on the impact of curricula on
professional lives. If we agree on the importaricgoone scientific training for philosophers and
some philosophical training for scientists, thenmight also have to question the structure and
organization of higher education and early careecgsses. For instance, would present curricula in
philosophy — e.g. Master and/or PhD programme$owdbr the inclusion of scientific training
courses, and vice versaAre some curricula in education worldwide moredfarable than others

in this respect®? Could some good lessons be drawn by systematicaitparing results — e.g.

joint works in the sciences and humanities — olktawithin different educational and training
systems?

A second relevant aspect — which in a sense “buifdghe previous, but concerns also the actual
impact of some “mixed” training in the longer rumas to do with early careers. To what extent do
the job market or applications for grants and fe#lbips reward the effort of acquiring some proper
tools in both the sciences and the humanitiestfelatiditional effort required worth it, in terms of
access to some job placements and/or researcltim®djEheoretical reflections on in principle best
interactions among disciplines should not ignocpcal constraints. At least intuitively, it seems
easier to get some knowledge in the opposite fieMhich, undeniably, requires extra time, energy
and commitmenf — if one has already an established position withscientific community. If
philosophical interests in the sciences or scientiferests in the humanities are not to be acort
“late career addendum”, but, as argued above gpdrparcel of standard training, then proper

% 0On some features of conventional curricula, seée&tanoff (2014), § 2.

% See e.g. the major/minor university system.

27 While strongly supporting the transfer of somestific knowledge to philosophers and of philos@ahi conceptual
and methodological tools to scientists, we canomget that the enterprise requires strong commitnignlding, for
example, a common language and theoretical frameiwdar from trivial, and often requires selectithg proper
degree of simplification — such that, while keepihg core message totally intact, sometimes tisane need to be
familiar with all the subtleties that only majorpexts in the field command.
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recognition of some trans-disciplinary work shob&warranted from the start. While vast,
literature on educational cross-disciplinary scesastill tends to neglect these aspects, which we
believe need to be seriously considered for thatgeio get beyond academic discussion and
translate into wider scientific, social and culiurapacts.

Boon and van Balen (2019) stress that ‘integrationof theories and disciplinary perspectives is
the first task for interdisciplinary collaboratidot clarification of the specificities of the
disciplines and of the way in which in a disciplikeowledge’ comes about” (p. 23). We agree,
and think that this holds for all disciplines. Legg how“knowledge comes about” must be a
target when approaching a field. Finally, whateékamples given above might teach us of the
relations between the life sciences and the philbers of the life sciences is that the engagement
of the latter must be measured not only with resfmethe topics chosen in research contexts, but
also with regard to the roles in educational preessActual experiences across disciplines, rather
than theoretical, scholarly reflections on intecghénarity, might prove more effective in order to
have scientifically informed philosophers and psaphically conscious scientists. “Many studies
focus on organizational and institutional obstattemterdisciplinary research, rather that the
cognitive and epistemological obstaclesid., p. 8). We believe that: i) the focus should Ioet

just on interdisciplinary results of research perisit also on the benefit that the exchanges
between different disciplines can in the end haithin each single field involved; ii) rather than
being prioritized differently, organizational, iftational, educational, cognitive and
epistemological aspects should be addressgether iii) addressing philosophical training for
scientists and scientific training for philosophasstwo sides of the same coin, and being
committed as philosophers with respect to bothkédy to be a very fruitful way to shed light on
“how knowledge comes about” in both fields. As st lpoint, we wish to stress that, as the
examples from the scientific literature and teaglantivities and projects have shown, only by
jointly considering research issues, training atities, and institutional and organizational early
career conditions can we have a rethinking of étation between philosophy of science and the

life sciences that has an impact on the futuredatmsth fields.
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