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I. Introduction

The topic of this dissertation suggests that this is yet another wading into the ongoing realism
debate on the reality of theoretical entities. That is true, but only enough to wet the toes so to
speak. What | say will have pertinence to a small aspect of it and only right at the end of the
dissertation; namely that part of the debate which connects with the topics of
incommensurability and the pessimistic meta-induction argument. Together these are
considered to undermine the claim that scientific theories have been and are converging on
the truth. Certainly they force a more critical view on the aspects of contemporary theories we
can be realist about and those we cannot, and indeed of the whole direction of the realism
debate in general. My claim is that what we can be realist about is much vaguer and more
uncertain than we think, when the history of science and the essential dependency of scientific
concepts on dynamic research processes is taken into account. Trying to assess realism on the
basis of their supposed fixed meanings hides the dynamic role theoretical entity concepts
themselves have played as epistemic units of research.

What I'm interested in is what I consider a rather neglected aspect particularly in
philosophical circles of our understanding of scientific practice. Indeed the question of what
the postulation of theoretical entity concepts has contributed to scientific research historically,
and why in fact they have been postulated, are actually | believe prior questions to addressing
philosophical problems such as reference-fixing, referential continuity and even realism,
questions which have traditionally been approached first from a theoretical standpoint, and
only later have drawn on the evidence of practice in the endeavour to justify or discount
essential philosophical claims. This is unfortunate however for other reasons. Theoretical
entity concepts are among the most interesting and most important concepts in modern
science, which are witness to the very ability of science it seems to reach into the
unobservable world and structure it in ways that have in many cases been hugely successful in
producing successful theory and experimentation in spite of what might call our lack of
epistemic access to this world. Something certainly interesting and potentially unique is going
on with the use of these concepts through the way they drive scientific understanding and
scientific research. In most cases they are postulated as central elements for the
understanding of certain phenomena, and around which research processes are built and

organised. Yet apart from some good recent philosophical and historical work, what we know



about theoretical entity concepts and their contributions is rather limited, usually restricted
strictly to the understanding of them as bundles of assertions about the world and the narrow
concerns of the realism debate.! But theoretical entity concepts are more than this in the rough
and tumble context of research and play many other roles, that go beyond just representing a
thing and this is little researched, leaving a huge hole in our understanding which I’ll claim

renders debates like the realist debate somewhat abstract and misdirected.

As such the principal foci of this dissertation can be expressed as the roles of theoretical entity
concepts in the history of science and the referential practices of scientists with respect to
them. The former in fact will provide the detail for putting forward an account of, and theory
of, the latter, but in itself makes a number of philosophical and historiographical points about
the way we understand the role of concepts in the context of historical research processes.
This extends to how we should understand what such concepts are. In this respect this
dissertation has something novel to say, postulating that there has been a failure in our
accounts of theoretical entity concepts so far to consider their essential functions as epistemic
devices or tools in scientific practice. Concepts in general have epistemic ramifications. They
are not used by scientists just as representations of the world, or to store data about the world,
nor are they simply the outputs of research processes. They have important roles in directing
those vary processes acting as resources and constraints for understanding, investigation,
conceptualisation or theory-making, experimentation and explanation: all basic elements of
scientific activity. If we wish good historical accounts of concepts in scientific practice then
these accounts should respect and track the integrated relations between research processes
and the concepts they rely upon.

Some concepts have been more important in this regard in general, and unobservable or
theoretical entities have a strong history of being central to research processes. Histories of
such concepts can be constructed around their epistemic value to particular research
processes, and even told from this perspective. What such histories reveal is the
methodological relationship of their use in practice between their role framing research
processes and investigation, and their oft openness and flexibility of description for the

researchers involved. Indeed part of their epistemic value can be derived from the dispositions

! See for instance Theodore Arabatzis, Representing Electrons (Chicago, University of Chicago Press, 2006);
Biographies of Scientific Objects, ed. Lorraine Daston (The University of Chicago Press, Chicago and London,
2000); Hans-Jérg Rheinberger, Towards a History of Epistemic Things: Synthesising Proteins in the Test Tube
(Stanford University Press, Stanford, 1997).



of scientists historically to accept re-descriptions of such concepts (or more properly, of their
underlying entities) in order to adapt them to the emergence of new phenomena and new

investigative paths which are the commonplace of continuous evolving research.

At this point reference enters the picture. By concerning myself essentially with referential
‘practices’ I'm taking a step back from the philosophical principles established somewhat
normatively by philosophers on largely logico-semantic bases to point out what counts as
reference based on linguistic (and sometimes metaphysical) considerations, and thus what
counts as instances of referential continuity in the history of science, but not to scientists’ own
practices of retaining concepts or terms and abandoning them, and how they structure their
beliefs in this regard. This gives us a more naturalistic standpoint to assess theories of
reference and the realist debate, and it reveals that we have neglected an important aspect of
scientific practice pertinent to them: that is, these epistemic roles of theoretical entity concepts
in the production of theory, explanation, investigation, conceptualisation and experiment. The
very functionality of these concepts in this respect has referential import as I'll try to show.
Such a position is placed in opposition to those that tend to understand reference as a
language-world relation bound up with the descriptions of entities and their ontological

assertions.

Although it certainly needs to be spelled out why, this promises some benefit to the realist
position and indeed something of an escape from what might be considered a largely abstract
philosophical debate, without real grounds in research practice. As it turns out, it frees up
referential continuity from issues of conceptual meaning, which have been the traditional
mode of understanding scientific concepts in philosophical circles. Theoretical entity concepts
have a history of being either open-ended or incomplete in their descriptions, or the subject of
re-description and reinterpretation. Yet that this is often the case should not necessarily lead
us to think that the reference of scientific terms are shifting ceaselessly about, such that the
electron today shares no common reference with the electron of 100 years ago. It is part of the
methodology applied to the use of such terms that these concepts are inextricable from the
research processes they help develop and that in turn shape the representation of the concepts
themselves. As such the electron concept of today and yesteryear are historically related
through these processes which they have had a continuous role in framing. This is despite
otherwise quite radical shifts in its meaning. Something deeper is going on in the way
scientists use these concepts epistemically and refer to them despite representational change.



All this starts with the observation of scientific practice itself, and something that seems from
a philosophical perspective, especially in the context of various pronouncements on the way
reference works, to require explanation. Indeed my starting point is to draw out the
problematic elements that result from the traditional philosophical approaches to reference
and conceptual continuity, and the treatment of concepts generally, which have proceeded
more from the analysis of language rather than actual practices themselves. In fact we can
identify certain underlying presuppositions which tend to co-occur behind this treatment

particularly of theoretical entity concepts:

1. These concepts are elements of claims about the world as representations.

2. They are essentially linguistic structures analysable chiefly within the philosophy of
language as ring-fenced containers (defined by their content).

3. They are to be considered as outputs of research distinct from the actual processes of
research.

4. They develop, and are compared at different times, in terms of their content.

As a result traditional theories of reference focus on the meaning of concepts, treating them as
ring-fenced containers, leaving certain referential practices of scientists inexplicable at best,
or irrational at worst. Incommensurability is an ever-present danger. Yet the assumption is
that despite what philosophy tells us should count to fix reference, science has its own various
criteria for which they have their motivations, which have in turn emerged historically from
their need for methodologies with which to meet the epistemic goals of their research and
further them. That is the starting assumption at least of what | have to say about these

referential practices and also the continuity of theoretical entity concepts.

Four aspects of these referential practices stand out;

1. Scientists have in many cases persisted in using a concept, and maintaining a belief
that they have been continually redescribing the same thing, even though such
redescriptions have involved significant and dramatic shifts in the representations of
the entity involved. (e.g. various subatomic particles, the gene concept)

2. Significant aspects of an entity’s representation may remain unsettled or unexplained.

These may pertain to significant ontological questions about the entity, such as what
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natural kinds it belongs to, how it is internally structured, what might be said to be its
‘nature’ or constitution (which might require theories of interpretation), or how the
collections of properties or causal powers assigned to an entity might be explained
where there is a want of explanation (with models of internal structure or models of
behaviour — see continental-drift theory). In which case it might be said that there is no
real clear picture of what the entity is, or what provides its causal powers, beyond the
bundle of properties associated with it and the implications of those powers. Certainly
there is nothing that might be classed as an essential description of the object that
might be an answer to the question ‘what physical properties of X uniquely determine
its extension?’(the initial gene concept for instance, the early virus). It simply might be
left open for lack of information. Yet lacking these kinds of descriptions does not
seem to stop scientists believing their entity concepts refer to something in the world.
In other instances there might be disagreements over such descriptions or
interpretations, but still significant agreement that there is a thing being referred to
independent of these and despite this debate (atomic structure debates, models of the
electron). Thus a kind of principle of charity operates. Scientists implicitly agree that
they are talking about the same thing yet disagree over significant aspects of it.

In some cases scientists think that, where there has been an acknowledged conceptual
shift and an entity replaced by a new one in their explanations of a certain phenomena,
they regard the old concept as simply referring to the new, as though they were all
along referring to the new even while describing aspects of the old. (e.g. the aether
and the EM field). In other cases they don’t (e.g. phlogiston and oxygen).

. Theoretical entity concepts seem to share the same reference ascribed by scientists
even across disciplinary boundaries and the different uses and descriptions of the
entity given by those various disciplines (e.g. the chemists’ and the physicists’
electron of the early 20™ century, and historically before the 60s, genes across

molecular and classical biology)

This seems to indicate that for scientists the representations or characterisations of their

entities haven’t necessarily been fundamental to the entity concept. For them a continuity of

reference, a belief that they are describing and re-describing the same thing, comes through

other less obvious means. An entity concept can be substantially open-ended; flexible in the

understanding one can have of it and open to interpretation and reinterpretation. But why?

Why should this be the case when it has seemed to many philosophers (from Frege onwards)
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that changing descriptions should rationally lead one to give up on any belief that the same
thing is being described? Well the answer has to take account of the fact that other aspects of
entity concepts other than descriptions play an important role in referential practice. To
preserve substantial space for description is in fact a distinct and essential part of the
methodology of science when dealing with complex often inaccessible systems, which can
place its roots in quite minimalistic assumptions about how the world is, but leave the more
substantial details to investigation or correction. At the same time these concepts have guided
and shaped the scientific process, by framing objects of investigation, and providing objects
for the investigation and explanation of other phenomena. Such concepts have served as
inherent parts of developing research processes and played roles as resources and constraints
for those processes. Perceived in this way a philosophical methodology that simply extracts
such concepts out of research processes analysing them distinct from it, misses this important
epistemic dimension of their use, and their association for with the goals and objective of
ongoing process of research, and hence misses the fact that scientists have aligned themselves
to such concepts on the basis of their epistemic value to developing and evolving this
research. These concepts in certain aspects provide structure to essentially dynamic processes
and thus methodologically anticipate development and accommodate re-description. The
question for us is what these aspects, that we’ve labelled these epistemic functions or roles,
are and how scientists use these to ground world-language relations such that they could be
said to sustain reference. Whatever the answer is it must relate to the dynamics and demands
of research, not language. The promise is an account of reference faithful to practice which at
the same time accounts for the essential fluidity and flexibility of these theoretical entity
concepts, and their space for development.

1.1 Dissertation Structure

The structure of this dissertation is as follows:

Chapter 1 argues for the necessity and value of an epistemic account of these scientific
concepts in order to evaluate their historical role in scientific practice. This is not to invent a
completely novel perspective on theoretical entity concepts. There exist strands of
philosophical and historiographical literature that have for one reason or another treated

concepts in this way, particularly in the case of theoretical entities. These serve as useful



starting points for developing this approach, and provide justification for it (other than for the

sole purpose of understanding referential practices).

Chapter 2 attempts then a clarification of what could be meant by the epistemic roles or
values of theoretical entity concepts, and indeed historically how we might categorise them. It
provides a loose framework for the rest of the dissertation, particularly a basis of analysis for
examining the roles of such concepts historically, and understanding how individual cases
have contributed centrally to their processes of research. | suggest in fact that we can picture
these roles together as well represented by describing theoretical entity concepts as epistemic

frames of research and investigation.

Chapter 3 applies the theory of chapter 2 in respect of the classical gene concept up until
roughly 1953, one I think of the clearest examples of how such concepts have functioned
epistemically in a research process, in the attempt to understand heredity and development.
What is particularly instructive is the historical illustration the gene concept gives of how
scientists incorporated openness and flexibility of the concept into their use of it, to create an
epistemic tool to guide their investigation, theorising and experimentation in circumstances
where little was known or understood about the biological and chemical processes at hand. I’11
argue specifically that describing the gene concept as akin to an epistemic frame of
investigation helps us understand its central contribution to this research. Further this use of
the concept was supported in this instance by what | will call an open-concept realist attitude
on the part of many scientists involved, which justified their reliance on the concept to frame
their activities on the basis of a belief in the existence of a gene entity.

Chapter 4 provides the second case study, which is that of the neutron concept from the
1900’s up until 1939. We will see that like the gene we can describe its contribution to the
study and examination of nuclear forces and nuclear structure in terms of certain epistemic
roles, which guided experimental investigation and theoretical development. Like the gene
fundamental or central aspects of its description or representation were not settled, but the
subject of debate and reformulation in the course of this research. In this case | will track
more precisely, through a more detailed historical narrative, how the development of the
neutron concept and research into the nucleus for researchers was intertwined through the
agency of the neutron’s epistemic roles. Treating it simply ontologically, as a collection of
representations, ignores this underlying dimension of participation and continuity.



Having considered these case studies and the historical importance of epistemic values to the
roles of these unobservable or theoretical concepts in historical practice, the last two chapters
deal with the philosophical implications. Chapter 5 argues that what emerges out of these case
studies and other examples are practices of conceptual continuity and referential continuity
that seem to rely fundamentally on the epistemic roles these concepts play in their research
contexts. The key point is it seems is that researchers centralise these concepts around the
elements that help structure and progress their research, and which are to an extent
constitutive of this research, being basic necessary aspects through which they can frame their
understanding of the phenomena and their approach to it. As such conceptual continuity and
reference is governed in practice by these epistemic roles and their essential properties, upon

which research depends.

Lastly chapter 6 considers the philosophical debate over the reference of theoretical entities,
and argues that theories so far developed do not really start from an understanding of
referential practices or the part played by their embedded nature in ongoing research
processes. The norm is generally to start from considerations of language and try to work that
into a theory of reference that fits practice, rather than starting from practice and seeing what
motivates it directly. We will consider then the question whether or not we can from these
theoretical positions derive a rational basis, or more precisely rationale, for this practice of
treating such concepts as epistemic frames that could be said to ground language-world
relations, and thus compose a theory of reference for historical theoretical entity concepts in
the research context. If this carries through then we have some way of understanding the
continuity of theoretical entity concepts despite meaning change in line with the often realist
interpretations scientists themselves have. We can understand continuity as part of an
investigative process into the same underlying entity, whether that entity turns out to exist or
not. As such we have not only the basis for an objection to anti-realist arguments that begin
from the supposed discontinuity of the reference of these concepts but also for the recognition
that the whole realist debate has proceeded from a noticeably abstract position, in which terms
and concepts have been generally separated from their research contexts. At the same time
however we have to accept that what we can be realist about needs to fit with this more
investigative and developmental functions of these concepts and their open-ended character,

giving us a picture of what we can know that is much more vague and uncertain.



1.2 But what are theoretical entities?

As mentioned above my main concern is not with scientific concepts in general but with
historical and philosophical accounts of theoretical entity concepts. These of course have a
history of being among the most interesting of the family of scientific concepts to
philosophers, particularly in their incarnation as theoretical terms, but also some of the most
vexing. They represent that most exciting and powerful capability of research to reach
supposedly into the deeper elements of the world, through reasoning rather than pure
technology, exposing not just the world’s wonder and complexity, but also the power it seems
of human abilities. But they also represent philosophically some of the most frustrating and
least understood elements scientific ontologies. The task in this section is to deal with the
difficult issue of what these are and what the motivation could be for choosing to group these
concepts and their underlying entities in this way. I’m hoping not to get engaged in a dispute
about how exactly to define these, because that’s probably impossible in any precise way, but
| do want to point out some important characteristics of theoretical entities which will help
with our analyses later on, and so we can be relatively clear about what class of concepts I'm

generalising over.

1.2.1 Defining Theoretical Entities

In general the concept ‘theoretical entity’ has a rather poor and unclear history in philosophy
of science. Often a paper talks about ‘theoretical entities’ casually listing examples like
‘atom’, ‘electron,” ‘gene’ and ‘field’, leaving it unclear as to the extension of the term, but
relying on some idea of the postulation by theory of some thing that is unobservable. This
leaves open questions about whether something like a process is included or a force (as
opposed to a field) or any of the large class of states and properties, as well as kinds and
categorical terms like Newtonian System. Together these things cover what might be called
the class of ‘theoretical terms’. It’s fairly clear that philosophers don’t mean by theoretical
entity just anything from the class of theoretical terms (terms without observable reference).

They have something more refined in mind. But it is difficult to specify this.

Realists often implicitly do so to an extent at least by discussing theoretical entities in terms
of an analogy with observable things to give sense to the claim that an unobservable thing can

be real. The observable world is of course our immediate grounding and source of information
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for what it is to be ‘real’. Realists argue that for something unobservable to be real it must be
in the same sense for which observable things are. When we assert an electron is real we
mean that in some sense it is like an observable material object such as a chair. Likewise an
unobservable process is real in the same sense that an observable one is. If you’re sceptical
then about considering a process as a real thing, then of course you won’t find the
unobservable versions any more real. Thus the real world can be a guide to what you consider
can be real at the unobservable level. This is an appealingly intuitive approach to giving sense
to the reality of unobservable or theoretical entities, and thus giving meaning to the claim that
unobservable postulates represent real things. After all the idea that a thing is in some sense
composed of its properties, and properties themselves if they co-occur can identify a thing,
comes from our familiarity with the observable world. Unfortunately it only works so far. One
may debate whether there really is any sense in which a field (force field) compares with
something observable. There is a huge difficulty equating subatomic particles with real
objects in any straightforward way. Standard notions about material substances break down at
the microscopic level.

Happily my concerns don’t require me engaging in a long-winded discussion of this. My
approach doesn’t require me to give strong ontological detail of what my class should or
shouldn’t include. After all such ontological questions are to some extent the providence of
empirical research, the kind of questions I claim are framed and investigated with respect to
established concepts. | am operating primarily to group these concepts via elements typically

important to their historical epistemic roles in research processes.

1.2.2 Some ideas about Theoretical Entities

So what I’m going to do here is specify some aspects of what | mean by theoretical entities.
The first remark is that I’ve chosen to stick with the nomenclature of ‘theoretical’ entities.
Arabatzis chooses the term ‘hidden entities’ for his recent discussions of these objects.? He
tells us the reasons are so as to avoid raising the vastly problematic unobservable/observable
distinction with notion of an ‘unobservable entity’, and also to avoid giving the impression
that that hidden entities don’t transcend the theoretical frameworks in which they are

embedded. I think this is perfectly reasonable. For me though it’s important to emphasise the

% Theodore Arabatzis, ‘Hidden entities and experimental practice: towards a two-way traffic between history and
philosophy of science’ (unpublished).
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actual ‘theoretical’ nature of such objects which translates to a lack of knowledge and
uncertainty regarding the entity, and the unobservable world in general which it attempts by
its supposition to give some structure to. It informs the very methodology by which they have
been historically used and which I will outline in the coming chapters, as elements which are
accessible only through the medium of theoretical assumptions and as such are treated open-
endedly and flexibly in terms of their descriptions, but provide researchers with a resource to
begin to structure the world and upon which theoretical positions can begin to be constructed.
As such I don’t think that these entities never transcend their theoretical frameworks.
Conversely, their principle role is often their contribution to theoretical frameworks, and the
way in which they contribute is partially transcendent itself. Theoretical in this sense refers to
their function rather than their nature. For these reasons I think ‘theoretical’ is reasonable way

of describing these entities.

Here then is a list of some otherwise important aspect of theoretical entities and entity
concepts as they have historically arisen which help give sense I suppose as well to the notion

of ‘entity’, and which have certainly been important to their use.

1. They are causal agents. They act through their properties causally on other bodies,
systems, processes etc and thus can provide causal explanations.

2. They are or were once unobservable (in which case they are historically studied during
the period before they became observable) or only indirectly observable.

3. They (the elements of the terms in question) occupy generally a spatial and temporal
location. Although this may not be well defined in terms of precise values (this may
be impossible as in quantum theory), it is clear that they exist ‘in the world’, as part of
the world and occupy some space-time region.

4. They seat certain properties. They serve to combine or link various properties
simultaneously, and in ontologically neutral terms are packets of properties. They are
not themselves properties or quantities.

5. They are natural kinds.

The aim with these criteria is to capture the sense of entities as physical stuffs or objects
which are investigable through their position in or occupation of space-time and which can
influence the world around it causally, while at the same time have the metaphysical basis to
support property ascriptions and support generalisations regarding entity-members. It is
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deliberately general enough, that it captures such things (which may or may not still be
unobservable) as genes, classical fields (EM — field, gravitational field) if they are considered
unobservable, maybe quantum fields (which are controversially physical), subatomic
particles, viruses, atoms, unobservable planets, black-holes, the aether, phlogiston, caloric,
Wegnerian continents, diseases, systems with causal agency (various biological systems for
instance) and events. It might include processes, at least those with a sense of location in the
world and causal agency (thus not ‘evolution’ but maybe ‘chemical reactions’). On the other
hand it probably doesn’t include things like forces (with no real sense of space-time
occupation: fields provide this sense), mathematical abstractions without physical
interpretation such as the quantum mechanical wave function y, and the whole class of terms
that apply descriptively to classes of different objects but aren’t objects themselves, such as
‘conservative systems’, or Newtonian systems, or reversible processes. These rely on there
already being something about which you are speaking which counts as a causal agent entity.

They are more like properties.

Although this will be brought in more detail in the next chapter, let me give some insight into
the criterion chosen. Each in some way supports the epistemic use of these concepts. This is
elaborated in much more detail in later chapters. For instance what | have to say about
epistemic function is often linked to the formation and postulation of entity concepts as causal
agents. This is expressed through explanatory functions, but also theory formation, the
manner in which they are detected, investigated and identified experimentally, and the
broader manipulability of entities in experimental contexts of which Hacking discusses.’
There is thus seems to be a basic methodological link across the sciences between the
postulation of theoretical entities and the presumption of the causal structure of reality which
operates beneath the observable level. Referential practices are often directed at loosely and
broadly marking out the causal relations and causal structure with entity postulations that are
relatively open to investigation and description. Broad causal relations provide some of the

tools to establish these broad referential links (see chapter 6).

Likewise the other properties all share epistemic virtue, which | should give at least a brief
outline of here. The ability to collocate spatially or temporally properties is fundamental to the
use of many entity concepts ‘conceptually’, and has been in many relied upon to fashion an

entity concept to fit its explanatory purposes (see chapter 2). As I’ll suggest in chapter 1 one

® lan Hacking, Representing and Intervening, (Cambridge, Cambridge University Press, 1983).
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way of considering what ‘natural kinds’ are is in epistemic terms, is as group over which
scientists can generalise inductively. ‘Natural’ need not be spelt out ontologically, which has
proved difficult to do, but rather in terms of the belief of scientists about the relations between

members which gives them a basis to rely on the concept in this way.

Spatial-temporal locality which I would also call ‘thing-likeness’ has played a role in the way
scientists have pursued their further investigation of the world. The assumption that the object
in question can be found in some locality and is bounded by the world in some way (distinct
from the background) prompts investigation into how to distinguish it, find it, identify it or
locate it. These concepts structure investigation of phenomena by providing a conceptual
basis for it, relative to which the world can be examined.

The category of ‘unobservable’, and also for that matter ‘theoretical’, have a difficult history
in philosophical discussion and are not terms that can be used or should be used with any
kind of strict precision.* There is no strict line separating unobservable from observable
objects because it depends what you consider to constitute instances of observation. Many
physicists for instance take a particle track in a cloud chamber to be an observation event of
that particle, and thus consider the particles ‘observable’, even though of course no one
actually has a direct visual image of the particle. Likewise planets around distant stars are
often said to have been ‘observed’ when its star is seen to shift. While of course the common
usage of a term need not coincide with what is meant philosophically (the sense in both case
seems more like ‘detected’), it is clear in this case that there is an issue here of where to draw
the line and whether or not a line can be drawn. In fact in the case of ‘observation’ various
epistemic categories like ‘observed’, ‘detected’, ‘measured’, ’deduced’, ‘induced’ or
‘abduced’, get run together and as such observation or degree of observability is a matter of
the directness of epistemic access one has to the object in question. The indirectness of the
cloud chamber example should not thus automatically mean that this does not count as an
observation, only that it should to be a lower degree of observation than say witnessing an

event in the street.

However strict unobservability is not the basis I’'m working with here. It’s more important

that epistemic access to the underlying entity is mediated by theoretical elements, such that

* See particularly Achinstein; Peter Achinstein, Concepts of Science (Baltimore, John Hopkins Press, 1968),
ppl57-167.
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the information about it is in some way dependent on factors that are open to change in the
course of research, and such that information about the underlying entity is limited by the
constraints of what can be derived through these elements, often perceived as generating only
limited or incomplete accounts of it. This is what necessitates the kind of methodological
response to the use and management of theoretical entity concepts that I’ll try to detail in this
dissertation. The way in which they can be investigated further themselves relies on the
mediation of theory, which is less the case with more observable objects which have the
mechanism of perception through which to gain information about them, and verify
statements with respect to them more directly. It still is however a matter of degree depending
on where these entities lie on theoretical scale, and although I don’t explicitly argue this in
this dissertation, it is probably the case that the extent to which this methodology is relied on

depends on the extent to which these terms are only indirectly ‘accessible’.

Of course my interest in this dissertation is saying something historical and philosophical
about theoretical entity concepts, which have long been an interest of both philosophers and
historians precisely because of their unobservability. In any case none of these properties are
meant to be strict criteria for demarcating or identifying this set of concepts. They are
properties that in my research seem pertinent to the epistemic use of this class, and thus serve
to group them epistemically such that we can say something general about them and form an
historical perspective with respect to them. Each property applies to a greater or lesser extent.
What matters for us fundamentally is the epistemic use of these concepts, and how this use
takes advantage of these properties, or is shaped by them to the extent that they hold. What we
find is that these properties do matter in this respect and even for discussions about reference.

1.3 Final Notes

This said, I don’t wish to go overboard about what I can achieve or argue for in this
dissertation. I'm happy if I can offer a novel way of assessing the contribution of theoretical
entity concepts historically, and an alternative account of referential practices. The real aim is
to motivate these with a degree of historical evidence, rather than provide necessarily
watertight argumentation. Most of the hard work properly refining the concepts involved for
instance and giving more full blooded accounts of the historical cases in accord with these

forms part hopefully, if any of this sounds at least promising, of future further work.
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Chapter 1: Epistemic Roles — A History of Considerations

A principal focus of this dissertation is the referential practices of scientists with respect to
theoretical entity terms in the context of research processes. Reference however is a
philosophical concept, not a scientific one. There is no scientific theory of reference per se,
although individual scientists may have something to say about it, in a very generic sense at
least. As a result referential practices have to be teased out, by looking at the broader
methodological strategies and positions they engage with, and more precisely, with the way
such terms are in fact used by the scientists that use them. This extends beyond what the
scientist might say about definitions and meaning. Scientists themselves present their terms
and concepts in different contexts in different ways. The research context is a different
environment from that of a textbook for instance, and the notion of concept relied upon is
different in each, as we’ll see. As Achinstein puts it with respect to the scientific meaning of
concepts, what the scientist says about them may be precious little and often misleading, and
“one will often need to dig beneath the surface....” Such a philosophical methodology
extends to the study of referential practices with respect theoretical entities. We need to
examine historically the uses of these concepts, and only by having an account of the
methodological practices that have been associated with such entity concepts or terms first,
can we begin to see what these practices of reference might be. I will argue that for theoretical
entity concepts relations of reference are associated quite strongly in the context of ongoing
processes of research, with their epistemic functions or epistemic roles. This awaits however

chapter 5!

But reference is only an aspect of the broader historical and philosophical concerns raised by
a consideration of the epistemic roles of theoretical entity concepts in practice and scientific
concepts in general. What | want to assert in this chapter (and the next) is the relevance and
importance of have epistemic account of scientific concepts in general as ways of piecing
together and understanding their role and importance in scientific practice. This kind of
project tries to build up a general picture of the kinds of epistemic roles or functions that
concepts have provided in the context of research processes. It has long been recognized for
instance that theoretical terms have played methodological and epistemic roles in theory
construction. They are more than just ontological posits or discoveries. No one need be

reminded of course that the Vienna circle had a strong interest in the methodological function

> Peter Achinstein, Concepts of Science (Baltimore, John Hopkins Press, 1968), p.109.
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of such terms. The attention to such functions has come up at various times in one form or
another. Most recently Hacking has pushed the notion of an entity as a tool in experimental
circumstances.® In the history of science there is now a greater perception of the importance
of having some account of the role of scientific object in scientific practice. There are
developing accounts of what entities in this respect have contributed to science. We find in
the historical literature the perception of entities as active agents in their own histories, a
perspective that stems partially at least from their central methodological and epistemic
functions in regulating and directing the activities of scientists. All these I will discuss as

motivations for what | have to say on the topic.

However while these various projects have explored the methodological function of
theoretical entities, none have done so as a subject in itself, rather than working towards some
other goal. Hacking for instance wished to argue for the primacy of experiment and the reality
of ‘experimental entities’. The logical positivists and empiricists were interested primarily in
the relation between unobservable and observables and ultimately the meaning of theoretical
terms. Historians have pursued scientific objects for historiographical reasons, principally for
developing new ways of writing the history of science that take account of the primacy and
centrality of their role and certainly of their active contributions. Historians have yet tried to
give a structured picture of what these values are, if there is some general picture to be had
across the historical examples. | think in fact some of these epistemic roles and values
underlie the very basis of writing histories in the way, from the entity’s perspective so to

speak.

However the more significant hole lies in the philosophical discussion of entity concepts and
in fact scientific concepts in general. Generally the consideration of theoretical entity concepts
has been driven by the realism debate and its goals. There has thus been much attention
towards the truth value or otherwise of theories involving entity concepts, somewhat ignoring
the life or role of entities beyond acting as ontological posits about nature. To an extent we
have Hacking’s experimental realism to thank for attempting an argument for realism based
on the notion of an entity as a tool rather than as a theoretical assertion. After all theories
rarely directly posit the existence of things as the final line of a calculation. They use entity
concepts and their properties to construct theories and experimentation towards the goals of

® Jan Hacking, Representing and Intervening: Introductory Topics in the Philosophy of Natural Science
(Cambridge, Cambridge University Press, 1983).

16



their research. Entity concepts are bound up in the mechanics of active ongoing research as
resources and constraints for them. This is the very basic but formative insight of this entire
dissertation.

Most philosophical problems which rely on the nature of science (descriptions of its
methodology for instance) must of course at first have a reasonable account of scientific
practice, and this account needs to be historically aware of the dynamic and evolving
character practice. Such a statement is as close to fundamental as any is. In any case it is a
goal of philosophy of science in itself to fathom this practice and reveal the methodologies
that have historically driven it. | claim that these historical and methodological goals
necessitate a consideration in practice of the epistemic roles of entity concepts and in fact
scientific concepts in general, which have shaped research processes. Modern scientific
practice has made methodologically central the resources and constraints that its concepts
provide. Concepts and conceptual frameworks have provided the means of research and
investigation, not just the end products of it. Realisations such as these point the way to
deeper revelations about just what such entity concepts do for science, where there is an
unobservability or lack of direct visibility, of the causes involved. These reveal at least for
these concepts | believe a set of broadly shared epistemic values and an underlying
methodology with which scientists use them to approach the unobservable and hypothetical,

including importantly, the open-endedness with which they have typically treated them.

The purpose of this chapter is principally then to motivate the analysis of scientific concepts,
and theoretical entity concepts in particular, in terms of their epistemic contribution to
research processes. The way | will do this is by drawing from the historical and philosophical
literature that has itself pursued this topic, if indirectly. The insights from this literature is
almost invariably useful for what | have to say. Indeed these can be drawn together, not only
to justify or motivate a general program of such research, but also to provide the framework
for it...1.e. the set of important concerns and issues that it aims to deal with and should help

elucidate.

This chapter then has the following structure. In the first section we give meaning, briefly at
least, to the notion of ‘epistemic role’. The second argues specifically for an epistemics of
concepts, particular theoretical entity concepts to understand their role in research processes
by drawing together historical streams of thought that have considered the epistemic value of
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entity concepts. The third draws these historical discussions together and tries to formulate in
general way the considerations that should guide such investigations towards providing
historical account of particular concepts and conceptual frameworks. In other words we seek
out the language appropriate to interpreting their history in terms of their epistemic roles and

evaluating their participation in the development of research processes.

1.1 Epistemic Roles: The Basic ldea

How do we make sense of the idea that concepts, especially theoretical entity concepts, have
provided epistemic roles for researchers? Although I will develop these ideas more in chapter
2 let’s start at least with a basic consideration of what they might be. What | mean to describe
by the epistemic function or epistemic role of a concept (entity, property, relation, kind or
theoretical term in general) in a research process, is a role that concept plays in achieving or
furthering the epistemic objectives or aims of that process. Here epistemic objectives are thus
defined within the context of the aims of particular process of research, but could be
construed generally as whatever would contribute directly or indirectly to the improvement of
knowledge or understanding about the natural world. This includes the development of new
theories (conceptual frameworks), experimental set-ups for probing established phenomena
and the production of relevant new phenomena, new explanations and predictions, and also
judgments of belief, in the sense that terms and concept may have a function testing theories.
It is essentially then its productive function which makes it ‘epistemic’ in so far as it helps
discover new facts about the world and/or provide new understanding. It is also a
confirmatory one in the sense of helping confirm postulates. This doesn’t mean that the
concept must be productive in the sense of directly giving new predictions, or that it be
straightforwardly constructive by bringing with it building blocks for theory or experiment.
Simply by constraining or influencing the direction research can take a concept can exercise

an epistemic function.

What I’m aiming to give then with this conception of an ‘epistemic role’ is some structure to
the belief that historically theoretical entity concepts, or scientific concepts in general, have
participated in the development and pursuit of a process of research. This said, my idea of an
‘epistemic role‘ is not meant to capture all the ways in which concepts have interacted in this
way, but rather those roles that have worked at a basic or ‘outer-level’ if you like to help

constitute research. These I believe as we’ll see are the roles that are important for
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understanding conceptual change and the historical continuity of theoretical entity concepts.
As such the following properties will characterise what | mean by an epistemic role. These

are:

e Defined relative to the goals of an accompanying research process.

e Not of themselves determinative of the conclusions scientists reach in complex
circumstances or what they find.

e Subject to interpretation in practice (but in this way still act epistemically as a frame for
interpretation).

e Formative of research: to a degree independent of the development of research as they

are part of the very structure by which that research is run.

A research process then is defined by its epistemic objectives and by virtue of these the
epistemic roles of a concept can be historically identified where they exist. I don’t think one
could define the epistemic role of a concept free of the particular research in which it is being
utilized because by definition an epistemic role is directed at a purpose and these purposes
themselves are defined in some context, which is the context in which it’s being used. These
objectives countenance generally the achievement of some form of understanding of a
phenomena or resolution of a particular theoretical problem or indeed a family of problems.
Genetics for instance worked towards the understanding and prediction of the phenomena of
heredity and development. Nuclear physics worked towards the understanding of the structure
of the nucleus and the operation of nuclear forces. One can be more specific than this, but
only in so far as it’s necessary to identify the relevant research context for which a concept
was postulated. Research processes evolve their specific goals within these frameworks, but
usually these motivations stay relatively permanent. Of course if the goals are achieved then
these processes cease to be operational. The concept of course might carry over into new
processes and thus acquire new goals. Note by raising this idea of a research process, we do
not at the same put a priori requirements on the levels of nature that scientists must work at to
achieve these goals or understanding. This is itself historically an open question for scientists.
If they need for instance to delve to lower physical levels to understand a particular
phenomena or resolve a particular problem then that will happen in the course of this
research, as it has in many cases such as genetics and nuclear physics. Further it’s a mistake to
think that a concept’s advent can in any way be identified with the resolution of those goals.
That just hasn’t happened historically. There are always issues that remain, always more
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problems to solve. As I’'ll emphasise later particularly in the case of theoretical entity
concepts, conceptual construction gives generally piecemeal solutions to particular questions
that research has thrown up. In many cases the concept itself is productive of new directions
to that research or in fact new problems. A reason to keep the idea of a research process
general, is not just that historically we can identify them as such, but also that its stops us
confusing this process with the concepts employed by it and gives us a relatively stable
framework for the assessment of those concepts. What are the important questions or avenues
of investigation, and the conceptual frameworks for that investigation, considered part of
achieving these epistemic goals, are shifting all the time, but shifting in way that is generally
historically separable from the actual goals and motivations of that research that give those
shifts, as alternative ways to reach these goals, motivation themselves. | think this claim fairly

reflects what is going at least in the case studies that follow.

The latter three points capture the idea that epistemic roles should acts as means for a research
process, in a sense being constitutive or formative of it, but not determinative of the particular
paths it must take or conclusions it must reach. Put in this way, these roles allow the reliance
on a concept to be expressed in different ways as a research process evolves, and new
information and new phenomena is encountered, through their changing interpretations, but
also through the changing background theory which itself is part of how such epistemic roles
might be applied and understood. Indeed interpreting roles as well see is itself an active part
of what drives a research process, in which case these roles play a significant investigative
role framing the direction it takes and relevant issues for it. At the same time what arises from
employing these roles, is not determined by the roles themselves. If a concept is relied upon to
generate theoretical positions then the way this might be done depends on the problems that
might need to be solved, the other theoretical tools available and so on. Even in the same
context they can be jointly relied on but to reach different conclusions, just as a physical
principle might be at base of different physical theories of the same phenomena. They
underdetermine in other words the results of using them to generate theoretical positions for
instance, but also how they can be used in experimental contexts. This allows again of course
for the changing environment of a research process in which new information is arising all the
time, and theoretical responses often proceed in a piecemeal and partial fashion, relying on
varying and alternative approaches to work towards better positions in the face of complexity
and uncertainty. These roles provide a means for doing research, not what that research might
find or what it might conclude. In any case these features seem to me to be the essence of
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what we should mean by an epistemic role, as a tool of research, and | believe as such it
captures an important aspect of the historical reliance on concepts, particularly theoretical
entity concepts.

Let me single out five epistemic roles which help | believe at least express in a more
structured way the epistemic contributions historically of theoretical entity concepts in the
context of ongoing research processes; namely explanatory, inferential, conceptual,
experimental and investigative. These aren’t meant to be exclusive or exhaustive, they are
meant more or less as a basic framework for talking about and systematising the epistemic
import of these concepts. In fact they overlap each other. Inferential uses are often
explanatory uses; experimental uses are often investigative. But they each select some salient
and identifiable aspect of their use. Nor can we ignore the fact that these roles themselves
require generally an amount of interpretation using background theoretical or experimental
elements to make them practical in a research environment, as we’ve already suggested. But
we’ll note the important fact that generally these roles rest upon certain property ascriptions in
the case of theoretical entity concepts, which are necessary to, or even constitutive of, those
roles. We’ll see for instance that the unit structure of the gene, was fundamental to many of its
conceptual and explanatory uses, and thus even today because its epistemic centrality to
constructing theories with the gene and thinking about genetic material, part of the
understanding of what a gene is. It is to extent constitutive of theory-building and
conceptualization with the gene, and without which its epistemic value to research would

have been arguably non-existent.

Explanatory roles probably don’t need much additional information. They countenance the
particular phenomena that a concept is associated with as an explanatory element. This is
often of course how concepts get constructed, with particular explanatory goals in mind. The
concept of the continent was invoked for instance to explain geological phenomena in the
earth’s crust. The virus was invoked to account for infectious agents so small they could pass
through bacterial filters. Inferential roles reflect the participation of concepts in forms of
reasoning and argumentation such as induction. Concepts provide the basis for instances of
inductive generalization, often as an element over which generalization can take place (think
of a kind term for instance like ‘lead’ or ‘virus’). Conceptual refers to conceptual uses such as
providing a resource or constraint for theory construction or the construction of conceptual

frameworks. Of course it is often said that some kind of premise or supposition has
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‘conceptual value’ for scientists by providing them a basis of understanding. This
understanding is of course itself relied on in the development of theory and conceptual
frameworks. Experimental refers to their use in constructing and designing experiments, and
as a tool in experiments (see the section on Hacking). Investigative refers to the role concepts
have through their postulation raising issues and problems that require further investigation
and resolution, such as the inner structure of an entity, and means for managing that
investigation which rely generally on the application of these other roles, but have their own

particular goals and purposes.

1.2 Why Epistemic Roles? The Historical and Contemporary Lessons

We have here then at least the basic outline of what it means in my terms to assess the role of
concept with respect to a research process epistemically. The question is why should we do
this and what is the value or necessity of doing so? | think this question has to some extent
been answered historically or is being answered in contemporary historical and philosophical
literature which sees the value of this approach to understanding scientific practices. Thus |
propose we look to these historical and developing strains of thought first and thus develop

some context and motivation for it.

1.2.1 The Logical Positivist Debates and the Meaning of Theoretical Terms

The debates arising from the Vienna Circle provided the first philosophical discourse where
the question of the role of concepts — in their incarnation as theoretical terms — came under
close attention. As is well known one of the principal subjects of a debate that started early in
the century and particularly during the Vienna Circle, and after it into the 40s and 50s, was the
meaning of theoretical terms.” Such terms were defined generally by their lack of

correspondence to something observable. Carnap for instance famously split the language of

"While it is not my aim here to give an exegesis on the Vienna Circle in this section it is important to point out
that work of the last 20 years or so has taught us that our understanding of their work and their debates, and the
sheer diversity of opinions and ideas that reigned, makes the traditional attempt to fit the Vienna Circle into the
straitjacket of the ‘received view’ untenable. See Friedrich Stadler, The Vienna Circle (Springer, 2001). Here
what | say will show the actual relevance of the Vienna Circle thinking on theoretical terms to our study and thus
challenge the opinion that the Vienna Circle scholars were divorced from actual methodology and practice. In
fact they had a very good sense in some respects of how science worked with theoretical concepts. This has been
unfortunately somewhat ignored in the post-positivistic era.
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science into the language of observable and the language of theoretical terms.® The logical
positivist criterion of meaning, which attributed the source of meaning alone to testable
observation statements, raised the issue of what the meaning of theoretical terms could be,
given they lacked any direct observability. The classic Carnapian position was that such terms
could only be partially interpreted through the observation statements to which they could be
in some way deductively tied. But the question was, given this partiality of meaning, what
were theoretical terms doing in theories, if it wasn’t to represent something that actually
existed, and whether they were actually necessary at all. This led somewhat naturally to
investigation of the methodological roles of these terms. In general Carnap conceived that it
was a general method of science to employ terms without complete interpretation or
definition, where this incompleteness itself had methodological value in terms of an ability to

attach new correspondence rules to terms as required.

This kind of thinking occurred in the context of the challenge first set by Russell as to whether
or not theoretical terms could be eliminated from theories and replaced purely by an
observation language. This was referred to as the ‘Theoreticians Dilemma’ by Hempel.” It
prompted an effort to show by philosophers inside and outside the circle that such reductions
were not in fact possible because of the essential roles such terms played in theories and the
use of theories. The observations they made in this regard more or less pertained to what |
would call the epistemic function of such terms and more particularly entity concepts. It is
possible to construct a sophisticated list of epistemic uses of theoretical entities from these

writings.

Lewis White Beck in his article entitled ‘Constructions and Inferred Entities’’°, declares that
the inferred entity concept serves three purposes in science “(i) It ‘summarises’ the observed
facts. (ii) It is an ideal object for search, i.e. it provides a goal for the improvement of
observations so that what was formerly unobserved may, if real, become an object of
observation. (ii1) It is a basis of predictions of further facts and ‘explains’ them.” The first role

was also described under the heading of the ‘intervening variable’ posed by MacCorquodale

® Rudolf Carnap, "The Methodological Character of Theoretical Concepts"” in eds. H. Feigl and M. Scriven,
Minnesota Studies in the Philosophy of Science 1 (Minneapolis, University of Minnesota Press, 1956), pp. 38—
76.
® Hempel, C. G., "The Theoretician's Dilemma", in eds. H. Feigl, M. Scriven & G. Maxwell, Minnesota Studies
in the Philosophy of Science 2 (Minneapolis, University of Minnesota Press, 1958).
107 ewis White Beck, ‘Constructions and Inferred Entities’, Philosophy of Science (January 1950), 17, pp. 74;
p77

23



and Meehl'! in the context of psychology. For Beck and others a term with only such a
function was essentially eliminable, because the concept simply had no application other than
its summary of the data. There wasn’t anything else that could be done with it, such as
inferring other properties or the like. It simply acted as a convenient shorthand. These
particular concepts aside there can be no doubt that to some extent theoretical terms have
acted as summaries of observed facts, in the sense that they have conveniently packed
information that can be extracted (deduced) from them, in accord with background principles,
at any time needed. Concepts that represent putatively real objects may derive part of their
explanatory value from their ability to unify disparate facts under the same principle. The
third are inferential functions which we’ll discuss further below. The second is most
interesting because it reveals some awareness even in the context of a more or less
philosophical debate over meaning of the role of theoretical terms at a higher methodological
level providing scientists with direction to their research and a conceptual structure for it. The
example White Beck gives is of a chemical compound that does not have the features we
expect of it. Naturally we try to resolve this problem with the hypothesis of an impurity,
which can then itself be examined. This is all done relative to the postulation of the entity
itself and only because an entity had been postulated. Although not developed by White Beck
beyond his need to reply to logical positivist assertion, what he anticipated was the idea that
an entity concept entity itself can act as an epistemic frame of investigation.

Feigl, again in challenge to the ‘Theoreticans Dilemma’ and the implications of anti-realism,
gives a more sophisticated list. Similarly to the intuitions of White Beck with regard his
summarization function, Feigl includes ‘formal simplification’.*? By this he means the ability
of a concept to reduce the number of laws by acting for instance as a putative common cause
for otherwise complexly correlated events. Secondly Feigl singles out what he calls the
‘explanatory power and heuristic value’ of hypothetical constructions, by which he means
more or less their ‘unifying power’. “A large manifold of originally separate and apparently
heterogeneous facts are all brought together.”*® This is similar of course to the first. But Feigl
like White Beck also points out that such hypotheses are also fruitful in “suggesting further
avenues of research”. Feigl contends something of a conceptual benefit which is often the

basis of the value of many causal agent entity concepts. Hypothetical constructs are justified

1 K. MacCorquodale and P.E. Meehl , ‘On a distinction between hypothetical constructs and intervening
variables’, Psychological Review (1948), 55, pp. 95-107
12 Herbert Feigl, ‘Existential hypotheses: realistic versus phenomenal interpretations’, Philosophy of Science
(January 1950) 17, pp. 35-62
3 Ibid, p39.
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frequently by the ‘spatial-continuity they afford’, which enable a measure of nomological or
causal coherence. What Feigl means by this more or less is that with entity distributions you
can formulate causal laws, which would be impossible if you allowed yourself only to plot
relations between phenomenal patterns. Feigl’s essential point is that hypothetical
constructions enable or facilitate reasoning and simplification that wouldn’t be achievable
otherwise. These in my terms point to the strong conceptual values of the kind of physical
entity concepts that Feigl is referring to. If we were to restrict ourselves only to everyday
concepts in our theories, then we would have only complex and unwieldy phenomenal laws
with generally an historical character e.g. if a magnet is brought near a compass at time t then
the compass needle will move at a time subsequent. These laws would be discontinuous and
numerous. With hypothetical construction we have proved capable of replacing these with
general systems of laws predicated on the causal relations of entity concepts. Feigl thus
pushed the systematization and simplicity value of entity concepts, themselves largely what |
would call conceptual values, but also the explanatory power and intelligibility from the

derivation of a ‘nomologically coherent formulation.”*

Feigl gives a last but higher epistemological purpose to ‘hypothetical constructions’; to
provide a causal relation between observer and observed. The laws induced by virtue of
reasoning about the unobservable world provide an independent basis upon which to correct,
check or question the data or observations we make. We can in other words design causal
theories of perception to help process and interpret observational material. Feigl calls this the
‘Copernican Turn in Science’, meaning the point at which a framework was set up in science
which no longer treated observations as the primary and irrefutable, but in need of some kind
of theoretical framework for their interpretation and relevance. One would think Feigl is
heading towards some kind of ‘theory laden view’ of observation but he doesn’t quite go that
far. It is clear nonetheless that he thinks that hypothetical construction is itself needed in
some capacity to make decisions about the value and reliability of evidence. Again | take
these statements to be comments on the conceptual value of entity concepts for interpreting

the world.

There are in fact for him higher epistemological ramifications of this fact; that of constructing
a naturalized epistemology. ‘The knowing organism must find a place in the world it knows.’

This must be facilitated necessarily by postulation about the unobservable world, since these

“ Ibid, p40.
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relations are not themselves observable. If this is the case then of course concepts representing
unobservables provide a deep fundamental role to the very possibilities of knowledge. That is
at least Feigl’s grand perspective on the epistemic role of theoretical terms, which support for
him the very basic elements of scientific methodology. Feigl was thus willing to pursue quite
strongly the idea of theoretical terms and entities as performing significant epistemic roles.
We don’t however need to go quite so far as this to identify the importance of theoretical

entity concepts in historical practice (see chapter 2).

At the same time as the theoretical uses of entity concepts were being explored and
categorized in this way by those associated with the Vienna Circle, if only loosely, there was
a stream of thought strongly questioning the reduction of the meaning of such concepts to sets
of observation statements or otherwise. In strong opposition to the Theoretician’s Dilemma
philosophers argued that there was an aspect of theoretical terms beyond definition, which
served nonetheless an essential, what | would call, epistemic function. This was more or less
the ‘openness’ or better put ‘open-endedness’ of theoretical concepts. Carnap identified it in
his ‘Testability and Meaning,” by which he meant the partial interpretation of such concepts
and hence the ability to add more correspondence rules as required to strengthen the concept
without ever completing it.**> As such this ‘openness’ of interpretation was construed to reflect
the property of novel application which theoretical terms seemed to possess and was thus an

element of their methodological value.

Others had a different understanding of what the ‘openness’ or indefinable element of
theoretical terms consisted in and what function it performed, construing it more as an aspect
of meaning. A.C. Benjamin argues for instance that the meaning of terms in general is left
deliberately vague rather than partial. When a term is employed it is only loosely defined by
the case to which it has been applied in the past, but with ‘reference to the possibility of cases
slightly at variance with the past.’’® As Benjamin puts it ‘every symbol is defined with
reference not only to past cases but to future cases as well.” While this might seem like rather
odd expression, what kind of sense can we give to the idea of future cases, the point is that a
symbol as he calls it, is deliberately and methodologically taken to be indefinite and not
pinned down by the cases it has been so far applied to. If it were of course completely defined
by its past cases, it would have no possible future applications and thus be only an efficiency

15 "Testability and meaning”, Philosophy of Science (1936), 3; and (1937), 4.
1® A. Cornerlius Benjamin, “Science and Vagueness,” Philosophy of Science (1937),4, pp 422 -431; p425.
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of expression. It is this potential application that provides the fruitfulness of a term and in fact

explains our capability of relying on them for predictions.

Benjamin was challenging with this the positivist ‘theory of constructs’ or the attempt to
argue that theoretical terms can both be constructs (reducible to present applications) and
predictive at the same time. He doesn’t so clearly specify however what he thinks is the aspect
of entity concepts responsible for this future application. But whatever it is, it is something to
do with the meaning of the concepts. “...by ‘molecules’ we must mean something more than
[the observation sentences] ‘p and q and r and s’ since we do make genuine predictions from
this notion. Therefore the conjunctive sentence cannot exhaust the content of the notion
‘molecule’, and we are committed to an element of vagueness.”*’ It is manifested then in the
element of vagueness of the meaning of the term. What this might consist of in terms of the
structure of theoretical concepts, such as their properties and relations is not addressed.
Benjamin makes an association between meaning and use, and takes the future application of
terms to indicate nonetheless a surplus of meaning that is by nature of its inability to be

precisely expressed in terms of actual applications, to be vague.

Lewis White Beck also takes the openness of theoretical terms to be fundamental to them, in
terms of their ability to serve as a basis of prediction.'® To do this a concept must refer “at
least hypothetically’ to components which can be ‘symptomised by data not yet obtained, or
at least by data not actually used in establishing the symptom relations and definition of the
entity.” So an entity must be more than its positivistic definition. Unlike Benjamin, White
Beck has a more structural idea of the source of this future reference, and that is the
possession by theoretical terms of properties that are mere constructs or ‘accidental
properties’. These are properties not essential to the term, i.e. not part of its definition, but
features of the concept nonetheless which can be used to give new predictions. If all its
properties were essential then it would merely be a construct, and completely reducible to
observation statements. So White Beck chooses to argue that a theoretical term to be capable
of being used for predictions which are more than ‘tautologous consequences of definition’
must be more than this positivistic definition. He refers to this additional meaning as a
‘surplus of existential meaning’ because to use these additional properties over and above

those operational defined summaries there must be an assumption the term corresponds to

17 (s
Ibid, p429.
18 Lewis White Beck, ‘Constructions and Inferred Entities’, Philosophy of Science (January 1950), 17, pp. 74.
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something really existing. This | think is an important point as indeed a realist attitude is as
we will see later is necessary to the rationality of many of the uses made of theoretical terms.
For White Beck reality props up or justifies a use of properties of a term seemingly
unconnected with its observation statements but present in the concept nonetheless. He gives
the example of the postulation of molecules to explain Boyle’s and Charles’ laws. This does
not of itself require the imputation of mass to the molecules, only momentum, but of course
mass is nonetheless imputed to molecules by our introduction of the concept as a small
quantity of matter. But from the imputation of mass numerous predictions can be made,
including Graham’s law. In my terms then, these accidental properties which attend a concept
can prove to have significant epistemic value, and signal the role of a theoretical entity
concept beyond that of simply organizing and summarizing data.

Lewis White Beck and Benjamin encompass here two aspects of the use of entity concepts
that are | think extremely revealing. The first is the inherent openness of these concepts,
which enable their future application and ability to develop the concept. They each locate this
in different aspects of the meaning of the concepts, but both identify the fact that these
concepts are not pinned down to a collected set of observation statements, and this is a
methodological aspect of the use scientists make of these concepts which simply goes beyond
limiting them to sets of observation statements. In the second instance the assumption of an
entity brings with it conceptual value in the form of background assumptions about the entity
(properties and relations assumed of it because of what it is assumed to be), which can be
used in the application of the concept in new situations. These form an attempt by both
philosophers to show that uses of these concepts can’t be pinned down by a positivistic theory
of meaning. What is interesting to us is that these uses are epistemic which work by the very
failure of attempts to tie down these concepts to a specific theory of meaning i.e. these uses
implicitly envisage the application of the concept to develop theory and make predictions in

novel situations, that can’t be captured this way.

The decisive response to the Theoretician’s Dilemma is however awarded to Hempel, in his
paper of that name, ‘The Theoretician’s Dilemma’*®. Hempel poses that while it might be
possible through the agency of Craigian sentences to replace theoretical terms with an

observational theory alone with the same deductive systematization (i.e. gives the same

9 Hempel, C. G., "The Theoretician's Dilemma", in eds. H. Feigl, M. Scriven & G. Maxwell, Minnesota Studies
in the Philosophy of Science 2 (Minneapolis, University of Minnesota Press, 1958).
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deductive outcomes) it will fail to provide the inductive systematization that is also an aspect
of the use of theoretical terms. For example you might have a collection of observational
properties that are deducible from the concept of phosphorous; white, garlic-odor, soluble in
turpentine etc. Let’s say you discover a substance and find it to have some of these. Then of
course in certain circumstances you will infer that this substance is phosphorous. From this
assumption prediction about the properties of the substance can be made i.e. those not yet
tested for. This is an inductive use of a theory that is impossible with Craig’s Method since it

makes no empirical assertions. The sentences of a Craigian theory are simply logically true.

Hempel’s paper was seen to put an end to the project through Craig’s Method or Ramsey
sentences of eliminating theoretical terms, which would have in turn strongly questioned any
kind of realism about them.?’ Craig’s Method was objected to by pointing to the fact that
theoretical terms have more practical uses than it can account for. Hempel, like Carnap, also
identifies the methodological value of partial interpretation, which he calls a ‘heuristic aspect
of scientific theorizing.” When scientists introduce theoretical entity terms they intend them to
have an existence independent of their associated observation statements, but they do not
intend that the symptoms ascribed to an entity by virtue are to give an exhaustive
characterization of it. “The scientist does indeed wish to leave open the possibility of adding
to his theory further statements involving his theoretical terms — statements which may yield
new interpretative connections between theoretical and observational terms.”?! The value of
this is that the concept through its open-endedness can be fruitful in suggesting further lines of
research and may lead to additional connections with the data of experience. Hempel calls this
a heuristic value without exactly specifying what this heuristic aspect consists in, but one
would assume there must be more to the concept than just a set of known properties or else it
would be hard to identify what about an entity concept could be driving this heuristic

function.

? Craig’s theorem says that from a theory T which with a set of correspondence rules C implies a set of
observation statements, an interpreted theory T’ = (T.C). It can be shown that the set of deductive connections
among observation sentences given by T’ is the same as the set of all the theorems of T” expressible in terms of
observation sentences alone. They are functionally equivalent although the later is usually an infinite set.
Ramsey sentences replace theoretical terms by existentially quantified variables, so that all extra-logical
constants that occur in a Ramsay sentence are observational. As widely acknowledged by Hempel and others
Ramsey sentences don’t eliminate the reference to hypothetical entities, it can only be used to clarify the
meaning of a theoretical entity postulation.
2! Rudolf Carnap, "The Methodological Character of Theoretical Concepts” in eds. H. Feigl and M. Scriven,
Minnesota Studies in the Philosophy of Science 1 (Minneapolis, University of Minnesota Press, 1956), pp. 38—
76; p70.
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There a few conclusions to be reached from this episode in the history of philosophy. When
looking back at the response to the Theoretician’s Dilemma, and the project of strong
positivism (and instrumentalism) to eliminate theoretical terms, the outcome was more or less
transformed to a study of the functions of those terms, for which it was realized that the could
not be accounted for by deductive systematization or summarisation. In my terms it revealed
certain other epistemic functions of terms other than these conceptual ones, and placed more
emphasis on their use in actual scientific practice. These centered on the new application of
terms and their predictive or inductive functions. Importantly the ‘openness’ of theoretical
terms although framed within the language of ‘partial interpretation’ was centralized as a
methodological choice by scientists as to how they treated their terms. Clearly it was obvious
to these philosophers that scientists did not fix them to their observation statements but treated
them as open to the accumulation of more observation statements as part of the process of

research they were engaged in.

It is clear however that their analyses fall well short in a number of ways, and left some
questions tantalizingly open. In the first place | have noted already that there is something left
unexplored by Hempel’s and Benjamin’s reference to a ‘heuristic’ or vagueness with respect
to the way in which openness is manifested and used. I think more can be said about this, at
least in the case of theoretical entity terms or concepts, which pertains to aspects of their
structure and general use. Secondly all the authors above employ something like a positivist
or verificationist theory of meaning towards theoretical terms. No doubt this contributes to the
lack of comment on what the heuristic value of entities could consist in, because the meaning
of theoretical terms is only locatable in observation statements. It led to the concept of a
theoretical term as ‘partially interpreted’, and thus its openness as consisting in an
incompleteness of connections to the observable world. But it rules out that entities might

have meaning over and above correspondence relations.

Paradoxically perhaps, focusing attention on the uses of such concepts cemented the idea that
first an analysis of theoretical terms required a semantics of theoretical terms, and second that
the meaning of concepts should be less tied to their use in observational situations and more
tied to a more generic understand of what “use’ could be. That is an historical hypothesis at

least. Feigl’s and Achinstein’s chief response in the 50s and 60s to the Vienna Circle has a
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large measure of this.?? Feigl for instance argues that the use of such terms in scientific
practice fundamentally demands a referential element, particularly in so far as many
predictive and explanatory practices rely on making ‘existential’ judgments. In fact ‘the
customary and legitimate use of inductive probability presupposes ‘the realistic frame’.’*® By
this he meant that the reliance on concepts pertaining to unobservable in induction demanded
a semantics; the construction of an appropriate semantic metalanguage in which statements
assessing the probability of existential statements of the reality of the corresponding entities
could be formulated and thus could ground these inductive practices. Hence the ‘realistic
frame’ towards entity concepts required at the least their potential reference before they could
be used inductively. Such claims signal what | think is an important insight for us later on
how this intersections with realist attitudes, and the way these attitudes govern these use of

theoretical entity concepts.

Achinstein in his strong critique of various aspects of logical positivism makes the “use’ of
concepts primary to their interpretation, and talks of the ‘semantical aspect’ of their use by
which he means the properties used that are to a greater or lesser degree necessary to the
classification of an object as a particular kind or thing. As such Achinstein claims, theoretical
terms are introduced into science interpreted, and it is up to us to reconstruct through the use
made of a term, what that interpretation is. Importantly however when a scientist introduces a
term that purports to refer to something unobservable he or she will not interpret it simply by
relating it to what can be observed. Rather he or she will rely on concepts that he or she thinks
can be readily understood. This may extend and often does to citing or using properties that
themselves are unobservable. Meaning is not constrained by observability or verifiability.
Scientists rely rather on analogies, on metaphorical language, on background theory, on
ascribing observable properties to unobservable things; on a collection of techniques to make
their terms intelligible and their explanations viable. It is further hard to argue that scientists
treat unobservable examples of properties as any different from their observable kinds, for
example size or mass. In fact scientists rely on the link between on the basic lack of difference
between a property instance that is observable and one that is unobservable to both provide
intelligibility, and to transfer their uses. As molecules had properties that obeyed the laws of

classical mechanics, they could be fruitfully employed in predictions and theory-making

22 Herbert Feigl, ‘Existential hypotheses: realistic versus phenomenal interpretations’, Philosophy of Science
(January 1950) 17, pp. 35 — 62 and Peter Achinstein, Concepts of Science (Baltimore, John Hopkins Press,
1968).
% |bid, p57.
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endeavours. It was in fact basic to their explanatory power in many instances. As such at the
basis of their many epistemic values lies a degree of interpretation and meaningfulness of the
concepts to scientists themselves, and it is artificial as per logical positivism to divorce the

two.

In fact Achinstein himself is quite aware of something like the ‘epistemic function’ of a
concept. In discussing the theoretical-nontheoretical distinction for terms, he considers more
or less the question whether we can discriminate a theoretical from a non-theoretical term by
the epistemic function it has in a theory. He makes the point which is essentially mine, albeit
off-hand, that “to fully understand a scientific concept it may be important to consider the role
or roles it plays in a theory...”®* This extends for Achinstein to the role of a term in
formulating the principles of the theory, how it provides conciseness or simplification, how it

is used in proofs of theorems, and how it explains various phenomena.?

The logical positivist discussions and debates thus raised in the particular contexts of their
disputes the subject of the methodology of theoretical terms. This resulted in a limited but
novel exploration of the various epistemic roles such terms have had, and the claim that
aspects of the meaning or use of such terms is not necessarily pinned down by definitions or
observation statements and the like, but rather are ‘open’ in their description or meaning
which facilitates their application in different contexts and their own further description. The
discussion of these points was more or less confined by the whole question of
‘interpretability’ and the Theoreticians Dilemma, and didn’t extend except in Feigl’s case to
broader questions about the roles of theoretical terms. But the realizations of this debate are
nonetheless instructive and point towards deeper questions about the role of theoretical terms
at the heart of ongoing processes of research. In summary theoretical terms have epistemic
uses over and above deductive or systematization functions (and thus cannot be eliminated

from scientific practice), and the openness of concepts seems to be an aspect of that use.

2 peter Achinstein, Concepts of Science (Baltimore, John Hopkins Press, 1968), p186.

% Although he doesn’t develop this point, the idea of the ‘role in a theory’ or role in scientific practice is for him
important at least to make the philosophical point that it can’t be used as a criterion to distinguish theoretical
terms from non-theoretical ones, in the sense that the role of such terms may solely depend on principles of the
theory, since there are simply too many different ways of defining this dependence and no particular justification
for any particular one way. Achinstein is nevertheless not above the possibility that these features of a concept
might be relevant to its understanding or interpretability.
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1.2.2 Scientific Concepts, Conceptual Frameworks and Research Processes

In the last decade or so there has been an evolution in the thinking of various philosophers
about what scientific concepts are, and what is or has been their role in scientific thinking and
practice. This discussion is only recent, but is born of a dissatisfaction of the traditional
manner of dealing with scientific concepts, which is to treat them more or less as sharply-
bounded containers of meaning (properties, descriptions etc). We might call this the vessel-
like or ring-fenced description of concepts. It is born of a tradition which has firstly
emphasized descriptive theories of meaning for concepts and secondly treated concepts as
largely the outcomes, or products of, research processes. That is, concepts are the recordings
of scientific work and are reconstructed by philosophers to form coherent pictures about what
scientists believed or believe, in a particular instance. Much philosophical work could be
described in these terms. This ignores however the roles concepts play as the means by
research processes are developed. Concepts | believe have dynamic roles in research
processes, and not so easily extractable from research processes themselves. Certainly no full
picture can be had of scientific concepts by ignoring these roles, and simply providing

interpretations of them at particular points in time.

This understanding that concepts and conceptual frameworks have deeper roles in scientific
practice is not a new one but has a longish history. One of the traditions of thought that
replaced logical positivism is that of Hanson, Kuhn and others (although Carnap also had
thoughts along this line) that there is a theory-ladenness with which scientists understand the
natural world, frame questions about the natural world, and interpret observations. These
questions about theory-ladenness of observation are somewhat already passed, but one
conclusion of them is that the role theories play in science is not simply that of the end
product of a constructive process, but also a framework through which the world is conceived,
the significance of observations interpreted, problems formulated and adjudged for their

importance and so on...

Hanson, in his text ‘Patterns of Discovery’ gives what is still one of the most persuasive
formulations of this without falling into conceptual relativism.?® What | want to emphasise

here is his claim that theories are chosen to make observations or experimental results

% N.R. Hanson, Patterns of discovery: an inquiry into the conceptual foundations of science (Cambridge,
Cambridge University Press, 1958).
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intelligible, by fitting them, in his language, into an intelligible pattern of thought. The
mechanism through which such patterns are chosen is more or less abduction or best
explanation. Thus historically Kepler chose the ellipse to represent the motion of Mars
because of his realization that this mathematical object made most intelligible the data on
Mars’ orbit. As he exclaims, “A theory is not pieced together from observed phenomena; it is
rather what makes it possible to observe phenomena as being of a certain sort, as related to
other phenomena. Theories put phenomena into systems.”?’ Hanson’s essential point, in
objection to rather naive philosophies of science, is that theories are not simply inductively
read off the data, nor is science in search simply of deductive systems that reproduce the data.
In fact data itself is always in need of interpretation from the outset. Theories, as conceptual
frameworks, step in to provide a framework upon which to organize data and make it
intelligible, but also more basically to do science, i.e. provide a basis upon which to interpret

and to reason about observed facts.

The way in which a theoretical entity concept might participate in this is also noted by
Hanson. “The formation of the neutrino concept provides a paradigm example of how
observation and theory, physics and mathematics have been laced together in physical
explanation.”® The neutrino concept, postulated first in 1930 by Wolfgang Pauli, to preserve
conservation laws in beta decay, can be understood as just such an elucidating thought-
pattern. The neutrino concept made intelligible the otherwise baffling behaviour of the other
particles in beta-decay. In the process of postulating subatomic particles Hanson tells us that
there is a sense in which the concept being postulated acts as something of an open frame
upon which to impute properties to satisfy the different explanatory demands for which it was
postulated. Such a concept can be ‘finely tuned’ to fix the data in an intelligible conceptual
pattern through the adjustment and attribution of properties to the entity. As he puts it the
properties of particles are both ‘discovered’ and ‘determined’ by the physicist. For instance
“the physicist fashions the electron concept so as to make possible inferences both to its
particle and to its wave behaviour...” (123). As it goes, new properties may be worked into
the concept of a particle to satisfy explanatory demands. This suggests something of fluidity
and openness to the history of how particle concepts have been used, but also the fundamental

epistemic value of its explanatory roles to this use.

%" Ibid, p90.
% |bid, p48.
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As with the insights of logical positivism I think with Hanson there are germs of ideas that are
actually suggestive of something historically important and in need of far more elaboration.
The essence of Hanson’s theory is more or less that theories or conceptual frameworks are
starting points not simply the end points of grappling with the natural world; and that data is
only interpretable through a theory. Though he doesn’t explore this fully, being more focused
on the introduction and creation of theories, he is suggestive of the fact that a conceptual
framework provides the frame in which to approach new observations and develop a response
to them. But he also addresses himself to the importance of individual concepts, such as the
neutrino. Certain concepts play roles central roles in these frameworks and are the basis

around which they are organized.

Of course some of this overlaps with Thomas Kuhn’s conception of the function of
paradigms, which are the broad conceptual frameworks that govern disciplines and are also
constitutive of scientific activity. The paradigm is central. Kuhn’s, and later Laudan’s,
commitment to the idea that paradigms or conceptual frameworks create more or less
sequences of puzzles, as basic scientific activity. While too broad a claim in this respect,
explanation or understanding cannot be so easily jettisoned, it does signal the important role
of conceptual or theoretical frameworks for generating what count as important research
questions. These in turn sustain processes of research. What is interesting or problematic to
the research scientist is dependent on the conceptual framework he or she is relying upon.
And much of science is solving problems that emerge from the application of theories, but
recursively so, in the sense that established theoretical elements are relied upon at the same
time to generate solutions i.e. they act as both resources and constraints. Kuhn is more or less
driven by the theory-ladenness question with respect to the role of paradigms and his thesis
about scientific revolutions regards the paradigm as some kind of more or less rigid
constraint, but he is less concerned with its role as an actual tool with which it can guide its
own development. Kuhn’s paradigms are in fact too broad and encompassing for what we
require to understand the function of most concepts in science, and his concept of puzzle
solving as normal science too narrow, where the epistemic roles of concepts are more
multifarious and a research process often investigative, open to new phenomena and
discoveries as part of that process, rather than inwardly concerned with fixing up its own
problems. In fact it is part of this dissertation to argue that Kuhn’s account of science is too
restricted because it takes a too restrictive view of what concepts are and neglects the

epistemic roles of concepts in directing research processes ‘openly’ as it were. Kuhn sees
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discontinuity where there are in fact adaptive processes in operation that build processes for
change and development into research process through the flexible and open use of concepts,
through the shared epistemic roles of those concepts. This methodology allows scientists to
explore complex systems from a vantage point that doesn’t over-commit but acknowledges
the contingencies of practice. Where thus in many instances Kuhn sees rather static
frameworks, with scientists working to fix them up, we should see a more dynamic structure
that guides, or sets a basis for, their own development. For this reason to talk of meaning
shifts between theories, thus cutting up research processes into discrete elements, ignores in
some cases the methodology of the use of concepts which in fact directs those research
processes and frames those very shifts through these epistemic roles. This is at least the kind
of model of science | believe more accurately captures its dynamics.

Putting these rather brief considerations aside until a later point, we have from Hanson and
Kuhn some kind of appreciation of what I’m calling the ‘conceptual value’ and also
explanatory value of concepts in research processes. Others have more precisely explored
what roles concepts play and how they are used in practice. Thagard gives a list of what he
thinks are principal uses of scientific concepts.”® These include categorization, learning (an
aid to learning things about the entity or kind), memory (an aid to memorizing things about
the entity or kind), deductive inference, explanation, problem solving, generalization (learning
new facts about the entity or kind from new examples), analogical inference (use the entity or
kind to make similarity judgments about others), language comprehension and language
production. The last two express the role of concepts in using and interpreting language®. Of
these deductive inference, explanation, problem solving, generalization and analogical
inference are clearly epistemic functions as | have defined them, and the rest only indirectly
S0, in so far as they as necessary to taking advantage of such uses in the first place. To these
we would also add inductive inference, which proved very important in Hempel’s destruction

of the ‘theoretician’s dilemma,” and more generally prediction.

The point of Thagard’s is that a single concept is a complex structure which instantiates a
variety of uses. For instance if we consider the concept ‘whale’ we might extract the

following information.

% paul Thagard, Conceptual Revolutions (Princeton, Princeton University Press, 1992).
% |bid, p22.
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WHALE:
A kind of: cetacean, mammal, sea-creature.
Subkinds: humpback, blue, killer, sperm....

Parts: fins, blubber, bone, blowhole, tail

But also the concept should contain various rules for its use or application. Such as for
instance, “if x is a whale then x swims.” If as Thagard puts it we consider concepts as
‘computational structures’, then it makes sense to say that rules are part of concepts as well as
that concepts are part of rules. “The presence of rules shows how concepts can be used in
deduction, explanation and problem solving. It also shows how concepts can be intimately
tied in with theories, since some rules express causal relations.” The last can be elaborated by
saying the concepts have also conceptual functions. “Concepts as complex structures can
figure in generalization, analogy, and other forms of inference.”** These rules are rules for

applying a concept epistemically; i.e. in deduction, induction etc.

This | think is a good account of collection of values that compose the epistemic roles of
scientific concepts. These are properly to be seen as part of the concept, which is not just a
repository of factual information, but something broader. It is clear that Thagard’s approach to
concepts can be used a starting point, a basic structure, from which to approach the more
specific question of the uses of scientific concepts, but Thagard gives unfortunately no real
analysis of the role concepts play in research processes themselves still tending to treat

conceptual frameworks again as static instances and outputs.

There has been thus some understanding of the epistemic roles of concepts, and thus their
value as means to research and investigation. Let me be then here suggestive about what |
think a theory of concepts in scientific practice, particularly in the research context, needs to
take into account. This view, which will itself emerge from the following chapters, postulates
that scientific concepts in actual practice cannot be reduced to mere vessels of meaning. The
vessel conception, which is tied closely to the descriptive theory of meaning for concepts,
treats concepts fundamentally as outputs in research processes or end products that are
defined by the conceptual frameworks they find themselves in at a particular time or stage of
research. In other words their abstract function is descriptive; or to acts as elements of

representations of the world. However this is, | would assert, only one aspect of their function,

* Ibid, p30.
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and taking this approach to them philosophically neglects their substantial other roles in
scientific practice, which weighs against withdrawing them from ongoing research processes
in this way as arguably philosophers have generally done. As such even the seemingly well
acknowledged problem of incommensurability comes out looking like an artifact of a
particular philosophical abstraction on the notion of a concept which fails to comprehend their
very part enabling and structure the kinds of meaning and descriptive changes that are the
essence of ongoing research.

That strong claim | leave for later chapters. The point here is to suggest that the tradition of
picking out static instances of concepts and conceptual frameworks and analyzing them more
or less independently of their context of construction and development ignores a significant
aspect of their role, which helps account for the variation of those concepts without supposing
that this means these simply become disconnected from one another. Seeing this requires a
shift towards a more epistemic account of concepts that understands their intermediary role in
guiding and facilitating ongoing research processes. The fact is that it is historically only rare
that scientists have been in a position to claim a complete theory or the achievement of their
research goals. Rather theories or conceptual frameworks are created with full knowledge and
expectation that they are means to future research or to developing in a more sophisticated
way with the problems at hands. They have for instance investigative functions, framing or
revealing paths of research and problems that are guide this research onwards. As such, and
this will be a focus of my arguments with respect to theoretical entity concepts, | suggest that
scientific methodology anticipates its own development by building with conceptual
frameworks conditions and resources for its development. In this manner it anticipates
redescriptions and revisions as part of the necessary process of investigating complex and
uncertain systems. Hence we have some methodological basis for the openness and flexibility

of many concepts we witness in historical practice.

Aside from these claims however it is clear that there is a general consequence for how we
approach scientific concepts. If we wish to give an account of the mechanism and
methodology of historical research processes then we should account for how concepts have
been used epistemically as bases upon which to structure and organise them. Historically
research processes should not be extracted or separated from how we understand the concepts
involved in them. We cannot simply treat concepts as the products of these processes rather
than as part of attempts by scientists to frame their own approach to phenomena.
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1.2.3 Lessons from the Natural Kinds Debate

One benefit of this approach to concepts is that it provides potential grounds for
distinguishing concepts by their epistemic roles, when ontologically grouping these concepts,
by come kind-constituting description for instance, has proved problematic. My pursuit of
theoretical entity concepts in the later chapters can in fact be justified on this basis, grouping
this class by their common epistemic roles, and not just ontological ones. As such we have
grounds to generalize philosophically about this group. In this regard one type of concept
itself concerned with generalizations has become the subject of a more epistemically attuned
analysis, born of | would gather just such a frustration with ontological or metaphysical
attempts to define them. I’m talking here about ‘natural kind’ concepts. In a recent paper lan
Hacking pronounced the concept otiose having outlived its philosophical usefulness, and
having been exhausted by pointless philosophical attempts particularly in the 20™ century to
pin the concept down to a unitary metaphysics when in fact there is none nor should one be
expected given the collection of varying objects or groups the term is applied to like water or
electron or species.*> However if one looks closely at Hacking’s text its clear that what he
really objects to it is more or less this essentialism about natural kinds. “It is the idea of a
well-defined class of natural kinds that has self-destructed....” But I don’t think this
necessitates that the concept be abandoned, because it seems to me that the term ‘natural kind’
describes a particular attitude towards and use of particular concepts with which scientists feel

they can rely on for making universal (nor near universal) generalisations.

As such recently philosophers of biology in particular have started to question the lack of an
understanding of the epistemic values of natural kinds, at least before an ontological one is
pursued. Both Brigandt and Reydon for instance point to the failings of the debate which has
traditional put ontology first.*® Mostly this has concerned itself with some attempt at
essentialism. This tradition starts from the principle that there is some unique ‘nature’ to all
proper natural kinds that fixes the extension of the kind. Everything belongs to a natural kind
by virtue of its essence, and must possess this to be a member of a kind. On the Putnam story

scientists search for these essences and when they have found them shift the ‘name’ of the

%2 Ian Hacking, ‘Natural Kinds: Rosy Dawn, Scholastic Twilight’, Royal Institute of Philosophy Supplement
(2007) 82, pp. 203-239.

* Thomas Reydon, ‘Natural kinds as tools for philosophers of science’, EPSA 2007 (Conference Presentation,
Madrid)
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kind to that essence. The essence of water for instance is commonly taken as H,O. Anything
with that structure is thus of necessity water. But the problem with the restriction of kinds to
essences is that the stronger you make this requirement the more it tends to exclude almost
always concepts which would otherwise be regarded as fitting the idea of a natural kind — or a
naturally determined grouping. On this approach then philosophers have to make distinctions
between proper natural kinds and other kinds, usually favouring some kind of levels picture in
which the only kinds that can be called ‘natural’ are those associated with the fundamental
levels, physics and chemistry, where one can formulate sharp classification schemes that
don’t admit of exceptions. According to Churchland’s well known criteria, a kind is only
natural if it figures in “the most basic laws of an all embracing physics.”** On this basis there
could only ever be a small ‘aristocratic elite’ of kinds considered natural kinds, and as

Churchland concedes, probably none at all.

This is of course an extreme position. But even with more moderate essentialist positions on
natural kinds there can be genuine reference issues over how important or decisive
essentialism is to the scientific attitude towards natural kinds. We can question for instance
whether the kind term water in science is really necessarily pinned down to the structure H,O
or whether under certain circumstances scientists might be prepared to consider water, and its
associated observable properties, to be described by other structures. It was in fact discovered
that water contained not just H,O but also molecules with heavy hydrogen. Instead of
determining the later not to be water, LaPorte reports that scientists decided that there were
two types of water not one, heavy and light, on the basis of the almost identical observable
properties. *° LaPorte asserts that it is really a contextual decision on the part of scientists
what to do in these situations.* This problem of reference challenges at least the presumption
that scientists are always essentialist about kinds, a point that will be emphasized in following

chapters.

Indeed for me the main problem with trying to refine an essentialist approach, and by virtue
decide what counts as a kind and what doesn’t, is that it fails to identify or even consider that
there exists a scientific practice in respect of such concepts that groups them together

according to how they are used, not what they consist of. In fact what makes a kind ‘natural’

$¥Paul Churchland, “Conceptual Progress and Word/World Relations: In Search of the Essence of Natural
Kinds,” Canadian Journal of Philosophy, p16.
% Joseph LaPorte, Natural Kinds and Conceptual Change (New York, Cambridge University Press, 2004).
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so to speak I would hesitate needn’t be resolved on one ontological criterion alone, and in fact
to give a metaphysical criterion itself prejudges what science itself might decide are the
underlying conditions for natural kinds. As such it should be treated as an open question

capable of different answers in different scientific fields.

While this is a fairly novel claim, it is clear that natural kind theorists have been trying to
escape the metaphysical stranglehold of essentialism by pointing to more epistemic criteria
upon which to understand natural kinds. Boyd for instance asserts that the philosophical task
with respect to natural Kinds is to evaluate how they support our inferential and explanatory

decision-making, and the roles they play in this regard.

“It is a truism that the philosophical theory of natural kinds is about how the classificatory
schemes come to contribute to the epistemic reliability of inductive and explanatory

. 7
pract1ces.”3

At the same time for Boyd this is a question of practice that requires identifying how
scientists fashion natural kind concepts to both balance the need for exceptions especially in
the case of biological natural kinds and at the same time give them a concept they can
generalize over and explain with. His homeostatic property cluster conception aims at
showing how scientists do just this by treating natural kinds as property clusters, and not

something pinned down to an essential group.®

If we want to avoid imposing metaphysical presuppositions about how we think nature is
organized and thus what counts as natural kinds, and thus have useful a category of ‘natural
kind’ which spreads across a wide variety of different scientists and represents something
important about the connection between beliefs about the world and scientific methodology,
then it is a prerequisite to have an account of how potential natural kind terms contribute to

scientific practice, and on what basis they might be identifiable by their epistemic functions.

Consider for instance their explanatory functions. Natural kinds are conceived, the

classifications developed, because the concept can be used for explanatory purposes where the

¥ Richard Boyd, ‘Kinds, Complexity and Multiple Realizability’, Philosophical Studies 95(1-2) (1999), p 67-98.
% Richard Boyd, “How to be a Moral Realist”, in G. Sayre-McCord (Ed.), Essays on Moral Realism,
Ithaca:Cornell University Press 1988, pp. 181-228; Richard Boyd, “What Realism Implies and What it Does
Not”, Dialectica, 43, 1989, pp.5-29; Richard Boyd, “Realism, Anti-Foundationalism, and the Enthusiasm for
Natural Kinds”, Philosophical Studies, 61, 1991, pp. 127-148.
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features of some individual(s) needs explaining. Such explanations often take the form that
individual ‘a’ is a member of the kind A. The category of ‘virus’ can be used to explain the
action of some disease, and suggest the type of treatment that might work. To use one of
LaPorte’s examples, much is explained by an object being a polar bear. We can explain why
the creature in question swims, lives in cold climates, why its raises cubs. These types of
behavioural explanations are very characteristic of natural kinds. Natural kinds come with
properties that apply generally to their members and make them appropriate hence to explain

individual instances.

This link to explanatory function raises an important point that shows that we should take
seriously the distinction between an epistemic account of natural kinds and an ontological
one. Many kinds in science are functional kinds. They are defined by their physical function,
not by their structure or intrinsic properties. This is expressed by a particular causal role, in
the context of a particular system. These can include kinds like ‘predator’, or psychological
categories like ‘fear’. Generally they are multi-realisable: there is more than one structure that
could reproduce their causal role in the particular system at hand. Reydon points particularly
to modular reasoning in life sciences as a key example of the application of functional kinds
in science, where the behaviour of a system is explained by citing generalizations about the
functional kinds embedded in these systems.*® Like natural kinds, functional kinds can be
applied in new explanatory situations. Like natural kinds, functional kinds can be inductively
generalised over. What applies to one functional kind can be assumed to apply to all, or to
apply generally. By virtue predictions can be made. Further like natural kinds (and entities for
that matter) they can serve as explanans as well as explanandum. Sometimes it becomes
necessary to explain features of functional kinds, which involves opening what is otherwise a
black-boxed system. Reydon’s point is that for many purposes both functional kinds and
natural kinds appear to have the same kind of epistemic roles, and aren’t distinguishable by
scientists, not at least until some attempt is made to penetrate to the inner structural level, and
find out whether different structures are realizing the same causal function. Thus he suggests
as | do that we should group natural kinds first by this epistemic role and reserve any hope for
some homogenous or unique scientific ontology to investigation. But principally these
epistemic roles must tell us what natural kinds are before these metaphysical questions can be

investigated. In this regard | completely agree.

¥ Thomas Reydon, ‘Natural kinds as tools for philosophers of science’, EPSA 2007 (Conference Presentation,
Madrid)
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| think we can go further than this however, and ask why we should seek to answer this
ontological question at all rather than leave it to scientific research processes. | would agree
with Hacking in this respect that there seems little point in seeking after an ontological
account of ‘natural kinds’. They seem to me first and foremost elements of practice with
epistemic roles that seek not to set down generally first principles on how these groups should
cohere. At best we can have a plura