VRIJE
UNIVERSITEIT
° AMSTERDAM

VU Research Portal

Reality in Perspectives
Khalili, Mahdi

2022

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Khalili, M. (2022). Reality in Perspectives.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
« You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 10. Mar. 2022


https://research.vu.nl/en/publications/613825c7-b3bb-4b73-89eb-0218b363d195

VRIJE UNIVERSITEIT

REALITY IN PERSPECTIVES

ACADEMISCH PROEFSCHRIFT

ter verkrijging van de graad Doctor of Philosophy aan
de Vrije Universiteit Amsterdam,
op gezag van de rector magnificus
prof.dr. JJ.G. Geurts,
in het openbaar te verdedigen
ten overstaan van de promotiecommissie
van de Faculteit der Geesteswetenschappen
op woensdag 6 april 2022 om 11.45 uur
in een bijeenkomst van de universiteit,
De Boelelaan 1105

door
Mahdi Khalili

geboren te Hamedan, Iran



promotor:
copromotor:

promotiecommissie:

prof.dr. L.B. Decock
prof.dr. J.A. Radder

prof.dr. C. Dutilh Novaes
prof.dr. H.W. De Regt
prof.dr. W.J. Gonzalez
dr. C.L. Kwa

dr. M.1. Eronen



Contents

e =] - T TSP URTOPRTRN vii
Chapter 1 Introduction: Science and Reality ...........ccooviiiiiiiiiiieee 1
1.1 The RealiSm DEDALE.........cccciiieiieiieie ettt 1
1.2 A RealiSt PErSPECIVISIM....cuiiieiieiie ettt 2
1.3 Approach and Overview of the DiSSertation ............ccccecvveveivieiieiecie e 4
Chapter 2 Reality as Persistence and ReSISLANCE ..........c.coveeeieeie i 8
220 A {110 T L1 T [ ] o USSR 8
2.2 Reality as Consisting of Human-Independent Persistent Potentialities........................ 9
2.3 Reality as Resistance: CONStructivist ACCOUNTS.........cccververiereerieiieseeeseesiesee s 16
2.4 Persistence and Resistance: Higgs Bosons versus F-particles...........cccoccovvvvviennnnn. 21
2.5 Persistence and Resistance in Perceptual ProCESSES.........ccovevvevieiieiiicriesieie e 27
2.6 The Epistemology of Persistence and ReSIStaNCe...........ccccovevvevieiieiicie e 36
2.7 Conclusion: What REAIITY IS........ccoiiiiiiiiiiiicce s 38
Chapter 3 Entity Realism Meets PerspeCctiVISM .........cccooeiiiiniiinienieeeieeese e 40
T8 A {10 13T £ ) o USSR 40
3.2 ENLItY REAISIM ..o e 41
3.3 Constructive and Perspectival RealiSm ...........ccccoeviiiiiiiie i 47
3.3.1  CoNSIrUCTIVE FRAIISIM.....eeiiiecieeie et es 47



3.3.2  Perspectival realiSM.........ccoiiiiiiiiie e 51

3.4 OVerlapping PEIrSPECLIVES .........ccveiiiiiiiiiiiriieeei et 57
3.4.1 Realism and overlapping PerspPeCtiVES .........cccccevvereiieesieeresiese e see e eee e 57
3.4.2  Objectivism and overlapping PersSPeCtiVES.........ccovevvieeiieere e 64

3.5 Entity Realism Meets PErspectiViSMm ..........ccccueiieieiiieiieie e 66

Chapter 4 A Dialogue among Recent Views of Entity RealisSm.........ccccccocvveiiiiiiicinnne. 71

A1 INEFOTUCTION ..ot bbbttt sb et 71

4.2 CaUSAl REAIISIM ...t 73

4.3 Singularist SEMIFEAlISIM .........cciiiiiii e 78

4.4 RODUSE REAIISM .. .ot 81

4.5 Implications Of SINQUIAITSM.......coooiiiiiii e 83

4.6 Causality and RODUSINESS .........coiiiiiiieiiiiesieeieeee e 89

4.7 A Criterion TOr REAITY........ociiiiiiiiiie e 95

Chapter 5 From Phenomenological-Hermeneutical Approaches to Realist Perspectivism100

5.1 INEFOTUCTION ...ttt bbb 100
5.2 Debate about the LITeWOrld ..........ccocoiiiiiiiiiiee s 102
5.3 Motivations for Defending RealiSm ..........ccooiiiiiiiniiee e 108
5.3.1 Inferential reasoning for unobservables ... 108
5.3.2 Explorable perceptual NOrZONS...........ccooiiiiiiiiiiiieee s 110
5.3.3 Instrument use as extended embodiment ............ccccviiiiiiiniciene 113



5.4 Non-Inferential Knowledge of Unobservables? ... 116

5.5 The Manifestation Of EVIAENCE...........ccooiiiiiiiiiee e 122
5.6 RealiSt PEISPECIIVISM .. ..ciiiii i sre e 127
5.7 SCIENLITIC PIUFaliSM.....ooiiiiiiiicc s 133
Chapter 6  Diachronic Theoretical PEerspectives..........cccovvvveiieieiieieeie e 139
6.1 INEFOTUCTION ..ot 139
6.2 The Pessimistic Induction against Scientific Realism...........cccccoovviiiiiiiiiininns 140
6.3 The Pessimistic Induction against the No-Miracle Argument...........cccococvininnnnns 148
6.4 The Restatement StrateQy .......ccciveiiiiieiieie et 155
6.4.1 The restatement strategy complements NMA ... 155
6.4.2 The reference of theoretical termS..........cooeiiiiiii i 158
6.4.3  KUNN TOSS ..ottt bbb 161

6.5 The Restatement Strategy and Similar VIEWS ..........cccocviriiiniiiiieieeceseses 164
6.6 RAMSEYTICALION ...c.vieiiiiiiiie et re e sre e 171
6.6.1 Ramseyfication and structural realiSm ............cccccoevieiiiiiiiece e 172
6.6.2 Ramseyfication and restatement Strategy.........cccovveviveviiiiiieere e 177

6.7 The Case of PtolemaiC ASIIONOMY .........cooiiiiiiriieiierierie st 185
Chapter 7 Realist Perspectivism and Special Relativity Theory ... 192
7.1 INEOTUCTION vttt bbb 192
7.2 Frame-Dependent PrOPEITIES .........civiiiiiiie it iie sttt re e 196



7.2.1  The basic principles of special relativity theory........c.ccocooviiiinininniinn 196

7.2.2 Reference frames as PersPeCIVES. .......ccoviieiererereie s 198
7.2.3  Frame-dependent properties are Not mere appPearanCes ..........ccovveveerrervereernens 203

7.3 The Speed Of LIght .....cooieee e 205
7.4  Motivations for the Perspectivism of Special Relativity ............cccccovveiiieiiiieiienns 210
7.5 The Perspective of General Relativity Theory ..........ccccooviiiniiiiieicceess 215
RETEIENCES ...ttt bbbt bbb 219
SUIMMIBIY <.t bbbt b e bt e bt et et b e e r e nb e e e e 244

Vi



Preface

Whether we can know reality is a long-standing philosophical question, about which people have
been thinking since antiquity. The scientific realism debate concerns a relatively new version of
that question: does scientific knowledge describe reality? From the time | first learned classical
mechanics in high school, or even from earlier times in my childhood when | was looking up to
the sky and thinking about the creation of stars, | have always had a desire to reflect on human
knowledge of (natural) reality. Working on this dissertation allowed me to fulfill that deep-rooted
philosophical desire.

Several contingent issues have influenced the chosen viewpoints with which | begin. For
instance, Hans Radder has been my primary supervisor, so apart from his constructive comments
and criticisms of my writings, his books and papers (especially, 2012[1984/1988] and 1996; and
partly 2006) have been stimulating throughout my work on the dissertation. For another example,
six years ago, when | just began my PhD studies, | wrote a course paper to argue that the
constructive aspects of scientific theorizing are compatible with realism. Later in 2019, | studied
Ronald Giere’s books (1988; 1999; 2006a) and found his views more advanced than my earlier
thoughts; then, I decided to critically review and develop Giere’s accounts. Another contingent
issue concerns my master’s thesis, defended in January 2015, which was on the phenomenological-
hermeneutical approaches to science and tool uses. From then on, | have followed the relevant
literature, especially the studies regarding scientific realism and perception, which motivated me
to write chapter 5. Some similar contingent issues may have influenced my choices of case studies
as well. My interest in astronomy in the medieval Islamic world familiarized me with the Ptolemaic
system, and then I started to think that Kepler’s model may be able to restate the Ptolemaic

successful explanations (see section 6.7). Furthermore, | was studying and discussing issues on the
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philosophy of physics with my physicist friends during a study group. As a result, | added the case
of the Higgs boson to chapter 2 and composed chapter 7 on the theory of special relativity, as a
case for perspectivism in terms of reference frames. Finally, perspectivism, entity realism, and
structural realism are among current trends in the philosophy of science, so it is natural that | have
paid attention to them.

Be that as it may, all these “contingent issues” are nothing but stories about my choices of the
relevant literature. If | were in different conditions, my starting points would have been different.
This unavoidable fact is unimportant, however. What really matters are whether | am successful
in providing a coherent thesis and to what extent my arguments and cases are compelling and
novel.

I would like to thank Hans Radder and Lieven Decock for their dedicated supervision of this
project. Hans has studied several drafts of the dissertation patiently, and offered various comments
on my arguments and writing style. He generously taught me how to develop a philosophical idea,
how to compose a monograph on a coherent thesis, and how to write precisely, concisely, and
clearly. I wish him a long and healthy lifetime. Lieven has also given me constructive feedback on
different versions of the dissertation. In particular, his remarks taught me to consider the logical
implications of my arguments carefully and to formulate them accurately. Furthermore, I am
indebted to Javad Akbari Takhtameshlou for his detailed and helpful observations on chapters 5
and 6, to Javad Ebadi for insightful discussions about the cases of the Higgs boson and special
relativity theory, and to Amir Sadat Mousavi for providing the details of the Ptolemaic system
case-study. In the development of the ideas of the dissertation, | have also profited from the
comments of many scholars, including but not limited to Mario Alai, Ebrahim Azadegan, Philipp

Berghofer, Anjan Chakravartty, Hasok Chang, Matthias Egg, Roman Frigg, Don Howard, Don
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Ihde, Alireza Kazemi, Ave Mets, David Papineau, James Read, Henk de Regt, Darrell Rowbottom,
Juha Saatsi, Peter Vickers, Harald Wiltsche, and the anonymous referees of the journals to which
| submitted earlier versions of the chapters of the dissertation. And warm thanks to Ehsan Mirzaee,
whose companionship has been entertaining and soothing during my arduous work on the
dissertation. Last but of course not least, | should like to thank, and dedicate this work to, my
closest family members: my caring wife, my darling daughter, my always supportive mother, and
my encouraging father. I am more than lucky and happy to have these lovely beings in my life.
Although the pandemic, sanctions, wars, political and financial disasters, and other evils have
already surrounded me and many others on earth, | feel our planet is still hospitable to those who

care about others and about whom others care.



Chapter 1  Introduction: Science and Reality

1.1 The Realism Debate

This dissertation addresses the issue of realism, usually framed as the debate on the philosophical
interpretation of human knowledge of reality. In particular, the dissertation concerns the scientific
realism debate, about which several thinkers have thus far developed a variety of insightful views:
perspectival realism, experimental or entity realism, referential realism, structural realism,
transcendental realism, practical realism, instrumental realism, semirealism, constructive
empiricism, social constructivism, (cognitive) instrumentalism, and so forth. It seems not
interesting anymore to add another brand besides these viewpoints, but it is still fascinating to take
advantage of them to develop a more comprehensive view. To do so, one should stand upon the
shoulders of giants, so to speak, to better understand both science and reality.

In carrying out this project, my starting points are Hans Radder’s and Ronald Giere’s views,
which are inclusive enough to take account of the different dimensions of science. Radder’s view
about science includes these dimensions: experimental action and production, conceptual-
theoretical work, and formal-mathematical activity. Giere also speaks of experimental,
instrumental, and theoretical dimensions of science. In addition to Radder’s “referential realism”
and Giere’s different versions of realism (that is, “entity realism”, “constructive realism”, and
“perspectival realism”), I discuss the (recent) views of entity/experimental realism as well as the
phenomenological-hermeneutical approaches to the scientific realism debate. Also, a number of
other (anti)realist viewpoints are addressed. Thus, relativism, constructivism, pragmatic realism,
constructive empiricism, and instrumental realism are critically examined. | will also argue that

structural realism is (partly) in line with the view I develop on intertheoretical continuity.



A feature of the realist views | discuss and endorse in the dissertation is that they are relatively
modest accounts of realism, both ontologically and epistemologically. In general, recent realisms
are much more modest than many of their predecessors, because they want both to preserve realist
insights and to appreciate justified antirealist concerns. The arguments of (social) constructivists
and of non-realist philosophers, such as Bas van Fraassen, Larry Laudan, and more recently Kyle
Stanford, Brad Wray and Darrell Rowbottom, have made it difficult, if not impossible, for realists
to make unqualified claims. For the same reason, while this dissertation often criticizes antirealism,

the result is in several cases sympathetic to their ideas.

1.2 A Realist Perspectivism

The discussion of various other positions enables me to develop a view in which two (kinds of)
concepts are of central importance. 1- Perspectivity: scientific knowledge is perspectival,
inasmuch as it is conditional on instruments, theories/models, or reference frames. | will defend
the view that non-perspectival knowledge of reality, or a view from “nowhere”, is unattainable. 2-
The concepts of persistence (and resistance), robustness, overlapping perspectives, replication, and
explorability play a more or less similar role on the realist side of my thesis. These concepts are
related, yet also distinct. Independent potentialities of reality are “persistent” (and “resistant”).
Things, including ordinary objects and scientific entities or properties, are “robust” (if they are
detectable/measurable in a variety of independent ways). The empirical evidence of a real entity

is “explorable”. Experiments and observations whose results can be obtained by means of several



experimental processes are “replicable”.! And perspectives (including instruments,

models/theories, and reference frames) may be “overlapping”. Thus, if I were to choose a name
for my view, | could use the expressions persistent perspectivism, robust perspectivism,
overlapping perspectivism, replicable perspectivism, explorable perspectivism. Or, in sum: realist
perspectivism. Chapters 2 to 7 are designed to develop different features of this realist
perspectivism, which | distinguish from other perspectival accounts in that the concept of
“overlapping perspectives” is central to it.

Synchronic and diachronic versions of perspectivism have been introduced in the literature (see
Massimi 2018b). The former emphasize that instruments and models (in the same historical period)
represent reality from different perspectives. The latter regard successive theories or models in the
history of science. Cases of synchronic perspectives have already been studied in detail (by Teller
2001, Rueger 2005, Giere 2006a, Plutynski 2020, among others). On the other hand, diachronic
perspectives have not yet been investigated in sufficient detail; but at the same time, there are many
discussions on theory change and the so-called pessimistic induction that relate to the issue of
diachronic perspectivism. | bridge the gap between diachronic perspectivism and the latter

discussions (in chapter 6), suggesting that the successes of a past theory may be restated from the

1 Over the past decade there have been a large number of discussions on the “replication Crisis”,
the methodological problem that many scientific studies, in particular in medicine and psychology,
are not replicable. These discussions acknowledge that replicability is central to scientific
knowledge, and thus its lack causes a crisis. The importance of replication is underscored in this

dissertation.



perspective of its currently acceptable successor, which entails that the no-miracle argument is
supportable. Moreover, the synchronic/diachronic distinction is incomplete. It does not take into
account the role of reference frames. Different reference frames in the theory of relativity are
neither synchronous nor diachronous in the mentioned senses. Still, they are bona fide examples
of perspectives, since according to the (special) theory of relativity several of the measured
properties of objects are conditional on the choice of (inertial) reference frames. In this respect,
chapter 7 addresses the role of (inertial) reference frames in special relativity theory. It also
discusses the constancy of the speed of light, which is a “robust” property of light according to the

special theory of relativity.

1.3 Approach and Overview of the Dissertation

The different chapters of the dissertation are designed to provide a unique and coherent thesis,
which will be understood fully only when all are studied. Nonetheless, each chapter is written in a
way to be intelligible independently. For this reason, some themes will be repeated. For instance,
Giere’s views are reiterated for different purposes: section 2.5 discusses his position to argue that
my ontological view is compatible with perspectivism at the perceptual (and epistemological)
level(s) of discussion; chapter 3 elaborates on his views to argue that entity realism and
perspectivism are compatible and complementary; chapter 5 addresses his accounts to support the
claim that there are strong affinities between perspectivism and the phenomenological-
hermeneutical approaches to the philosophy of science; and chapter 7 critically examines his views
on “partiality” and “conditionality” to argue that the latter concept is more suitable, especially for
interpreting special relativity theory. Likewise, I reiterate Radder’s views, entity realism and

robustness in different sections for different purposes.



Furthermore, | employ different concepts in different contexts. For instance, in discussing,
respectively, reality, experiments, perspectives, things, and empirical evidence (or its
phenomenological equivalence: the perceptual horizon), | employ the notions of, respectively,
“persistence”, “replication”, “overlapping perspectives”, “robustness”, and “explorability”.? These
different concepts denote different aspects of one comprehensive theme, namely realism (or more
precisely, they denote the realist dimension of my realist perspectivism). Moreover, | use the
ontological terms “entity”, “object”, and “thing” more or less interchangeably. Nevertheless, often
entities are taken to be scientific entities (such as ions, black holes, viruses, the quantum state of a
system), objects are ordinary objects (such as tables, trees), and things include both entities and
objects. Another point is that, as it will be argued, scientific entities manifest their properties
through empirical evidence obtained by utilizing technological instruments. Accordingly, when |
discuss knowledge of scientific “entities”, I primarily mean knowledge of the properties of those
entities. As a result, the recent views of “entity” realism are actually kinds of “property” realism
(see chapter 4). Finally, the fine-grained nuances between the metaphysical notions of

“potentiality”, “disposition”, “power”, “capacity”, and so forth, are inconsequential for my

purpose (in chapter 2 and other chapters).

2 William Whewell (1794-1866) is perhaps the founding father of the family of these realist
notions. His “consilience of inductions” implies a theoretical unification which happens when a
theory accounts for the empirical evidence gathered from different sources or when previously
irrelevant empirical domains are united by the theory. He argues that “consilience” provides a

criterion for reality (see Snyder 2005).



Several disciplines participate in the scientific realism debate. The ones employed in this
dissertation include general philosophy of science, history of science, physics, metaphysics (of
science), philosophy of language, philosophy of perception, history of philosophy (of science),
science and technology studies, and philosophy of technology. In addition, my work is not limited
to the analytic tradition. It is also inspired by phenomenological-hermeneutical ideas. In general,
my preferred approach to philosophy is that different philosophical methods (in a broad sense
including techniques and styles of thinking), such as conceptual analysis, formal logic, case
studies, hermeneutical methods, and phenomenology, should collaborate in addressing specific
philosophical problems. The employment of different methods to support one philosophical claim
is an example of “replication” in philosophy.® Overall, the nature of the problem of scientific
realism and my approach to philosophy have resulted in a highly interdisciplinary dissertation,
whose writing required “persistence” and the overcoming of “resistance”. Reading it may also
need great patience and attention to detail.

Six chapters constitute the main body of the dissertation. Chapter 2 clarifies the notion of the
real on the basis of two concepts: persistence and resistance. These concepts enable me to explain
my ontological belief in the real potentialities of human-independent things and the implications
of this view for the perceptual and epistemological levels of discussion. On the basis of the concept
of “overlapping perspectives”, chapter 3 argues that entity realism and perspectivism are
complementary. That is, an entity that manifests itself through several experimental/observational

methods is something real, but our knowledge of its nature is perspectival. Critically studying the

3 On the possibility and desirability of replication in the humanities, see Peels (2019).



recent views of entity realism, chapter 4 extends the discussion of entity realism and provides a
criterion for the reality of property tokens. Chapter 5, in contrast, develops the perspectival aspects
of my view on the basis of the phenomenological-hermeneutical approaches to the philosophy of
science. This chapter also elaborates my view of empirical evidence, as briefly expressed in
sections 2.5 and 4.5. Chapter 6 concerns diachronic theoretical perspectives. It first explains my
view of progress, according to which current perspectives are broader than past ones. Second, it
argues that the successful explanations and predictions of abandoned theories can be accounted
for from our currently acceptable perspectives. The case study of Ptolemaic astronomy supports
the argument of this chapter. Chapter 7 serves as the conclusion of the dissertation by applying the
central themes of the previous chapters to the case study of special relativity theory. | interpret
frame-dependent properties, such as length and time duration, and the constancy of the speed of

light according to realist perspectivism.



Chapter 2 Reality as Persistence and Resistance

2.1 Introduction

The scientific realism debate concerns the question of whether or not scientific knowledge
describes reality. However, (anti)realists usually begin the discussion without clarifying the answer
to this central question: what is taken as the meaning of the notion of the “real”? This leads to a
general problem: reality is discussed, but its meaning is not clarified. Realists are faced with the
issue more seriously since they advocate a realist interpretation of unobservables, the definition of
whose reality is unclear. This question cannot be adequately answered merely by providing a
“criterion” for reality. Also, using “truth” does not help realists in determining the meaning of
reality because of the existence of non-realist theories of truth. This chapter aims to illuminate the
notion of the real. | conceptually analyze the meaning of the real at three levels: ontological,
perceptual, and epistemological. My approach in the chapter is mainly conceptual, except for
section 2.7, which introduces a “normative” criterion.?

I start with Hans Radder’s account saying that reality consists of human-independent, persistent
potentialities or powers. | then explore the constructivist account of “resistance”, which is a
negative view about reality but which can be suitably complemented by a positive, potentiality-
based ontology. After that a study of the Higgs boson and the hypothetical F-particle allows me to
argue that real things resist being excluded from existence and persist in existing. At a perceptual

level, the same view implies that real things resist disappearance by providing some effects and

1 On philosophical approaches, including their conceptual (or theoretical), normative, and

reflexive dimension, see Radder (1996, chapter 8).



evidence, and they persist in appearing by making possible experience or evidence under
appropriate conditions. Finally, the epistemological implications of the concepts of resistance and
persistence are discussed. | conclude that “persistence” and “resistance” define the negative and
positive meanings of the notion of “real” at different levels of discussion.

As | will explain, ontologically speaking “persistence” is more basic than “resistance” because
it is the tendency to persist that explains the resistance to being annihilated or wiped out. Therefore,
mentioning persistence first and then resistance is the more natural order: the former leads, or may
lead, to the latter. At the same time, as | will further clarify, during actual investigations and before
the thing under investigation is finally discovered/realized, we first encounter the thing’s
“resistance” to being excluded (or to be made to disappear); then, under the right conditions, the
thing shows its “persistence”. For this reason, I will sometimes use “resistance” before

“persistence”.

2.2 Reality as Consisting of Human-Independent Persistent Potentialities

According to Radder, the real is independent of the existence and/or knowledge of humans (see

Radder 2012[1984/1988], p. 82 and pp. 169-170).2 For this reason, he often employs the adjective

2 The “and/or” is explained by Radder as follows:

The “or” applies to the scientific study of human beings, for instance in
neuroscience or medical research” (2012[1984/1988], p. 170, n. 6). “If we deal

with experiments on human beings, the notion of independence has to be slightly



“independent” or “human-independent” before the noun “reality” (see, e.g., 1996, chapter 4).

Radder then defines the ontological and epistemological theses of realism as follows.

Ontological thesis of realism: “The existence of the world (of nature) and its
general structure is ... independent of the existence of human beings and[/or]

the process by which they acquire knowledge.”

Epistemological thesis of realism: “concrete scientific propositions “are about”

this human-independent reality” (2012[1984/1988], p. 82).

A critic might object that the latter thesis has a problem. Epistemology discusses knowledge,
which may be non-propositional, while “concrete scientific propositions” only include explicit,
propositional knowledge. After all, one may have “knowledge by acquaintance”, where the subject
has non-propositional access to what is known. | think that our scientific knowledge of the world
is conceptual, and thus it can be stated in propositions (see also section 6.6).2 That said, to

circumvent the critic’s objection, the thesis may be revised as follows.

qualified to read: independence of the existence of the experimenters. (1996, p.

195, n. 3)

3 I am generally sympathetic to John McDowell’s (1994) Kantian account that our world-
disclosing experience is conceptual. This does not imply that perceptual beliefs are already

propositional, but they can be stated in propositions. See also McDowell’s (2007a; 2007b)

responses to Hubert Dreyfus (2005; 2007).
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Epistemological thesis of realism (revised): scientific knowledge “is about” the

human-independent reality.

A key concept here is the term “is about”, which Radder uses in order to argue for a “referential
realism”, according to which a scientific term “is about” or “refers to” elements in a human-
independent reality, provided that the experimental episode that is described by the term can be
materially realized in a reproducible way (2012[1984/1988], section 4.4; 1996, p. 76). Apart from
this, a noteworthy advantage of the term “is about” in the previous statement is that it appreciates
that knowledge is intentional: knowledge is always about something.*

According to Radder, the notion of the real is independent of the existence and/or knowledge
of human beings. This “independence” explains that, ontologically speaking, (natural) reality
would exist if no human being existed and/or if humans had not developed any knowledge of this
reality. The ontological thesis of realism implies that reality does not depend on humans. However,
the thesis does not clarify the specific ontological features of this independent reality. Accordingly,
we need a notion of reality that illuminates reality’s positive nature. To fulfill this need, and in line
with philosophers such as Roy Bhaskar (1978), Rom Harré (1986), and Nancy Cartwright (1989),

Radder proposes an Aristotelian definition.

The Aristotelian notion of reality: the real consists of persistent potentialities or

powers (or dispositions, tendencies, affordances, capacities, abilities).

4 My chapter 5 addresses the subject of intentionality.
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To explain this notion, let us apply it to an ordinary object. A glass cup is real, but what does it
imply that the cup consists of potentialities? It simply means that the cup possesses certain
possibilities that can be realized in (specific) circumstances. The glass cup is breakable, so it will
be broken on condition that we put it under certain pressure. The cup enjoys certain potentialities,
only some of which are already realized in specific conditions (e.qg., its transparency in the presence
of light). Its other potentialities are non-actualized (e.g., its breakability). And, the cup enjoys only
certain potentialities. For instance, it is breakable but is not flexible like rubber. Similarly,
scientific entities consist of potentialities, which we know via experimental activities that “realize”
those potentialities. For example, we learn that salt is soluble by actually solving it in different
solvents. The notion of “realization”, next to “potentialities”, is the second, basic ontological
notion for Radder (more on realization, below).®

Radder does not employ the concept of “property” to explain potentialities. However, in
contemporary metaphysics of science, scholars usually define potential capacities, dispositions,
and powers in terms of properties (e.g., see Cartwright 1999; Mumford 2003; Bird 2007,
Chakravartty 2007). For instance, Anjan Chakravartty argues that properties, such as masses,
charges, densities, and acidities, confer on the things that have them certain abilities (2007, pp. 41,

see also my section 4.2). Thus, a real thing enjoys properties that, under certain conditions, make

® Furthermore, in his 2006 book, Radder adds the ontological category of nonlocal meanings of
extensible concepts. According to him, such concepts are abstract entities (see 2006, pp. 115 -

118).
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it behave as it actually does. In the following, | presuppose that potentialities are indeed potential
or dispositional “properties” of things.®

Radder argues that potentialities are human-independent. However, their socio-material
realizations depend on conditions that are not, or not entirely, human-independent. He thus speaks

of

a persistent potentiality of reality, which as such is independent of the existence
and[/or] knowledge of human beings. The realization of this potentiality,
however, essentially requires human (material and theoretical) work. (1996, p.

79)

To realize an entity’s potentiality, scientists actualize that potentiality. In this sense, the term
“realization” also implies a knowledge of the potentiality obtained through practical activities. The
concepts “realization” and “creation” should not be confused. The former is “the mixture of
discovery and production in scientific practice” (1996, p. 80). By realizing potentialities, humans
do not create potentialities but humans actualize those potentialities to understand them. We learn

that the glass cup is breakable by actually breaking it. In science, this kind of realization happens

® Chapter 4 discusses how scientific properties are explored through empirical procedures. In

addition, chapter 7 addresses the properties of objects according to special relativity.
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in an experiment or an observation, both of which depend on skillful activities of humans.” Indeed,
the realization of potentialities through an experimental or observational setting depends on human
activities and the theoretical interpretations that guide these activities. However, this does not mean
that the existence of potentialities is human-dependent. Potentialities exist in nature whether or not

human beings realize them.

The potentialities of nature persist independently of our existence and of our
knowledge, even if they can be realized only if we cooperate and are able and

willing to do the required material and theoretical work. (Radder 1996, p. 79)

According to Radder’s Aristotelian notion of reality, “persistent” potentialities constitute
reality. But could potentialities be non-persistent? | would think that, ontologically, potentialities
are always persistent. In other words, entities that are not persistent are not real potentialities at all.
Accordingly, the adjective “persistent” is used before the term “potentialities” in the Aristotelian
ontology to emphasize that real things persist through changing human contexts (hence “human
independent”). That is, persistence does not necessarily mean long-standing. Real things may
appear in a very short period of time, yet they are real if they appear in different contexts. For
instance, some elementary particles have short decay times, but they do have potentialities in
particle interactions because they appear in different experimental contexts (I will further clarify

this point by comparing neutrinos and so-called unidentified flying objects in section 2.5).

7 On experimentation, see Radder (2012[1984/1988], section 3.3) and (1996, chapter 2); on
observation, see his (1996, section 4.7); see also his (2006, pp. 12-18) for a criticism of Bas van

Fraassen’s account of observability.
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Historically, different theories may describe a certain reality differently. For instance, “mass”
is defined differently from the Newtonian and Einsteinian perspectives. Likewise, the properties
of an electron are different from Lorentz’s and Dirac’s perspectives (Radder 2012[1984/1988], pp.
83-84). Does this lead to epistemological relativism? Radder’s “referential realism” suggests that
the persistence of a potentiality secures a certain degree of continuity through different
perspectives. According to Radder, this continuity is not conceptual-theoretical but material and
formal, and therefore referential instead of representational. Successive terms, such as ‘Lorentz-
electron’ and ‘Dirac-electron’, are not described by compatible concepts and theories, so there is
a conceptual-theoretical discontinuity between theories in the history of science. In spite of this,
successive terms can “corefer” to a certain element in reality (elements include entities, properties,
processes, and the like, see Radder 2012[1984/1988], p. 93). In this regard, two conditions are
necessary (see Radder 2012[1984/1988], section 4.4, specifically p. 98; see also 1996, p. 76). First,
the terms refer to the same reproducible material realization, which implies that there is a numerical
agreement of the values of the coreferring terms in the relevant empirical domain. Second, the
terms should stand in a relation of the formal-mathematical correspondence. This is the case when
the relevant mathematical equations of the terms formally correspond with each other in that
domain (see 1996, chapter 3). Thus, coreference presupposes both that the separate terms refer and
that they are theoretical interpretations of the same reproducible material realization.

Experimenters can express the descriptions of the material realization of an experiment in
ordinary language such that laypersons can skillfully perform the experiment. Radder defines the

material realization of an experiment thus:

the whole of the experimental actions that are carried out by B [i.e., complete

laypersons] in a correct way according to A [i.e., experimenters] and that can be
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described in A’s instructions to B in the language in which A and B
communicate with each other. (1996, p. 13; see also 2012[1984/1988], section

3.3, p. 94 and Postscript 2012, section 2)8

The laypersons’ role shows that the sameness of the material realization does not depend on the
theoretical concepts of the involved theories. Rather, it depends on the reproducibility of the
experiment’s material realization. If the experiment is not reproducible in principle, or if it is not
reproduced in practice, the alleged experiment does not succeed in realizing a reproducible
material realization (see 1996, pp. 16-17). Although the reproducibility of material realizations is
not infallible (2012[1984/1988], p. 95), it (fallibly) helps recognize successful experiments and
observations.

To sum up, Radder defends an ontological account of reality in terms of human-independent
potentialities, whose persistence enables a continuity between successive theories, hence
“referential realism”. In chapter 6 of the dissertation, | will further address such intertheoretical
“continuities”. In the next section, I proceed the discussion of “what reality is” from the viewpoint

of two constructivists.

2.3 Reality as Resistance: Constructivist Accounts

Bruno Latour and Andrew Pickering employ the concept of “resistance” to describe reality. In this

section, I (critically) examine their views. To start with, Latour states that

& Those who have watched the series Breaking Bad would agree that, in their laboratory work,

Walter White is the experimenter and Jesse Pinkman the layperson!
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reality as the latin word res indicates, is what resists. What does it resist? Trials
of strength. If, in a given situation, no dissenter is able to modify the shape of a
new object, then that's it, it is reality, at least for as long as the trials of strength

are not modified. (1987, p. 93)

Apparently, an analogy with politics underlies Latour’s account of resistance. A political party
exists insofar as it resists being wiped out through “trials of its strength” by other parties. The
ruling party is in power for as long as it successfully resists attempts to destroy it. A new party, as
a “dissenter”, may enter the stage and gain power, and thus “modify” the balance of power.
Similarly, in the world of science, as long as an entity is actively referred to by scientists, it is real,
or more precisely, it is considered to be real in a (scientific) community. If a putative entity (e.g.,
the ether) does not resist being replaced by another entity (e.g., the electromagnetic field), the old
one is not considered to be real any more. The resistance an entity can offer depends on its position
in the network of human and non-human actors. This relational account is based on Latour’s
famous “actor-network theory”. An entity successfully resists change when other actors of the
network, including tools, graphs, experimenters, and policy makers, support it (or are its allies, so
to speak).

Another concept, similar to resistance, that Latour uses to describe the reality of objects is

“recalcitrance”.

Natural objects are naturally recalcitrant; the last thing that one scientist will say
about them is that they are fully masterable. On the contrary, they always resist
and make a shambles of our pretentions to control. ... [M]icrobes, electrons,
rock seams are utterly uninterested in what human scientists have to say about

them. (Latour 2000, p. 116)
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This implies a kind of realism, because the resistance or recalcitrance of entities, rather than the
mere interests or expectations of scientists, has an effect on what we count as real in science.® On
this view, an object is real if it resists being replaced (see 2000, p. 112).

In a similar manner, Pickering speaks of “resistance”. He maintains that the outcome of

scientific practice is

a dialectic of resistance and accommodation, where resistance denotes the
failure to achieve an intended capture of agency in practice, and accommodation
an active human strategy of response to resistance, which can include revisions
to goals and intentions as well as to the material form of the machine in question
and to the human frame of gestures and social relations that surround it.

(Pickering 1995, p. 22)

Accordingly, “resistance” implies a kind of “failure” of scientists to achieve what they want
because it is not in agreement with reality. To illustrate this, Pickering puts forward the case of the
physicist Giacomo Morpurgo, whose first observation of fractional electrical charge resisted to be
in agreement with his expectations. Morpurgo then made several new “accommodations”. That is,
he altered the apparatus, revised his theoretical model of the apparatus, and modified his theory of
the phenomenon. Finally, he observed what he expected. According to Pickering, such processes

constitute a “dialectic” of resistance of the material reality and the accommodations to that world,

® Francisco Salinas interprets Latour’s view of science as “pragmatic realism”, where
“[r]esistance is what nourishes pragmata as the pillar of reality” (2014, p. 10). Matthew Watson

(2015) confirms this interpretation. See also Latour (1999), where he depicts himself as a realist.
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including changes of experimenters’ intentions and expectations, of their theories, and of the
instruments they employ in the experiment. Pickering dubs his view “pragmatic realism™: It is
realist because “how the material world is leaks into and infects our representations of it”
(Pickering 1995, p. 183). However, it differs from “traditional philosophical realism” in that
scientific representations should not be considered as correspondence links: “Pragmatic realism
specifies nontrivial links between knowledge and the world that are quite independent of relations
of correspondence” (Pickering 1995, p. 183).

Thus, these constructivists explain why reality, in many cases, resists conforming to scientists’
expectations and interests. As such, this is definitely a valuable view. However, the main drawback
of the notion of “resistance” is that it is a negative concept that needs to be complemented by a
positive one. After all, many cases of the “failure” of scientists to achieve a theoretical aim or the
fact that reality may be “uninterested” in what scientists say about it, should be explained by a
positive feature of reality that (partly) causes the failure or dissatisfaction of the scientists.
Furthermore, in quite a few cases, scientists are successful in offering novel predictions and
explanations, and thus in these cases, reality “expresses an interest” in scientists’ theories. A
famous instance is Arthur Eddington’s eclipse observation, as well as many further observational
tests, that confirmed Albert Einstein’s prediction about the gravitational deflection of starlight
passing near the sun. Such examples imply that reality does not always resist scientists’
expectations. A positive account of reality is needed to explain theories’ conformity with reality.
Radder’s conception of reality, which has been developed as an alternative to the constructivists
views (see 2012[1984/1988], Postscript 2012, section 3.5; see also 1996), can explain both the
interest and the disinterest of reality in scientists’ theorizing. According to the Aristotelean notion

of reality, potentialities are powerful, so they do not simply “obey” what scientists expect or want.
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Instead, scientists have to “pay careful attention to” reality (through what Pickering calls
“accommodation”) to understand them. In a less metaphorical language, the potentialities of
(natural) reality exist in a human-independent way. Experimenters know them by actively realizing
them through experimental processes. Humans cannot fabricate those powers. Even if all
experimenters suppose that a certain power exists, it will not be real as long as it does not enjoy
independent existence. The experimenters’ supposition may have real social implications.
However, this does not introduce a new power to already existent potentialities of (natural) reality.
Indeed, the resistances of reality to scientists’ expectations and interests rest on human-
independent potentialities. In like manner, those predictions and explanations are successful that
respect the persistent potentialities of reality.

Constructivists are often blamed for discounting the role played by natural reality. For instance,
Allan Franklin and Slobodan Perovic (2019) assert that the natural world “never seems to be
decisive in any of Pickering’s case studies.” Likewise, lan Hacking claims that “[c]onstructivists
think that the [theoretical and experimental] reasons are not decisive for the course of science”
(Hacking 1999, p.91; cf. Radder 1996, pp. 86-89). The realist criticism of constructivism is, | think,
mainly due to constructivists’ lack of an explicitly positive, ontological view about reality. To
avoid this criticism, the constructivist account of reality should consistently locate its ontological
roots in a potentiality-based ontology, according to which reality consists of persistent powers or
potentialities. Constructivists should indeed presuppose this ontological conception of reality to
explain their account of resistance positively. That is, the resistance to be replaced by “dissenters”

and to follow scientists’ expectations and interests relies on the persistent potentialities or powers
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of things. This view acknowledges the indispensable role of a human-independent, persistent
reality in determining knowledge of scientific entities and their properties.*

So far, | have argued that the constructivist account of resistance is a negative view, which
should be complemented by a positive, potentiality-based account. The following section
illustrates the ontological concepts of “persistence” and “resistance”. Sections 2.5 and 2.6 discuss

the relevance of these concepts to the perceptual and epistemological levels.

2.4 Persistence and Resistance: Higgs Bosons versus F-particles

Let me start this section with a conceptual analysis. “To persist” may literally mean “to continue
existing”. Real things persist in the sense that they continue to exist through changing human
contexts. When a thing continues to exist, it “resists being excluded from existence” as well. After
all, “persistence” and “resistance to be excluded from existence” are two sides of the same coin.
Two related statements can be made at the ontological level thus: real things “resist” being
excluded from existence, and real things “persist” in existing. The former provides a negative view
of reality; the latter presents a positive one. Conceptually, both point to the same reality. However,

in practice, the former is more suitable to describe a thing to be realized (or to be discovered), or

10 This does not imply that scientific knowledge is unconditionally true. | will argue in the next
chapter that scientific knowledge is always bounded by (instrumental and theoretical) perspectives.
Thus, I agree with Pickering that there are “nontrivial links” between knowledge and reality
different from the “relations of correspondence”. The scientific representations are always

perspectival.
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in other words, a thing whose existence is under investigation. The latter, in contrast, better
describes a thing that is already realized (or discovered) in the right conditions. My approach here
is not limited to the final realization/discovery but also addresses the processes that precede these
final results. Adding this process dimension (here and at various other places) is an important
feature of my thesis.

Persistence is not unconditional. Real potentialities only demonstrate their persistence in the
right conditions, where appropriate observational/experimental setups are prepared. The presence
of the right conditions is contingent and may not always occur. Nor do observers/experimenters
know from the beginning the characteristics of the right conditions. They make use of theories and
models and of other observers/experimenters’ practical experiences, and they also attempt to
discover and provide appropriate observational/experimental setups by heuristic methods or
sometimes even by trial and error. As a result of their attempts, a significant correlation may be
established between observational/experimental instruments and the behavior of an entity, and
therefore a property of the entity is being realized/discovered. In this process, precluding possibly
disturbing external influences is a substantial part of the observational/experimental work (see
Radder 2021, section 2). Accordingly, a lot of work needs to be done so that the right conditions,
which are necessary for the display of “persistence”, are prepared. That said, entities may resist
being excluded from existence even when the right conditions are not fully prepared. This may be
the case when these conditions are only partly prepared for different reasons:
observational/experimental settings are not perfectly arranged, the conditions are not completely
appropriate for that specific entity under investigation to be realized/discovered, not all disturbing
influences are prevented, not all possibilities for the observation/detection of the entity are as yet

investigated, or for other similar reasons. In these cases, the real entity may still resist being
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considered as non-existent, which accounts for why unsuccessful experimenters/observers are still
reasonably hopeful that by providing better conditions they may observe/detect the supposed entity
in their future attempts.

In the following, | study two experimental endeavors regarding the Higgs boson and the
hypothetical F-particle (in which “F” is a Greek letter, which is pronounced “digamma” and whose
shape is a little different from the English letter “F”’). The Higgs boson is an elementary particle
and plays a unique role in the Standard Model of particle physics. It explains why elementary
particles such as W and Z bosons are massive, while photons and gluons are massless. This boson
was predicted by Frangois Englert, Robert Brout, Peter Higgs and others in the mid-1960s and it
was finally discovered in 2012. In contrast, the F-particle was a hypothesis supposed to explain an
unexpected anomaly in data collected in 2015 (at CERN in Geneva). However, further analysis
and the data collected in 2016 combined with the previous data showed that the anomaly was a
statistical fluctuation rather than the evidence of a new particle.

The central claim is that before its detection in 2012, the Higgs boson was resisting being
excluded as non-existent, mainly because not all the masses it might have had been investigated.
After its detection in 2012, it persisted in reproducible experiments. In contrast, the putative “F-
particle” has not even resisted its exclusion. Its failed detection was not caused by imperfect
experimental conditions; the probable reason was rather that the supposed particle did not exist.
Please note that in explaining these cases my primary objective is to show the ontological features
of real entities. Accordingly, my discussion concerns ontology rather than epistemology. | will
explain the characteristics of a justification of realist knowledge briefly in section 2.6 and at length
in the subsequent chapters. This section intends to clarify these two evident definitions of reality:

1- reality resists being excluded from existence and 2- reality persists in existing.
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Let me start my discussion of the Higgs boson with an ordinary example. Suppose that one
thinks that there is a beetle in one’s home, and then one starts examining different rooms in search
of the beetle. If it really exists in the home, and indeed because of its very “existence”, the beetle
resists being considered non-existent (despite its desire not to be found and killed!). Therefore,
probably after one’s active attempts to find it, the beetle will eventually be found in a room. In this
case, the beetle resists being excluded from existence in this home. When it is trapped, one
understands that it exists. Similarly, and providing that we disregard other complexities, there are
different search probes into the Higgs boson. Each probe investigates whether the boson with a
specific mass exists. Certain masses for the Higgs boson were excluded but the Higgs particles
resisted being excluded from all possible probes. Finally, when the particles are
realized/discovered, their persistent existence shows itself in experiments that reproduce the right
conditions, as the consideration of the correct mass is a condition for its persistence in the
experiment. Below, | further explain this example.

The Large Electron-Positron (LEP) Collider operated from 1989 to 2000 at CERN in order to
measure the properties of Z and W bosons and also to search for the Higgs boson. Direct searches
for the Higgs boson at the LEP set a lower bound on the mass of the Higgs boson: If there is such
a particle, its mass must be more than 114 GeV/c? (Abbiendi et al. 2003). Until 2001, the Higgs
boson hypothesis was neither confirmed nor rejected. The Tevatron, a proton-antiproton collider
at the Fermilab in Chicago operating in the years 1986 to 2011, had probed masses of 100-200
GeV/c? in searching for the Higgs boson but couldn’t find any evidence that could be a conclusive

indication for a Higgs discovery (the evidence is an excess in mass (or energy) in the spectrum of
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the invariant mass of child particles to find a probable parent particle).!! However, physicists
couldn’t completely reject the existence of the Higgs particle either. The Tevatron only excluded
Higgs masses between 162-166 GeV/c? (Aaltonen et al. 2010; Buehler 2008). Although different
searches might exclude the existence of the Higgs boson, it could also have some other mass. Up
to this point, although the Higgs boson was not discovered, it resisted being considered non-
existent.

The Large Hadron Collider (LHC) was subsequently designed at CERN to reach higher
energies in order to further constrain the parameter space for the mass of the Higgs boson. Only if
the total parameter space would have been probed and nothing would have been found, then
physicists could conclude that the Higgs particle does not exist. All experiments before 2012
succeeded in excluding certain masses for the Higgs boson, and thus in those experiments the

Higgs bosons were in fact excluded. However, the particle resisted being entirely excluded from

11 'When a parent particle decays into two child particles, the invariant mass of the two child
particles is equal to the mass of the parent particle. Physicists search for an excess in the spectrum
of the invariant mass of particles to find a probable parent particle. To search for an excess in a di-
photon spectrum, i.e. the spectrum of the invariant mass of two photons, physicists first select
events in the data where two photons exist in the final state of a collision. Then, they calculate the
invariant mass of two photons and make a histogram of this variable. If the (parent) particle exists
and can decay into two photons (child particles), then it will create an excess which is visible as a
small peak in this histogram. The invariant mass where the excess happens is equal to the mass of

the particle, which has decayed into the two photons.
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existence. Finally, ATLAS and CMS collaborations at CERN using the combined LHC data, at
the energies of 7 and 8 TeV, reported the discovery of the Higgs boson with a high statistical
significance? (Aad et al. 2012; Chatrchyan et al. 2012). The proton-proton collisions at the LHC
(with an energy of 13 TeV) were also in agreement with the previous results at 7 and 8 TeV (Tao
2018).

The Higgs experiments in proton-proton collisions at different collision energies, including 7,
8, and 13 TeV, confirm the reproducibility of the experiment. Since 2012, physicists have also
collected further data at the LHC and measured the mass of the Higgs boson with unprecedented
accuracy (Sirunyan et al. 2020). In sum, the Higgs boson has resisted being excluded while
experimenters were probing it, and after its discovery in 2012 it manifested its persistent existence
in reproducible experiments.

The so-called “F-particle” has had a different fate in comparison with that of the Higgs particle.
In December 2015, ATLAS and CMS collaborations at the LHC reported an excess of mass in the
di-photon spectrum (Aaboud et al. 2016; Khachatryan et al. 2016). In the first half of 2016, over
500 papers were written to examine the excess and offer possible explanations for its nature. The
signal at first showed a rather high statistical significance (bigger than 3.4 sigma), which could be
considered as an indicator of a possible, new particle, the so-called “F-particle” with a mass of

about 750 GeV/c?, which decays into two photons. However, accumulating data and further

12 A high significance level means more than 5c deviation from the background, which implies
that the null hypothesis (the background: no Higgs boson) could be rejected in favor of the

alternative hypothesis (the signal: Higgs boson with mass around 125 GeV/c?).
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analysis excluded the possibility that the “F” particle exists. Unlike the Higgs boson, the putative
F-particle has not put up enough resistance to being excluded. Nor has it entered into the class of
entities showing persistence in reproducible experiments.

The present section has focused on the “ontological” feature of real things, which resist being
excluded from existence and whose existence persists. This ontological view has a “perceptual”
parallel, which the next section clarifies. The perceptual level addresses the experiential or

evidential characteristics of real things.

2.5 Persistence and Resistance in Perceptual Processes

This section explains what “persistence” and “resistance” mean at the perceptual level. The main
question is how we perceive reality if it ontologically consists of powers or potentialities that
persist in existing and resist being excluded. To answer this question, | use the phenomenological
account of perception, according to which the perceiving subject is both active and passive. The
active dimension implies that things manifest themselves through our bodily or instrumental
engagements with them. The passive (or receptive) side acknowledges the fact that perceptual
“experience is shaped by the insistence of the world” (Gallagher and Zahavi 2012, p. 111,

emphasis added).'® I employ the concepts of “persistence” and “resistance” to explain the passive

13 My view on perception is also akin to the account of the predictive mind, a much-discussed
approach in modern theories and philosophy of perception. It says that the brain is a hypothesis-

testing mechanism that minimizes the error of its predictions about its received input from the
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feature of perceptual experience of reality. Let me first put forward the account and then clarify its

terms and support it.

The perceptual account of persistence and resistance: veridical experience
persists in appearing and resists disappearing across several modes of our bodily

or instrumental engagements.

The passive or receptive side of perception, the persistence and resistance of perceptual
experience, and its active dimension, that perception is a kind of active human involvement
through embodied or instrumental engagements, are both included in this account. “Appearance”
includes the occurrence of mere appearances and of veridical experiences. The claim is that only
veridical experiences persist and resist. Experience comprises ordinary perception (perceived by
embodied organisms) and observational and experimental evidence (obtained through
instrumental engagements). Thus, the terms “experience” and “perception” should be understood
broadly to cover not only ordinary perception but also (the evidential results of) scientific
observation and experiment.

The passive feature of perception ultimately relies on the powerful nature of reality. An
experience persists in appearing and resists disappearing because the thing to which the experience
belongs exists independently of the perceivers. One should note that the passive side of perception

implies that perceivers are (partly) passive in perception. It does not mean that reality is passive.

world. The theory implies that, although what we perceive originates in the world, its content

depends on our action and attention. See Clark (2013) and Hohwy (2013).
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A powerful reality is active in this respect, and for this very reason perceivers are and should be
(partly) passive in their perceptual experience of real things.

Despite the connection between the ontological and perceptual levels, persistence and resistance
have different implications at the two levels of discussion. Persistence and resistance are relations:
A “persists in” B and “resists” B'. At the ontological level, A is a “thing”, B is “existing” and B' is
“being excluded from existence”. Accordingly, a thing persists in existing and resists being
excluded from existence. At the perceptual level, similarly, A “persists in” B and “resists” B', but
A, B, and B' are defined differently. A is “the results of ordinary perception or
observational/experimental processes”, B is “appearing”, and B' is “disappearance”. Accordingly,
the results of ordinary perception or observational/experimental processes persist in appearing (by
making possible experience or evidence under appropriate conditions) and resist disappearance
(by providing some signs or effects). In addition, the difference between “persisting in appearing”
and “resisting disappearance” is similar to what I said about the ontological level. When we start
engaging with a new thing, it may not be manifest persistently right from the beginning, while it
may resist disappearing by displaying some signs, indications, or traces. After its manifestation
under appropriate conditions, however, the thing’s appearance (namely, either the results of
ordinary perception or the results of scientific observational/experimental processes, the latter
results being the “empirical evidence”) persists in appearing.

“Engagement” here entails being significantly involved with something to experience it.
Specifically, I- ordinary perception, 11- scientific observation, and 111- experimentation are cases
of our engagement with things. The ordinary perception of an object or the empirical evidence of
a scientific entity resists disappearing (before its realization/discovery) and persists appearing

(after its realization/discovery). This is the case when we actively engage with an object by means
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of bodily interaction (and by using concepts that interpret the object) or with an entity by the
mediation of technological instruments (and the theoretical interpretations that guide the
observation/experiment).

Veridical experiences can appear across several modes of our engagements. That is, the
engagement with a thing, in ordinary perception or scientific observation and experimentation,
should be possible once again in a replicable way. A variety of different sensory capacities, such
as seeing (from different angles), listening, smelling, touching, moving (approaching and taking a
distance) constitute our modes of ordinary perception. A number of these modes should contribute
to acquiring a veridical experience. Likewise, several processes of observation/experimentation
should always be involved to be confident that scientific evidence is veridical. In the following, |
first explain the veridicality of our ordinary perception, and then, | extend it to scientific
observation and experimentation.

Human beings enjoy embodiment, so they can bodily engage with things to distinguish veridical
perceptions from mere appearances, illusions, and hallucinations (see Merleau-Ponty 1962, pp.
296-297). For instance, we can approach a mirage and see it from different angles to become
confident that its appearance is different from the veridical experience of an actual lake. My point
here is that a veridical experience involves several modes of perception. Suppose that one thinks
to see something in a dark area, but one is sure neither if there is something there nor what the
properties of that supposed thing are. One can perform different actions to check if what is seen is
a veridical experience. One can look at the thing from other positions, flash a torch on it, throw a
small piece of grit to it to detect its reaction and to listen to the sound made. One can also
collaborate with one’s friends in order to share what is perceived. These and similar practices

constitute several modes of engagement with the thing. If the experience of the thing itself first
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“resists disappearing” and finally “persists in appearing”, and different modes of our engagement
with the thing are in agreement, then the experience of the thing is veridical. The experience of the
thing’s properties may also resist and persist. For example, if there is a car in that dark area, first,
one’s experience displays the signs of the car. Even if one initially supposes that the thing must
be, say, a wild animal, that thing resists being experienced as anything but a car. And sooner or
later, after several active engagements with it, it finally appears as a car. The more our experience
is based on several modes of active engagement with it, the more veridical the experience of the
thing and its properties are.

In similar ways, scientists devise several practical methods to engage with entities. These
engagements, mainly through technological instruments, help scientists check if the evidence of a
supposed entity (and its properties) is veridical (cf. Vallor 2009). Scientists can never be
completely confident that observational/experimental results are veridical because it may always
be the case that what has appeared to them is a stubborn, tenacious illusion or hallucination rather
than a piece of veridical evidence. However, such a perfect level of confidence is not necessary;
to the extent that their results rely on different processes of obtaining scientific evidence, they can
be confident that the evidence is veridical.

In the remainder of the section, | clarify some further details of the perceptual account of
persistence and resistance. The first point is that perception is a result of collaborative activities.
In ordinary perception, perceivers share their experiences to recognize a veridical experience.
Likewise, scientific observation and experimentation, which is made in a community of observers
or experimenters, the empirical results should be confirmed by a broader scientific community. To

emphasize this characteristic, | have stated in the perceptual account of persistence and resistance
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that “our” [in the plural] bodily or instrumental engagements enable us to have veridical
experiences.

Another issue is that we may experience a thing only for a very short time. For example, soap
bubbles quickly disappear upon most of our bodily engagements with them, but we do not doubt
that they are real. Why? Because anytime we blow in soapy water, with a pipe or a straw, bubbles
rise. Soap bubbles appear only for a short period. Similarly, in particle physics unstable particles
undergo quick decays. However, (the evidence of) an unstable particle keeps reappearing in
different experimental contexts, although within a very short time period. The fact that the duration
of the appearance is short does not mean that it does not appear. Every time appropriate
experimental conditions are replicated, the evidence of the particle appears persistently, even
though shortly, because persistent appearance in experience is based on the persistence of human-
independent potentialities that can be realized (even if shortly) under the right conditions. For
example, although they are very elusive because they easily pass through ordinary matter,
neutrinos are real, and thus their evidential effects persist every time appropriate experimental
settings are prepared. Accordingly, “persistent” does not mean “long-lived”. Real entities may
appear in different experimental contexts even for a short time.

Consider, on the other hand, so-called unidentified flying objects (UFOs). One can hardly claim
that they resist disappearing due to our engagement with them, because no specific condition to
start engaging with these putative objects (through which we might experience even their sporadic
signs) has so far been introduced. Even if one could claim that some effects of UFOs are somehow
observed somewhere, no appropriate conditions for their persisting appearance have ever been
determined. Thus, the alleged observations of UFOs are not veridical. Most pseudo-scientific

posits are alike. Suppose that one would, by hook or by crook, claim that their effects resist
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disappearing (owing to the contention that, once in a while, people claim that these posits have
manifested themselves to them), and that we charitably accept that claim. Even in this case, these
posits do not persist in appearing through specific engagements with them, and therefore the
experiences of these posits can hardly be veridical .4

A further remark is that there is no fundamental difference between our sensory capacities and
experimental/observational instruments with respect to the fact that all are by their nature
instrumental.’® That is, they are instruments working according to the regularities of nature. It is
true that instruments, such as eyes, ears, brain scanners, telescopes, or more complex apparatuses
like those in CERN, are each sensitive to a specific aspect of reality. Still, all are similar in
mediating our experience of reality (see also Radder 2006, pp. 87-90). All make it possible to
engage with reality. At the same time, each engagement is bounded by the mediation structure that
makes available the interaction with the world. In other words, we engage reality through our
bodily apparatus and scientific instruments, both of which are perspectival. Thus, humans
ordinarily experience the world from a colored perspective (Giere 2006a, chapter 2). Similarly, a
scientific instrument is always conditional on what it is sensitive to. For example, a gamma

telescope is responsive only to gamma rays and a CAT scan only shows the structure (rather than

141 learned the example of UFOs and its contrast with the case of neutrinos from an interview
with Frank Wilczek, an American theoretical physicist and a Nobel laureate, by Robert Lawrence

Kuhn in an episode of the Closer to Truth series.

15 There are of course differences between ordinary perception and instrumentally mediated

observation, which | shall discuss in sections 5.4 and 5.5.
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the function) of the brain (Giere 2006a, chapter 3). We can experience neither ordinary objects nor
scientific entities without the mediation of embodied or instrumental perspectives. Moreover, our
experience of things is always conceptual. In ordinary perception, our perception is concept-
dependent. In science, observational and experimental results are interpreted by theoretical
concepts. Therefore, in addition to embodied and instrumental perspectives, theoretical
perspectives should also be considered. As a result, engaging with things without the use of any
perspective, is beyond the human condition (see also my subsection 3.3.2). The resistance and
persistence a thing shows are likewise perspectival in the sense that they are consistently
demonstrated through embodied or instrumental perspectives and are interpreted by (theoretical)
concepts. According to the account of perceptual persistence and resistance, we may rely on our
experience when several modes of engagement successfully contribute to it. However, this does
not imply that our experience can be non-perspectival or from no-where. That is, even in the case
of “overlapping perspectives” (see section 3.4), engagements with a thing, and therefore the
persistence and resistance that we experience from that thing, are not perspective-less. The
perspectivism | am defending here concerns the perceptual level of human experience. Chapter 5
further discusses this level. Next chapters will also defend perspectivism at the epistemological
level. Ontologically speaking, nevertheless, powers or potentialities are human-independent. Thus,
my view is Aristotelian at the ontological level and it is Kantian at the perceptual and
epistemological levels since we cannot experience or know things in themselves.

Let me finish this section by explaining that my usage of “resistance” in this and the previous
sections has been in agreement with two points Martin Heidegger makes in Being and Time about
Wilhelm Dilthey’s and Max Scheler’s notions of resistance. These two points pertain to both

ontological and perceptual levels. Heidegger maintains that “if "Reality” gets defined as "the
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character of resisting”, we must notice two things: first, that this is only one character of Reality
among others; second, that the character of resisting presupposes necessarily a world which has
already been disclosed” (1962[1927], p. 254). About the first point, I should say that my discussion
in this chapter has not been restricted to “resistance”. In addition, reality’s ontological
characteristics, such as its “human-independence”, its “being potential and powerful” and its
“persistence” have been addressed and defended. Furthermore, I have addressed the notion of
“persistence” and “resistance” at different levels, whose distinction clarifies the question of what
reality means. Heidegger’s second point is also valid. Resistant reality is disclosed through our
engagements, when we actively experience things in the world, that is, in our realm of possible,
interrelated things. In Heidegger’s words, “[t]he experiencing of resistance—that is, the discovery
of what is resistant to one’s endeavors—is possible ontologically only by reason of the
disclosedness of the world. The character of resisting is one that belongs to entities with-the-
world.” (1962[1927], pp. 253-254). | agree with this statement and would like to add that it is
correct both about ordinary objects and about scientific entities whose resistance (and persistence)
shows itself by means of embodied or instrumental perspectives and is interpreted by (theoretical)

concepts in the “world” of scientists and experimenters.®

18 1 will not further discuss Martin Heidegger’s conception of “the world”. Nevertheless, section

5.2 addresses Edmund Husserl’s related concept of “the lifeworld”.
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2.6 The Epistemology of Persistence and Resistance

At the epistemological level, “resistance” results in a kind of falsificationism in the sense that a
theory is truthful insofar as it resists being falsified by refutations and counter-instances. A good
theory is capable of withstanding all efforts to refute it. | should clarify in advance that | do not
intend to discuss the methodological thesis of falsificationism. My previous discussions do not
involve the “method” of science or what it should be.

The epistemological thesis of falsificationism is still a “negative” view. All it can say about
current, successful theories is that they have resisted falsification up to now. 19th-century ether
theorists would have claimed the same about the ether theory, but the fact that a theoretical posit
has not been falsified so far is not enough to conclude that the posit refers to something real. The
posit may be falsified in the near future. An extra reason is necessary to accept that the theoretical
posit is really about something real and that the posit’s description of that something is truthful.
As explained in section 2.3, Latour’s conception of resistance encounters the same problem. He
presents a retrospective thesis that attributes reality to those entities that have so far resisted being
replaced in “trials of strength”. However, the (putative) entities may lose their power in the future
when other actors of the network, including tools, experimenters or policymakers, no longer
support them. Accordingly, a realist epistemology should (also) provide a criterion for
prospectively determining what will probably remain a justified part of the scientific image of
reality (more on the criterion for reality in chapter 4).

As the positive side of resistance, the concept of “persistence” is promising in providing a
prospective criterion. At the epistemological level, persistence leads to the criterion that a thing
may be taken to be real and our knowledge of it will probably remain in the future, if it is

detectable/measurable in a variety of independent ways. A real thing is obtained by means of
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“replicable experiments or observations”, which is a specific case of “reproducible experiments
and observations”. Replicability implies the reproducibility of empirical results using (possibly
radically) different processes (Radder 1996, pp. 18 and 22-24). For instance, a gas and a mercury
thermometer each measure an object’s temperature utilizing independent processes. For another
example, consider the case of the Higgs boson, whose production mechanism at the LHC has
always been the same. So far, physicists have been able to produce the Higgs particle only in
reproducible proton-proton collisions. The boson has been detected in a “reproducible” but not in
a replicable, way. Thus, our level of justification for the Higgs boson, as well as our knowledge of
its properties, is still bounded by a specific set of experiments. But our justification in the boson
will increase inasmuch as it is realized in “replicable” experiments, whose results are obtained
through several independent processes. In fact, physicists are planning to design new colliders to
study other properties of the Higgs boson with the aid of possibly different production
mechanisms.!’ If they succeed, a higher level of justification will support the belief in the boson

and its properties.

17 An International Linear Collider (ILC), a Compact Linear Collider (CLIC), a Circular
Electron-Positron Collider (CEPC) and Future Circular Colliders (FCC) will all probe some
properties of the Higgs particle with a precision which has not been accessible to the LHC
(Abramowicz et al. 2017; De Blas et al. 2020). The European Strategy for Particle Physics stresses
the importance of having a Higgs “factory” to measure the Higgs properties in order to understand

it more fully (see Vachon 2019).
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The concept of “replication” is one of the epistemological concepts that I will employ in the
next chapters. In general, a real thing can manifest itself in “replicable” experiments or
observations, is represented from “overlapping perspectives” (see chapter 3), is “robust” (chapters
3 and 4), provides “explorable” evidence (see chapter 5), and can be described by successive
theories such that a later theory can restate the truthful descriptions of the preceding one (chapter

6).

2.7 Conclusion: What Reality Is

This chapter has been interdisciplinary. By building on the work of Radder, Giere, Latour and
Pickering, | have bridged the gap between philosophy of science and STS debates on realism.
Further, I have studied the experimental cases of the Higgs boson and the F-particle to analyze the
ontological meanings of persistence and resistance. | have also indirectly reconciled the
phenomenological and analytic analyses of science. (The discussion of this subject will be
continued in chapter 5).

The chapter has argued that Latour’s and Pickering’s accounts of resistance are acceptable
provided that their views rest on a positive, ontological account. The Aristotelian notion of reality
can offer this positive account. Furthermore, the Higgs and F-particle cases enabled me to clarify
the concepts of resistance (before the discovery/realization of the entity) and persistence (after its
discovery/realization in the right conditions). In line with this ontological view, | have also
developed an account of perceptual persistence and resistance. A real thing cannot resist
manifesting its signs or effects during discovery/realization processes and persists in appearing

under appropriate conditions after its discovery/realization. Finally, at the epistemological level,
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resistance and persistence imply respectively falsificationism and a realism based on replication,
overlapping perspectives, robustness and explorability.

In conclusion, the chapter has explained what reality is. Three levels of discussion have been
explored: ontological, perceptual, and epistemological. At each level, the real’s meaning
incorporates two interrelated dimensions: persistence and resistance. Table 2.1 summarizes the
positive and negative sides at each level. The next chapters mainly address the epistemology of

the positive level.

Level of discussion Positive side Negative side

Ontological Persistent potentialities or powers Resisting being excluded

from existence

Perceptual Persisting in appearing (by making Resisting  disappearance
possible experience or evidence under | (by providing signs or effects)

appropriate conditions)

Epistemological Persisting  across several Resisting being falsified
perspectives (prospective) (retrospective)
Table 2.1
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Chapter 3 Entity Realism Meets Perspectivism

3.1 Introduction

This chapter begins with discussing the views of Ronald Giere (1938-2020). The development of
entity realism is indebted in part to his study of experimental practice. He has criticized antirealist
versions of constructivism. Perspectivism is notably associated with him as well. Giere is also
known as a promoter of the cognitive approach to the philosophy of science, but I focus on his
views concerning the scientific realism debate.

This chapter argues that Giere’s views on scientific realism provide a basis to reconcile entity
realism and perspectivism. Thus, the chapter’s aim is philosophical rather than historical or
exegetic. It intends neither to present a new reading of the history of philosophy of science nor to
provide a detailed exegesis of Giere’s work. Instead, it primarily aims to show that contemporary
perspectivists and entity realists can benefit from each other’s valuable ideas for the purpose of
acquiring a more comprehensive and more compelling view. For this purpose, Giere’s concept of
“overlapping perspectives” is of central importance. This concept, which surprisingly does not
play an essential role in Giere’s epistemological view, can ground the reality of entities. Moreover,
it allows us to see a significant affinity between entity realism and perspectivism.

Thus far, Giere’s versions of realism have not been studied in any detail. In this chapter, | fill
this gap by discussing his entity realism, constructive realism, perspectival realism, and their
mutual relations. This chapter is not restricted to explaining Giere's views. It also contrasts and
compares them with the relevant literature. Specifically, it connects Giere’s concept of
“overlapping perspectives” with the notion of “robustness”. Both concepts imply that a real thing
can be presented from a variety of independent perspectives. Moreover, because the chapter

concerns multiple experimental, instrumental, and measurement perspectives, it relates to New
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Experimentalism, the philosophical movement that criticizes the theory-dominated approach to the
philosophy of science and emphasizes the neglected role of experimentation and instrumentation
in scientific practice (see Boon 2009, section 3; Chalmers 2013[1976], chapter 13). New
Experimentalists include lan Hacking (1983), Nancy Cartwright (1983), Hans Radder
(2012[1984/1988]), Robert Ackermann (1985), Allan Franklin (1986), Peter Galison (1987),
Ronald Giere (1988), Alan Chalmers (1990) and Deborah Mayo (1996), among others. This
chapter does not discuss the views of all these scholars. It focuses on Giere, but it also considers
Hacking, Cartwright, Radder, and Chalmers.*

Sections 3.2 and 3.3 provide an account of Giere’s contribution to the scientific realism debate.
Section 3.2 concerns entity realism. Section 3.3 explores constructive realism and its advanced
version: perspectival realism. Sections 3.4 and 3.5 bridge the gap between the concepts
“robustness” and “overlapping perspectives”, arguing that perspectivism and entity realism are

compatible and complementary.

3.2 Entity Realism

As portions of our successful theories turn out not to represent anything real, selective realists
therefore strive to suggest criteria which separate the representational parts of scientific theories
from the non-representational parts. An important form of selective realism is entity realism,

implying that our scientific knowledge of entities, which results from appropriate experimental

1 Chapter 4 discusses recent views of entity/experimental realism, which are akin to New

Experimentalism.
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uses of unobservable entities such as protons and genes, deserves realist commitment. Other
scientific beliefs that merely rely on models, theories, or general laws are not worthy of realist
commitment. Accordingly, entity realists “select” the former knowledge and not the latter kinds
of scientific beliefs.?

Hacking first coined the term entity realism. He suggests that if one can causally manipulate an
entity by intervening in other phenomena, one is justified to believe in the existence of that entity.
Hacking’s slogan is that when one can spray entities (such as electrons), they are real (see, e.g.,
Hacking 1983, p. 23). In the second half of his Representing and Intervening he develops a
complex network of arguments in order to underpin this slogan. His main claim is that our
knowledge of an entity’s existence can survive even if the theoretical concepts that interpret the
instruments or experimental results change. Hacking’s argument for this claim is that
experimenters can manipulate the entity under investigation to observe its effects. In his words,
“entities that in principle cannot be ‘observed’ [by naked eyes] are regularly manipulated to
produce new phenomena and to investigate other aspects of nature” (Hacking 1983, p. 262).
Explicit examples of manipulable entities are those that can be used “as tools, as instruments of
inquiry” (Hacking 1989, p. 578). In addition, the experimenters’ belief in an entity increases when
they can investigate the entity through different mechanisms, hence Hacking’s “argument from

coincidence”. For instance, when different microscopes—whose working is based on other

2 About selective realism and a description of entity realism, see also Chakravartty 2017a,

section 2.3.
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mechanisms—detect a microscopic entity, one is justified to believe in the entity. (see Hacking
1983, p. 201; and 1985, pp. 146-147).3

Cartwright (1983, essay 5) is also known as an entity realist. She makes a distinction between
theoretical and causal explanations. Theoretical explanations are based on laws, which can be
explanatory withou