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Foreword

This work has a long history, so long that it well warrants being considered my
life’s work. In my book in the philosophy of physics in Italian, Temi e problemi di
filosofia della fisica, which was published in 1969, I presented a theory of scientific
objectivity which succeeded in attracting the attention of a number of scholars at
that time, including, for example, Marian Przelecky, Riszard Wéycicki and Marja
Kokoszynska in Poland and Carl Hempel in the United States. That book, how-
ever, was born under an unlucky star, its publisher becoming insolvent soon after
its publication. And, though the unsold copies were acquired by another publisher
and put on the market as a second edition in 1974, this new house discontinued its
philosophical collections after a short while. The result of all this was that the book
appeared hardly at all in bookstores, even in Italy, and for many years has only
been available in libraries or by direct order from the publisher via a rather
complicated procedure.

On the positive side, however, the Spanish translation of the book, which came
out in 1978, has had a broad circulation in Spain and Latin America thanks to the
solid marketing policy of the Spanish publisher. And over the years, I have had the
opportunity to present its central ideas at conferences and in lectures, and to
increase their circulation, particularly among philosophers of science. The pleasant
consequence of this was that I could note their wide acceptance and even see them
inspiring other scholars. Less pleasant, however, was the fact that I seldom
received credit for being the source of these ideas. This had nothing to do with a
lack of professional honesty, but simply with the fact that no other work of mine
existed (particularly none in English) to which reference could be made, except for
a few scattered papers.

The only way to correct this situation seemed to me to be to write a book in
English, which could enjoy the possibility of the broad readership offered by this
language, especially in the philosophy of science. I discarded the idea of a
translation of my original book because it contained several parts that were spe-
cifically relevant to physics while not being directly related to my original position
regarding scientific objectivity, and furthermore contained only partial elabora-
tions of more general issues that deserved greater attention. Therefore, I decided to
prepare a new book, in which the view of scientific objectivity already proposed in
Temi e problemi would be presented and further developed, along with much
broader references and a discussion connected to past and present authors whose
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work was relevant to the topic. The result is the present work, in which certain
parts of Temi e problemi have been omitted, while, at the same time, chapters and
sections have been included whose content was at most only hinted at in the earlier
book.

I was able to begin realising my project when I had the opportunity to present
and discuss my ideas in detail while teaching a seminar for graduate students at the
University of Pittsburgh in 1977 and working as a research fellow at the Center for
Philosophy of Science of that University. A similar opportunity presented itself in
1978, when I was visiting the University of Dusseldorf. It was there that I began to
work out the general structure of the book and organise my numerous notes.
The fulfilment of the project, however, would have required a year’s concentrated
effort, and the opportunity to exert such effort did not offer itself for a long while.
On the contrary, my academic activities and my numerous international respon-
sibilities increased between 1978 and 1993, leaving me only a couple of occasions
for uninterrupted work (twice in Oxford during summer vacations, one term in
Stanford in 1981 and one term again at the Center for Philosophy of Science in
Pittsburgh in 1992).

This does not mean that, during the intervals between these fortunate oppor-
tunities, this work remained in a state of hibernation; indeed it has constantly been
in the forefront of my mind, and several parts of it have been redacted, and even
published from time to time as self-contained papers, which have been incorpo-
rated with a few adaptations as sections of this book. Their listing in the references
of this work is, therefore, a documentation of its progressive construction over
many years.

The long history of the writing of this book explains how I have come to be
indebted to many people for inspiration and suggestions, though this may not
always be clear from its content. For example, the fundamental orientation of the
whole of my thought, due to my having been a disciple of Gustavo Bontadini, only
occasionally surfaces in my constant reference to and criticism of ‘epistemological
dualism’, and in my way of conceiving of the cognitive status of metaphysics (two
fundamental aspects of his teaching); and the same may be said regarding the
essential contribution made to the final shaping of my theory of objectivity by the
reflections of Vittorio Mathieu on this topic. During my stay in Pittsburgh in 1977,
I had the privilege of spending many hours in philosophical discussion with
Wilfrid Sellars, sharing with him many points of view; however, only our major
point of disagreement is what appears in the book, namely my not accepting his
opposing of the ‘manifest’ and the ‘scientific’ images of the world. In a similar
way, the conversations I had with Karl Popper are also reflected in this work
mainly through criticisms I express concerning several of his doctrines.

In spite of all this, let me mention at least a few philosophers with whom I had
especially fruitful exchanges of views: Larry Laudan and Nicholas Rescher during
my first stay at Pittsburgh, again Rescher and Peter Machamer during my second
stay, Patrick Suppes, Edward Zalta and John Etchemendy during my stay at
Stanford, Alwin Diemer and Wolfram Hogrebe during my stay in Diisseldorf,
and Kurt Hiibner and Hans-Georg Gadamer on several scattered occasions.



Foreword ix

More substantial have been the suggestions I received from those who have
accepted to read and discuss parts of this work during its elaboration. Jonathan
Cohen, under whose supervision I had spent a year as a research postgraduate in
Oxford in 1960, read my developing work on the occasion of several stays I spent
at Oxford much later. Also Rescher had the kindness of doing the same in
Pittsburgh in 1992. T also received valuable comments from Marco Buzzoni, a
former student of mine who (having become a respected colleague in the mean-
while) has helped me in a thorough revision of a first draft of this work. I have
received equally valuable comments and suggestions from Mario Alai regarding
certain central parts of this book. The scholar who has most directly assisted me in
the redaction of the book, however, is Craig Dilworth, whom I first met in 1977 on
the occasion of a lecture I gave in Uppsala, where he was working on his doctoral
dissertation (later published as the book Scientific Progress in 1981). We dis-
covered a fundamental affinity between the ‘perspectivist’ view of scientific
theories he was advocating and my own theory of scientific objectivity that was
also perspectivist, and began a collaboration that has lasted right up to the present.
His critical appraisal of my writings, including the present work, has been precious
to me, as will be clear from my several references to his work, references that do
not imply either a direct influence of his views on mine, nor the reverse, but rather
a fruitful convergence of often different paths. The frequent references to his work,
however, are also intended to compensate for the little attention that mainstream
philosophers of science have paid to his very valuable production.

A few words now regarding certain features of this work. Its general spirit is in
keeping with the analytic approach that has characterized philosophy of science
during the twentieth century, and this is a natural consequence of the fact that my
training in philosophy of science has been based on a detailed study of this
tradition, from logical empiricism to the subsequent developments within the
Anglo-American world. From the beginning, however, I did not share certain
elements of this tradition, that is, its radical empiricism, syntacticism, linguistic
exclusivism and lack of historical sensitivity. It is true that such features have been
gradually overcome during the evolution of the said tradition, but the fact of
having been free from them from the beginning has offered to my perspective, 1
believe, the advantage of anticipating several of such developments, and also of
avoiding certain excessive reactions they contained. For example, the awareness of
the limitations implied in the purely linguistic view of scientific theories has often
led people to discard completely the so-called ‘statement view’ of theories and the
nomological-deductive model of scientific explanation. According to my view,
theories are not just systems of statements, but they are also this, because they are
linguistic explications of the content of a particular Gestalt proposed for the
understanding and explanation of a given domain of objects. Therefore, the sen-
tential view and the nomological-deductive model can be preserved as a partial
characterization of scientific theories, whose more adequate characterization needs
the introduction of hermeneutic tools. Similarly, the appreciation of the depen-
dence of the meaning of a concept on its linguistic context has come as a devel-
opment of the linguistic approach to theories, and has prompted the ideas of
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meaning variance, incommensurability, incomparability, and so on. I had arrived
at a similar conclusion, instead, as a consequence of my studies on formal systems
and axiomatic method, in which I had stressed a genuine semantic function of the
axiomatic method (in addition to its commonly recognized syntactic function); this
means that the axiomatic context contributes to the shaping of the sense of the
concepts occurring in a theory (therefore, meaning variance is a real fact). How-
ever, not having remained prisoner of the ‘linguistic turn,” I always maintained
that sense cannot produce or ensure reference, for which an extralinguistic source
must be provided, and this source consists in operations that are not reducible to
the observations that radical empiricism requires, since they are essentially related
to praxis and can be connected to sense thanks to its infensional nature. This
position, in turn, has led me to vindicate a fundamental role for fruth in science
(something that had been almost banned from philosophy of science) and to study
how truth can be attained, either by direct reference, or by argument, and this
offers a foundation for admitting also the truth of non-observationally testable
statements. Finally, the referential commitment of truth justifies a (carefully and
duly specified) realist view of science. In my perspective, scientific objectivity is
not context-dependent in a purely linguistic sense, but in a historical sense (of
which the linguistic dependence is only a very particular aspect). The exploration
of such a historical contextualization (that does not amount to relativism) opens
the way to a due appreciation of all the right points stressed by the sociological
interpretation of science, without falling into its excessive conclusions, and at the
same time it justifies the consideration of those problems (for example, problems
of an ethical and metaphysical nature) that cannot be treated in a consideration of
science as a closed system of concepts and procedures. This approach has also
provided a more comprehensive framework for the treatment of the relations
between theories and models, and the strongly ‘structuralist’ conception of models,
already explicitly presented in my book of 1969.

Owing to all this, several important works that were published during the long
elaboration of my book did not appear all that new and original to me, since their
basic views had already been anticipated in certain sections of this work or,
sometimes, even published in papers of mine. Nevertheless, I am indebted to them
for having pushed me to better formulations, or for further deepening certain views
that I had conceived of independently. By the way, it was because of the publi-
cation of such works that I have been obliged to resume and revise from time to
time my work in order to keep it up to date with the pertinent literature, a fact that
has obviously slowed down its redaction. Yet this should not be understood as a
pretension of ‘completeness’ and, in particular, it does not mean that I underes-
timate the importance of authors whom I do not mention. I do not ‘ignore’ them,
but I simply had some particular reason for not mentioning them in the book.
(In particular, in spite of having lectured for 19 years in French and German at the
University of Fribourg, and of being well acquainted with twentieth century
French and German philosophy of science, I preferred not to mention the relevant
French and German authors, rather than make a few occasional references in
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footnotes to works hardly accessible to the English-speaking readers to whom this
work is particularly addressed.)

I want to conclude by mentioning the favourable conditions that have signifi-
cantly helped the realisation of this work. Regarding the stimulating intellectual
atmosphere and the availability of research facilities, I must stress the importance
of my repeated stays in Oxford and the great opportunities offered me by my two
stays at the Center for the Philosophy of Science of the University of Pittsburgh
(where the concrete redaction of the greatest part of this book was completed).
In order to terminate my work, however, I needed a long period of time to devote
almost exclusively to this enterprise, and this has been granted me by a research
appointment of the Accademia Nazionale dei Lincei. It is thanks to this that this
longstanding life’s work of mine could be ‘practically’ concluded. By saying
‘practically’, however, I mention an innate hypercritical attitude of mine that has
imposed on me the obligation of a ‘final global revision’, via which repetitions and
redundancies would be eliminated; but the leisure required for this revision has
hardly occurred, so I finally decided to close this enterprise after a ‘normal’ careful
control. Owing to such a long elaboration I must say that this book is like Theseus’
ship that, after many repairs and replacements of its parts, was no longer the
original one (and I gladly admit that several ‘layers’ can be found in the book’s
structure which are, however, systematically connected), but at the same time I am
satisfied that it did not result, after all, in a Penelope’s web.
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Chapter 1
Historical and Philosophical Background

1.1 Objectivity as a Replacement for Truth
in Modern Science

The attitude towards science today is rather prudent compared to how it has been in
the past, or, as some might say, it is not as naive as it was, for it no longer considers
science the proper guardian of the truth concerning nature or, more generally,
concerning the different fields into which the domain of scientific investigation has
expanded. We shall examine some of the reasons explaining the older attitude. In
place of this once widely accepted point of view, one now finds another no less
deeply-rooted perspective—among professional scientists as well as various cul-
tivated people—namely, the belief that the assertions of science, though not
deserving simply to be called frue, must nevertheless be considered objective."
This kind of contraposition between truth and objectivity is not easy to under-
stand, and we shall be specifically concerned with it later in this book; but for the
moment let us stress the fact that such a reconceptualisation of scientific knowledge
neither corresponds to nor implies a devaluation of science itself. Quite the con-
trary, we can easily show that science has practically become the very paradigm of
rigorous knowledge, or that, at least in the opinion of many scholars, the only
knowledge deserving of the name is scientific knowledge, when knowledge is
considered as something distinct from, for example, emotional, artistic, religious
and other such attitudes towards reality. In this way, while at the beginning of the

' Of course, certain philosophers of science deny that science deserves the qualification of
providing objective knowledge, and even claim that the concepts of scientific method and
scientific rigour are fictitious. According to them, science is simply a social practice, with no
special features making it superior to or even clearly distinct from other social practices. We shall
explore some of these claims later in this book, and show how they are unjustified and
misleading. However we shall not begin this discussion here, for two reasons: first, because we
would like to investigate the much sounder and much more widely accepted view (especially
among scientists) that science actually provides objective knowledge. Second, because the critical
evaluation of the opposite thesis will be more precise after the clarification of what we can really
mean by scientific objectivity. After this clarification it will be possible to accept certain claims of
the socially-oriented position, without giving up the requirement of scientific objectivity.
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2 1 Historical and Philosophical Background

twentieth century only such areas of research as mathematics, physics, chemistry,
biology and, perhaps, psychology, were considered to constitute sciences, we now
speak rather unproblematically of the sciences of economics, political science,
philology, history, and so on. In other words, every field of research is today
admitted as a possible branch of scientific knowledge, provided that it is pursued in
accordance with certain standards of rigour; and this implies that science is no
longer characterised by what it investigates, but by how it investigates.

This transition from an emphasis on content to an emphasis on method has
surely complicated the problem of obtaining a correct understanding of scientific
objectivity, for this neglect of the subject-matter of science has gradually induced
many scholars to maintain that science is not properly concerned with objects, but
that it is simply objective in the sense that it remains faithful to certain formal or
methodological requirements. We are going to discuss whether this way of
understanding objectivity is sound, but for the moment we simply take this as a
factual portrayal of how scientific objectivity is often understood. But, once this
step is taken, the conflict between objectivity and truth must soon emerge, for there
is no room for truth proper if no reference to something which is in some way
external to or distinct from the discourse is envisaged.

To be more precise, we note that two distinct features have been indicated above
as characterising the present-day conception of science: objectivity and rigour, and
it is by no means evident that these two requirements are synonymous, or that
objectivity ‘reduces’ to rigour. Indeed, the traditional conception (going back to
Plato and Aristotle, and continuing in the West until the Renaissance) characterised
science through two distinct features: fruth and rigour. The idea of science as
providing knowledge of a kind that deserves the highest qualification emerged
gradually in ancient Greek philosophy by requiring that this knowledge not only be
knowledge of what is the case, but also of the reason or reasons for its being the
case. This ‘giving of the reason’ (logon didonai) soon led to the traditional ideal of
science as a demonstrative discourse—as a discourse where logically cogent proofs
are provided of what is claimed—and we can correctly see in this requirement a
first qualification of the notion of the rigour which must accompany truth in science
(leaving aside, for the moment, what these reasons should be). This is why purely
empirical or descriptive knowledge (even if true) was not qualified as science, but
as history in a very broad sense (in which the concept of ‘natural history’ could
easily be accommodated). Given this fact, we see that the requirement of rigour has
constantly characterised the idea of science during the history of Western civili-
sation, and has expanded from the original proposal of logically proving the truth of
certain assertions (starting from more basic truths which could provide reasons for
them), to the proposal of reliably ascertaining the said truth. In this sense the
development of the ‘empirical’ methods in the natural sciences, no less than in the
fields of philological, historical, sociological, and psychological research, belongs
to this enlargement of the concept of rigour (and of science). However, the
refinements in the pursuit of mathematical rigour—which have been characteristic
of the history of mathematics in the last two centuries—equally express the
development of the requirement of rigour that has constantly marked science.
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As a consequence, we must recognise that, while science is now characterised
as providing knowledge endowed with both objectivity and rigour, it is only the
first aspect, i.e. objectivity, that constitutes a radical novelty vis-a-vis the past. But,
at least partly because of decreasing confidence in the requirement of truth, the
new notion of objectivity has tended to become identical with that of rigour. This
tendency has been particularly strong in the field of mathematics through the
dominance of the formalistic outlook, and it has not gained a comparable strength
in the field of the empirical sciences. In the present book we shall concentrate
almost entirely on the problem of scientific objectivity: not because we underes-
timate the central role of rigour in science, nor because we are unaware that rigour
and objectivity are so strictly interwoven that it would be impossible to separate
them, but simply because certain problems which do not coincide with the ques-
tion of rigour are related to the notion of objectivity. We could try to sketch this
distinction by saying that scientific rigour still corresponds to the fulfilment of the
requirement of ‘giving the reasons’ for whatever one claims in science (i.e., it
consists in spelling out how and why one came to a particular claim), while
objectivity corresponds rather to the clarification of what one is claiming—the
meaning and content of one’s claim. From what we have said it also becomes clear
why, when speaking of science generally, we shall mean empirical science;
objectivity in mathematics (as something distinct from pure rigour) would require
a much more elaborate discussion.’

In conformity with the explanations just outlined, we shall try to understand
what kind of change has occurred in our way of conceiving of what science says,
can know, and is about; and to do this we require a brief historical analysis.

One must first recognise that modern science, as it emerged from the ‘Galilean
revolution,” had certain anti-essentialist and anti-substantialist features that dis-
tinguished it sharply from the philosophical attitude current at that time. Galileo’s
proposal, not to be concerned with the ‘essence’ of physical realities (“natural
substances,” as he says), but simply with certain of the ‘affections’ that they show,
and not to worry about the ultimate causes of empirical phenomena, but only about
discovering a simple mathematical description of them, not only suggested an
attitude of intellectual modesty, but also precisely indicated a particular method-
ology, which was followed by Newton (at least in the Principia) and by the
creators of the ‘new science’ of mechanics (as Galileo called it).3

2 1 have sketched these discussions elsewhere, e.g. in Agazzi (1961), (1966), (1978c), (1978d),
(1994) and (1997), maintaining that a purely formalistic approach does not capture the nature of
the formal sciences, in which certain ‘contents’ are also present. More recently I have collected
the most significant of my papers on this and related topics in Agazzi (2012).

3 To be more precise, Boyle, Hooke and almost all of the new experimentalists theorised about
the causes underlying the phenomena they uncovered, but without concern for the ‘ultimate’
causes. This can be understood by becoming aware that the search for causes is the core of any
explanation, and even Galileo (as we shall see later) did not dispense with this basic condition of
knowledge. The question, then, reduces to ‘what kind of causes’ one is ready to admit, and here
the meaning of ‘ultimate’ causes may receive a certain precision. For example, J. S. Mill (who on
this point is in fundamental agreement with the tradition of British empiricism) says: “I make no



4 1 Historical and Philosophical Background

The science which actually developed proved so powerful in predicting and
explaining facts in so many branches of natural investigation (from those concerning
the most common events of everyday experience up to the cosmological perspectives
of celestial mechanics) that—after less than a hundred years of such impressive
achievements—people became inclined to believe, towards the end of the eighteenth
century, that this science had provided mankind with the only authentic instrument
for investigating the true structure of physical reality, thus attaining the goal which
the ‘traditional’ philosophy of nature had unsuccessfully striven after for centuries.
As a consequence, a kind of metaphysics of science was born, which found its
clearest expression in what is frequently called the mechanistic worldview of the
nineteenth century.* Mechanics was held not only to be the fundamental branch of
physics, but also the interpretation key to every natural phenomenon, since its
principles had received the widest application and were expected to have an
unlimited application. Thus the attempt was begun to reduce all the traditional parts
of physics, such as acoustics, optics, and the theory of heat, to mechanics, that is, to
investigate these fields assuming as fundamental concepts only those of the motion of
material particles, or that of a material ether, under the influence of certain forces.
The same effort was made when electrodynamics was created, by designing various
complicated ‘mechanical models’ for the ‘electromagnetic ether.” This part of his-
tory is so well known that we feel we can dispense with giving details.” We have

(Footnote 3 continued)

research into the ultimate or ontological causes of anything... The only notion of cause which the
theory of induction requires, is such a notion as can be gained from experience.” (Mill 1881,
p- 326). Mill’s assertion mirrors his positivistic general attitude that implied the refusal of any
ontology and reduced causality to mere uniformity (a reduction, however, that implicitly pre-
supposes the ‘ontological’ assumption of the principle of uniformity of nature). In the case of
Galileo and other scientists of the seventeenth century, the causes were endowed with an onto-
logical status, but, as we shall see, a status that was ‘delimited’ by those ‘mechanical affections’
that they thought to be the only ones relevant to natural science.

4 A mechanistic philosophy of nature was influential and widespread already in the seventeenth
century. However, this philosophy constituted a metaphysical view which was not generated or
suggested by modern physical science, but which rather (at least to a certain extent) promoted its
birth. Moreover, it could even be excessive to call it a metaphysics in a proper sense, since many
of the scientists that adopted it did not pretend that the mechanistic approach was adequate for
interpreting the whole of the natural phenomena. Indeed, Boyle and Newton, for example,
explicitly affirmed that the phenomena of life overstepped the framework of mechanical
explanation, and also within the domain of inanimate nature, electricity and magnetism were not
expected to be necessarily encompassed in that framework. The mechanistic worldview of the
nineteenth century, on the other hand, was a genuine metaphysical view that resulted from the
widespread success of the science of mechanics in gradually absorbing different branches of
physics, which produced the conviction that the whole of natural phenomena could be explained
mechanically. For more details on this point, see Agazzi (1969), pp. 23-26.

5 Simply as examples, let us quote a few very significant statements of some leading scientists of
that time.

In his famous paper ‘On the Conservation of Force,” Helmholtz says:

The task of the physical sciences may therefore be determined, ultimately, as that of
reconducting natural phenomena to immutable forces, attractive or repulsive, whose



1.1 Objectivity as a Replacement for Truth in Modern Science 5

briefly recalled these facts in order to stress that, during the nineteenth century,
science was regarded as an inquiry that was completely committed ontologically,
and as the guardian of eternal fruth concerning physical reality.

It is well known that this basic conception of reality experienced a radical crisis
in the last decades of the nineteenth, and in the first years of the twentieth century,
as a consequence of difficulties which first appeared in electrodynamics and ther-
modynamics, and then reappeared as a consequence of the growth of relativity and
quantum theory. This crisis was very shocking for many scientists, and eventually
led most of them to a profound change in their attitude towards scientific knowledge
as such. For, not only had the categories of every physical world-picture (such as
those of space and time) been altered, but practically every concept of the old,
mechanistic physics underwent a radical revision. These changes had two main
consequences. First, these mechanistic concepts seemed not to be as ontologically
faithful and reliable as the older scientists had believed them to be; and second,
extremely serious difficulties arose regarding the possibility of constructing an
intelligible picture of the microworld. Physicists thus soon became accustomed to

(Footnote 5 continued)
intensity depends on distance. The possibility that this task be fulfilled constitutes at the same
time the condition of the full intelligibility of nature (Helmholtz 1847, p. 16).

Maxwell, at the end of his Treatise on Electricity and Magnetism, in spite of having given as the
most significant result of his research the famous equations of the electromagnetic field, which do
not presuppose anything about the specific ‘substance’ of this field itself, feels almost obliged to
propose as a programme for future research the exact determination of the structure of this field in
the form of a mechanical medium:

It is true that at one time those who speculated as to the causes of physical phenomena
were in the habit of accounting for each kind of action at a distance by means of a special
ethereal fluid, whose function and property it was to produce this action. They filled all
space three and four times over with ethers of different kinds, the properties of which were
invented merely to ‘save the appearances’... In fact, whenever energy is transmitted from
one body to another in time, there must be a medium or substance in which the energy
exists after it leaves one body and before it reaches the other... Hence all these theories
lead to the conception of a medium in which the propagation takes place, and if we admit
this medium as a hypothesis, I think it ought to occupy a prominent place in our inves-
tigations, and that we ought to endeavour to construct a mental representation of all the
details of its action, and this has been my constant aim in this treatise (Maxwell 1881, II,
pp. 865-866).

As regards our final example, Lord Kelvin, it is well known that the inability to realise a
mechanical model of the electromagnetic field led him even to refuse his consent to the
Maxwellian electromagnetic theory of light:

I never satisfy myself until I can make a mechanical model of a thing. If I can make a
mechanical model I can understand it. As long as I cannot make a mechanical model all
the way through I cannot understand and that is why I cannot get the electromagnetic
theory... I want to understand light as well as I can, without introducing things that we
understand even less of (Thomson 1884, pp. 270-271).
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the idea that it was not their task to formulate an intuitive ontological representation
or picture of their domain of research; and this led to a mistrust of the conception of
physics as a description of the real world, for there was apparently no room for
speaking of a conformity between the inner structure of the microworld and the
scientific picture of it, since such a picture could not even be proposed.

As a consequence, first physics, then other sciences following its example,
became ontologically uncommitted, more or less in the sense of Kant’s denial of
the possibility of knowing the noumenon, the “thing-in-itself”; and a certain
variety of epistemological positions replaced the old trust in the ability of science
to provide knowledge of reality, in the sense that this ability was rather unpro-
blematically admitted for the empirical part of this knowledge but not for its
theoretical part. In order to present these issues with full clarity we should analyse
the distinction between scientific empiricism and scientific realism, as well as
other related questions, but we do not feel obliged to do this at this point, since we
are going to debate these questions in the sequel of this work. Therefore we shall
be content with a few general remarks.

Some scholars (whom we can indicate as defenders of a form of empiricism/
positivism) showed a purely pragmatist or ‘instrumentalist’ attitude; that is, they
considered science to be charged with the much more modest aim of providing
people with useful instructions about how to behave successfully in their relations
with nature, how to make reliable predictions about some interesting facts, how to
organise the different pieces of information that we are able to obtain from
experience, from empirical evidence, and so on.

Others wanted to remain faithful to the idea that science is a ‘cognitive’
enterprise; but they inclined towards a phenomenalistic epistemology. They did
not pretend that science must have to do with reality, but accepted rather that it
could limit its concerns to a specific world of phenomena. Phenomena are here to
be understood as constituting a realm of intellectual constructions which are linked
to experience by particular internal and external conditions, conditions which also
keep them from becoming speculative. This line of thought, aside from including
patent elements of Kant’s philosophy, also had some important predecessors
among nineteenth-century scientists (such as Helmholtz and Hertz), but it received
new force from the state of affairs that quantum mechanics brought about.’

© The most developed and best known doctrine along these lines is probably that of Ernst Mach,
who at an earlier stage in his thinking had been a supporter of the mechanistic worldview (e.g.
when he wrote his Treatise of Physics for Physicians, 1863), only later to become one of the most
influential critics of this outlook and generally of every ‘metaphysical’ commitment of science.

7 As a very interesting example of this position we may mention that of Max Planck. See in
particular his essay of 1930, “Positivismus und reale Aussenwelt” (in Planck 1933, pp. 208-232).
Here he sharply distinguishes the inaccessible ‘real world’ from the ‘world of sense perceptions,’
and sees the task of science as that of constructing a physical world-picture which should depict
an objective relationship between these two worlds. These conceptions are expressed in a less
detailed way at the beginning of a more accessible paper: “The Scientist’s Picture of the Physical
Universe,” which is available in English in Planck (1932).
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One of the most characteristic points of quantum mechanics is, of course, that it
is not possible to conceive of an object which could remain unaffected by the very
process of observing it, or by the measurement procedures which are applied to it.
It has become usual in the literature to say that in microphysics there is definitely
no possibility of separating the ‘subject’ from the ‘object’ so as to be able to
attribute particular separate measured quantities to each of them at the same time.
This situation was frequently described by saying that we never have to do with
nature, but always with the interrelationship between nature and man. In such a
perspective, it was very tempting to identify this new structure, this indiscernible
unity of subject and object, as the ‘phenomenon’ that the new science had to
handle as its proper subject-matter.”

Clearly, in both of the positions sketched above, science no longer seems to be
concerned with describing reality (for, according to the one view, it has not a
descriptive, but a pragmatic aim, while according to the other it retains its
descriptive intention, but is unable to reach reality proper). Even less does it seem
to have the task of explaining phenomena in terms of an underlying reality (which
is a central point in the empiricist/realist controversy). As a consequence science
could no longer be conceived as a form of true knowledge (at least in the familiar
sense of “true” according to which it consists in matching reality).

On the other hand, the fact that science had given up the task of obtaining truth
about reality did not imply that it provided an arbitrary form of knowledge. Even
some conventionalist perspectives that were proposed in the context of the prag-
matist or instrumentalist viewpoint (Mach, Duhem, Poincaré) did not attribute
arbitrariness to science.” The result was an effort to preserve the non-arbitrary and

8 To limit ourselves once again to but a single author, we could mention Werner Heisenberg,
who expressed a view of this kind in several of his philosophically oriented writings. Consider his
saying, for example: “As a final consequence, the natural laws formulated mathematically in
quantum theory no longer deal with the elementary particles themselves but with our knowledge
of them” (Heisenberg 1958a, p. 15).

° Historical accuracy would certainly require making distinctions among these positions. For
example, in the case of Duhem, conventionalism is simply a methodological scheme for
analysing the structure of scientific theories, and does not exclude a pretension to scientific truth
(“the image of an order and organisation of reality,” as he says), as is also clear from his
polemics against the British physics of model construction and from his ‘realist’ interpretation of
even the theoretical concepts of science. For him the conciliation of these two aspects is possible
by considering the historical development of science. Poincaré, as is well known, not only
strongly criticised the extreme conventionalism of Le Roy—especially in the last chapter of The
Value of Science (Poincaré 1904)—but also moderated his own conventionalism by claiming that
the practical success of scientific knowledge in applications and predictions is a witness of its
coping—at least to some extent—with ‘reality.” However, this claim does not make Poincaré an
instrumentalist, since he explicitly admits the existence of scientific truth (not reducible to the
said practical success) in a sense which is rather close to the already quoted position of Planck, as
may be seen, for example, from this passage from Science and Hypothesis:

And one could not say that in such a way we are reducing physical theories to the simple
role of practical recipes. These equations express relations and, if the equations remain
true, it is because these relations retain their reality. The equations teach us, after
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rigorous character of scientific knowledge by founding it on the basis of certain
structural criteria, some of them being of a pragmatic, some being of a cognitive
character, according to the different outlooks. All this gave rise to the conception
of science with which we started our considerations: science provides objective
knowledge which is nevertheless not frue knowledge since it does not concern
reality. This lack of ontological commitment appeared as the main identifying
mark of the new characterisation of science.

At this point it is useful to explain what we mean by knowledge in this book.
The notion of knowledge is linguistically expressed in different ways according to
different languages. In English a unique term is available (“knowledge,” with the
related verb “to know”) and this fact has led to the necessity of distinguishing
knowledge by acquaintance from propositional knowledge, that is, ‘knowing p’
from ‘knowing that p’: e.g., “I know this red pencil” (by acquaintance) from “I
know that this is a red pencil” (propositional knowledge). This distinction does not
occur in other languages where there are two distinct terms for these two kinds of
knowledge. Knowledge by acquaintance and its related verb are rendered, for
instance, by: conoscenza-conoscere (Italian), connaissance-connaitre (French),
conocimiento-conocer (Spanish), Erkenntnis-kennen (German). In such languages
propositional knowledge is denoted by a term that serves at the same time as a
substantive and as a verb, for instance by: sapere (Italian), savoir (French), saber
(Spanish), Wissen (German). Therefore, on the one hand, one does not say, for

(Footnote 9 continued)

(the change of interpretation) as before, that a certain relation exists between something and
something else; only, this something which we called motion before, is now called electric
current. But these denominations were nothing but images put at the place of real objects that
nature will eternally hide from us. The true relations between these real objects are the only
reality which we can attain, and the only condition is that there exist between these objects the
same relations existing between the images which we are obliged to put in place of them. If
these relations are known to us, what does it matter if we consider it useful to replace one
image with another? (Poincaré 1902, p. 190).

In concluding these remarks let us only note that Poincaré’s speaking in this way is remi-
niscent of Henrich Hertz’ way of expressing himself in the Introduction to his Principles of
Mechanics:

We form for ourselves images or symbols of external objects; and the form which we give
them is such that the necessary consequents of the images in thought are always the
images of the necessary consequents in nature of the things pictured. In order that this
requirement may be satisfied, there must be a certain conformity between nature and our
thought. Experience teaches us that the requirement can be satisfied, and hence that such a
conformity does in fact exist.... The images which we here speak of are our conceptions of
things. With the things themselves they are in conformity in one important respect,
namely, in satisfying the above-mentioned requirement. For our purpose it is not necessary
that they should be in conformity with the things in any other respect whatever. As a
matter of fact, we do not know, nor have any means of knowing, whether our conceptions
of things are in conformity with them in any other than this one fundamental respect
(Hertz 1894, pp. 1-2).
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example, “je connais que Paris est la capitale de la France”, but “je sais que
Paris...,” and, on the other hand, one does not say, for example, “je sais New
York” but “je connais New York.”

At least in the Latin languages, however, another distinction must be introduced
in the meaning of “sapere,” “savoir,” “saber,” and so on, since these verbs are
also used to indicate what could be called performative knowledge indicating a
certain competence or ability; when it is said, for example, “egli sa parlare ing-
lese,” “il sait parler anglais,” “el sabe hablar inglés,” the meaning of these
sentences is rendered in English by “he can speak English” (likewise in German.
“er kann Englisch sprechen.”

The preceding are not just philological digressions since the distinction between
the two kinds of knowledge (by acquaintance, and propositional) is really relevant
to several issues and, in particular, regards the fact that knowledge by acquain-
tance is intrinsically private while propositional knowledge can be communicated
and become ‘intersubjective.” This is a capital point in the treatment of scientific
knowledge which is obviously public. Therefore, when we speak of knowledge in
the present work we intend it to be propositional knowledge (unless we explicitly
indicate that we are referring to knowledge by acquaintance).

Now a question arises: has knowledge something to do with truth? A satis-
factory answer to this question needs a clarification of the notion of truth that will
be offered later in this book. However, at least a few hints must be given here.
Since the intuitive idea of truth implies some kind of ‘correspondence’ between a
representation and the thing represented, one might spontaneously say that
knowledge by acquaintance is always true. A more refined analysis, however (that
will be carried out in due time), shows that truth is much more appropriately said
of propositions. Therefore, it is more expedient to say that knowledge by
acquaintance is not true or false, but, perhaps, right, while propositional knowl-
edge has to do with truth. But what does it mean “has to do?” Could propositional
knowledge really be knowledge without being true? Apparently not; in fact it is
admitted in general epistemology that, in order to affirm “I know that p,” the first
necessary (though not sufficient) condition is that p be true. Therefore, to require
from (propositional) knowledge that it be true seems little pertinent since
knowledge ‘includes’ truth and it would be self-contradictory, for instance, to
speak of ‘false knowledge.” Despite all this, we are confronted with an historical
fact, scientific knowledge (which is a form of propositional knowledge) is con-
sidered by many as being a form of knowledge without truth which still deserves to
be considered knowledge. This is why we must, for methodological reasons,
recognise this situation, look for its reasons, and eventually see whether and how it
should be corrected by retaining the rights of truth also in the field of scientific
knowledge (as will be done in this work).

A last remark. In the tradition it was usually required (starting with Plato and
Aristotle) that genuine knowledge requires understanding and explanation of what
is directly known. Positivists (as we have seen) rejected these additional
requirements but this was only the consequence of their radical empiricism and the
implicit dogmatic presupposition that reason has no cognitive import. Since we do
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not share such a tenet (and shall give reasons for this rejection) we shall include
understanding and explanation in the structure of knowledge. This will justify our
claim that science (also in its theoretical part) aims at truth as a consequence of the
fact that it strives towards the fullest acquisition of (propositional) knowledge. Not
all authors share this thesis,lo but we are confirmed in maintaining it also by the
fact that contemporary epistemology (and not just traditional epistemology)
requires that, in order to affirm correctly “I know that p,” not only must p be true
(a necessary but not sufficient condition), but must also be ‘justified’; and
understanding and explaining are certainly very relevant requirements for
justification.

1.2 The Scientific Revolution Revisited

An interesting question that might now be asked is whether such a disengagement
from ontology, such a reconceptualisation of science as affording an objective
form of knowledge rather than a true one, as took place at the beginning of the
twentieth century, must be conceived of as a ‘lowering’ that science was com-
pelled to accept as a consequence of the recognised impossibility of its being
anything more than that, or whether such an epistemological condition was already
‘structurally’ embodied in science itself. If the latter were the case, we should
easily be led to the conclusion that such an outcome of the crisis of modern science
actually meant a recovering of its original purity, rather than a resignation from its
previous tasks.

In order to investigate this question we must analyse the conceptual meaning of
the Scientific Revolution (that is, the intellectual revolution that gave rise to
modern science at the time of the Renaissance), and especially the very turning
point in it which coincides with Galileo’s position. In fact, many of the aspects that
are often considered as most characteristic of and decisive for that revolution

10 For example, Craig Dilworth maintains that truth and explanation are the basic goals of
science, and considers truth to be the fundamental property of scientific laws (that are located at
an empirical level, though not in an empiricist/positivistic sense). They provide knowledge while
theories are put forth in order to provide understanding and explanation, and do not constitute
knowledge (Dilworth 2007). Though Dilworth defends scientific realism, in the sense that he
convincingly argues that science cannot avoid trying to (causally) explain, by means of theories,
the empirical by postulating that the observed (or rather measured) features of reality are
produced by certain underlying not empirically accessible entities, he does not clearly maintain
that such entities really exisz, and in such a way his realism is a ‘weak’ one, in comparison with
the one that defends the ‘reality of the unobservables,” to put it briefly. On the contrary, we are
going to subscribe to this ‘stronger’ form of realism, and this is probably the most important
difference of our position with regard to that of an author with whose conceptions we largely
agree.
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appear not to be such once they are submitted to a closer scrutiny.'' The idea of
attributing an essential role to empirical support in statements concerning nature,
for example, was not really unique to the Renaissance, for it is to be found in the
whole tradition of the late Scholastics, especially of the Oxford Scholastics. The
same can be said regarding the criticism of Aristotelian physics, which was surely
one of the most obvious features that accompanied the Scientific Revolution. Here
too we can assert that such criticism was not novel, there having been detailed and
critical discussions of Aristotelian physics amongst the late Scholastics (not to
speak of the rejection of several of its aspects for philosophical or theological
reasons already in the thirteenth century). Also, the use of mathematics in the
description of nature had a very long tradition, both in the sense of conceiving of
mathematics as a particularly well-established world of rational certainty and
eternal truth, as well as in the sense of conceiving of the natural world as math-
ematically structured.'?

If such was the situation, we can correctly ask why these conditions did not act
simultaneously to give rise to modern science some centuries before Galileo. The
answer to this question seems to be the following: despite every appearance, these
patterns did not determine a form of knowledge which necessarily was at variance
with the Aristotelian model of knowledge of nature. The criticism of Aristotelian
physics, for example, was promoted within the Aristotelian framework itself, so as
to improve or perhaps correct it, but not to reject it. This can be said because the
fundamental points of view, the conceptual tools, the categories applied and, more
particularly, the aims of natural investigations were the same as those of Aristotle.
This can also be said of the importance given to empirical evidence or to the

"' The reader will forgive us if, owing to the specific nature of this book, the short discussion of
the scientific revolution which follows will lack the scholarly backing that would be necessary if
our presentation had a specifically historical aim. In particular we shall take for granted that a
‘scientific revolution” actually took place, a thesis that not all historians share today, at least in the
almost literal sense attached to this expression when Alexandre Koyré introduced it in 1939 (and
which is mirrored, for example, in the title Scientific Revolution of Rupert Hall 1954). A more
nuanced position has been defended by more recent authors (see, e.g., Shapin 1996) who stressed
that we cannot identify a single well-delimited and historically coherent event (chronologically
located between the end of the sixteenth and the beginning of the seventeenth century) so
revolutionary and crucial that it changed in a radical and irrevocable way the knowledge humans
had of nature and the methods of attaining this knowledge. Much more continuity with respect to
the past, and much less homogeneity in the way of considering the ‘novelty’ of their own
approach is to be found among the very protagonists of this complex process. It is undeniable,
however, that those people (such as Galileo, Bacon, Descartes, Boyle, Pascal) even in the titles of
their works wanted to stress the ‘novelty’ of their approaches, methods and contributions, and
explicitly opposed them to the heritage of the past. Therefore the real problem is that of
understanding in what this novelty consists and to what extent it is a novelty, without pretending
that the solution will result in the indication of just a few clear-cut ‘factors’. As a consequence we
too shall focus only upon certain aspects which are of special importance to the philosophical
analysis we are interested in, while leaving out of consideration several other aspects which are
amply studied in the very rich literature concerning this great historical phenomenon.

12 Clear documentation of what we are saying is provided in the monumental work of Pierre
Duhem (Duhem 1913).
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mathematical interpretation of natural phenomena. If such attitudes are adopted
within one particular conceptual perspective they could provide a great impulse to
what was subsequently called modern science, while, if adopted within an older
perspective, they might simply contribute to improving a received metaphysical
conception of reality. Let us only think of the Pythagorean and Platonic world-
pictures, in each of which mathematics played a central role, but which were not
scientific in the modern sense of this term.

We can now ask: what was the perspective or conceptual framework that had to
be superseded in order for modern science to come to light? We can briefly answer
that it was the substantialist viewpoint, and we shall now proceed to explain what
we mean by this.

1.3 The Essentialist and Substantialist Points of View

Both “essentialism” and “substantialism” are terms which occur regularly in
contemporary philosophy and, in particular, in discussions concerned with the
nature of science. Think only of the polemics against essentialism led by Popper,
or of the attacks against substantialism led by Cassirer. These are surely not the
only thinkers to share this critical attitude. We are not interested here, however, in
exploring these various positions. In the present context we would like to stress
rather how the different authors agree in tracing the origins of these doctrines back
to early Greek philosophy, and especially to Aristotle. According to Cassirer, for
instance, the foundation of the Aristotelian doctrine of concept resides in the
Aristotelian ontology of substance in such a way that “the complete system of
scientific definitions would also be a complete expression of the substantial forces
which control reality.”'® As for what substance is, Cassirer puts special emphasis
on the Aristotelian doctrine according to which substance was conceived of as a
kind of substratum in which the different features of being are inherent. This
distinction between a substratum and features of being not only led to the later
well-established distinction between a thing and its properties, but moreover
produced a subordination of relations to essences; for a relation, in order to exist,
must presuppose that which is being put into relation and cannot modify its
essence.

Popper’s definition of essentialism presupposes this conception both in its
conceptual features and in its historical reconstruction. Actually, he characterises
essentialism in a broad sense as “the doctrine that science aims at ultimate
explanation.”'* Then, when he wants to provide a more detailed depiction of its
nature, he indicates two aspects, one being an epistemic attitude, namely, the belief
that “the scientist can succeed in finally establishing the truth of... theories beyond
all reasonable doubt,” and the other having an implicit ontological grounding, in

13" Cassirer (1923), pp. 7-8.
14 Popper (1963), p. 105.
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that it claims that “the truly scientific theories describe the ‘essence’ or the
‘essential nature,” of things—the realities which lie behind the appearances.”'> He,
like Cassirer, maintains that the historical origin of this doctrine goes back to
Aristotle. Leaving aside for the moment the negative judgement that both Cassirer
and Popper express concerning the essentialist or substantialist doctrines, one must
first note that they are correct in recognising the main lines of these doctrines in
Aristotle. But one should perhaps also note that the respective features of these two
doctrines are not so strictly connected as they seem to be on first consideration. In
other words, while “substance” and “essence” are very often used synonymously
in colloquial language, certain features allow us to distinguish them and to give
them a different role as far as the cognitive status of science is concerned. We
would now like to outline the reasons which have led to a certain confusion of
these two concepts, and the reasons which recommend keeping them distinct; both
are already to be found in Aristotle.

Let us first see how Aristotle conceives of the essence. According to him, a very
general meaning of essence can be seen to correspond to an answer to the question:
“what is?” (#i esti). Such a question, however, can be answered in different ways.
For example, we can answer: “Socrates is a philosopher,” “Sugar is a white and
sweet powder,” “Man is a rational animal.” All of them are correct answers to the
respective question: “what is?” but the first simply mentions a particular char-
acteristic that Socrates could have failed to posses, the second mentions certain
qualities that sugar might perhaps not always show, while the third mentions
features that are considered necessary for something to be a man. As a conclusion,
Aristotle restricts the genuine meaning of essence to this last case: a thing’s
essence must be conceived of as the whole of its constitutive properties, that is, as
the complex of characteristics which necessarily makes it what it is and not some
other thing (essence as the fo ti en einai). It is of great significance that he equates
this notion of the essence (which we could call ‘necessary essence’) with one of
the fundamental meanings he gives to the concept of substance (ousia), and for
this reason we can call it also ‘substantial essence.’ It is also true that this fun-
damental ontological structure fully determines (as Cassirer has stressed) the
cornerstone of the Aristotelian scientific discourse, that is, the predicative judge-
ments in which various properties are attributed to the substance. In particular, this
doctrine accounts for the foundational role attributed by Aristotle to definitions
(which seems rather difficult for modern scholars to understand). Actually, we are
accustomed to giving only an intra-linguistic role to definitions, as tools for
‘establishing the meaning’ of terms, while Aristotle considered them, in addition,
as endowed with the task of ‘expressing the essence’; and this is at least a partially
extra-linguistic role.

In this sense (which was later to be characterised as that of being a real as
compared to a nominal definition) definitions must be frue, and indeed must
constitute the starting point of every discourse aimed at being true not accidentally

'3 Ibid., pp. 103-104.
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but by necessity. All these are well known theses, which are familiar to everyone
who has had the opportunity of studying, for example, the second book of the
Posterior Analytics. It is on the basis of this general conception that Aristotle is led
to his axiomatic-deductivistic model of scientific knowledge, which has as its
foundation the ‘knowledge of principles,” provided by a set of definitions able
adequately to express the essence of the reality upon which the discourse is being
developed. Only if such a sound starting point is provided can the subsequent
rigorous deduction, secured by syllogistic inference, lead to the construction of a
satisfactory scientific edifice.

If we look at the history of Greek science, we can see that the adoption of the
Aristotelian scheme was in a way responsible both for its splendours and for its
shortcomings. As a matter of fact, Euclid’s Elements is a masterpiece in mathe-
matics which is structured according to the model established in the Posterior
Analytics. In general one can say that that model was very well suited to the
mathematical or formal disciplines in which the definitions (in the sense of real
definitions) of the entities involved play an accessory role, while the axioms are
the fountainhead of actual knowledge. But the application of the same scheme
failed to prove equally fertile in the case of the empirical sciences, for there the
alleged necessity of first establishing some essence-expressing definitions, in order
to proceed from them via a rigorous deduction, often led to sterile aprioristic
speculations, rather than to a substantial empirical science. If this explains, at least
to some extent, why the classical tradition was able to produce a glorious math-
ematics, but only a meagre empirical science, it also raises the question whether
this shortcoming is to be imputed to the Aristotelian doctrine of the essence rather
than to other aspects of the above scheme.'®

In order to answer this question we must consider that the term “ousia” has a
multiplicity of meanings in Aristotle, and in particular that it is used by him not
only to denote essence (as we have just seen) but also substance. Indeed, one must
say that ‘substance’ is its primary and fundamental meaning, and that ‘essence’
appears as a kind of particularisation of that meaning. This can be clearly seen
when we ask: what do we mean when we speak of the substantial elements or
features of a particular thing? Among the possible answers to this question that
Aristotle considers, two are of particular interest. One identifies those substantial
features with the essence (to ti en einai), that is, with the complex of qualities
which characterise the thing and which cannot be omitted without it ceasing to be

16 We do not wish the foregoing statements to be taken too literally. Indeed Aristotle’s biology is
often considered with respect by modern scholars, and his physics contains many deep insights,
careful analyses and profound discussions. However, it is a fact that Aristotle himself did not
consider those parts of his natural investigation which are eminently descriptive (as is the case
with most of his biology) to be scientific—in his sense. It is also a fact, on the other hand, that the
doctrines of his physics are usually more significant from a metaphysical point of view (let us
only mention the doctrine of change, or the analysis of causes) than from a point of view that we
would call scientific in our sense. Therefore, even if we do not pretend that his physics should be
judged from the point of view of our physics, it is nevertheless certain that it does not show the
features of an empirical science proper.
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that thing. These are the features that must be caught and expressed in the defi-
nition, which fixes the class to which the thing belongs.

Another way of conceiving of substance is to think of it as the substratum
(to hypokeimenon) to which all of a thing’s qualities must be related, to the extent
that they are qualities ‘of something.” Clearly this second way of conceiving of
substance is suggested with particular force by the logical form of judgement, in
which something is predicated ‘of something else,” so that the idea of the sub-
stratum appears as the ontological counterpart of the subject in the subject-
predicate linguistic structure. This distinction has been gradually abandoned in
the course of the development of modern philosophy, in particular as a conse-
quence of the development of modern science (as Cassirer has tried to show in his
important work), but we shall not consider this historical point in our study. For
the moment let us simply note that, according to Aristotle, the qualities of its
substantial essence are the causes of the different characteristics and behaviours
exhibited by an entity, and this is why he maintains that an adequate definition of
the essence should allow for a satisfactory deduction of such features.'’

It falls outside the aim of this book to enter into a detailed discussion of this
Aristotelian doctrine, which one finds developed especially (but not only) in Book
Z of the Metaphysics.'® But from the few remarks we have made here it appears on
the one hand that essentialism and substantialism could in a way coincide, as there
is at least one classical sense (already present in Aristotle) according to which
substance is essence. On the other hand, however, there are reasons for not putting
these two notions on the same footing. Actually, there does not seem to be any
reasonable objection to speaking of the essence of a thing as the sum of the
features which distinguish it from other things, and assimilate it to other things in
one and the same grouping (call it genus, species, class or what you will). This
admission is indeed compatible with several conceptions of the ontological status
of these features, about the naturalness or conventionality of their being put
together (i.e. cohering in the same thing, or being conceived of as existing on the
same ontological level), and so on. And, moreover, it expresses a condition
without which no intellectual grasping of reality appears possible (for, in order to
comprehend reality, we must be able both to distinguish entities on the basis of
their disparate features, and to recognise them as potentially being of the same
kind on the basis of their common features).

'7 We note, by the way, that a similar conception was shared also by the initiators of modern
physics and lasted until the end of the nineteenth century in this science. The main difference was
represented by the ‘restriction’ of the substantial essence they adopted, and by the adoption of a
different kind of causality: whereas Aristotle had considered this causality as being essentially a
final one (in the case of ‘natural’ events), modern physics considered it as an efficient causality,
which for Aristotle was rather typical of artificially produced events (For a discussion of these
points, see Dilworth 2007).

18 A still very useful discussion of the different logical and ontological interconnections of these
meanings of “substance” in Aristotle is provided in Trendelenburg (1846). A valuable recent
work regarding the aspects of our issue which are treated in Book Z of Aristotle’s Metaphysics is
Frede-Patzig (1988).
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The idea of a substratum, within this approach, appearing as a kind of onto-
logical counterpart to a linguistic structure, seems to have no special reason for
being retained on its own merits. In fact (and this criticism is present to some
extent in Aristotle himself), it remains mysterious how one could even conceive of
this ‘entity,” which is hidden under a crust of qualities. It must be in principle
indeterminable, because to determine it would be tantamount to specifying its
qualities, which in turn would be incompatible with its alleged function to be only
the bearer of qualities.

This kind of reasoning explains why the admission of the essence (under a
variety of forms) could be maintained also by several philosophical schools that
eliminated the doctrine of substance, beginning with the ancient Stoics. From this
point of view, the copula “is” was simply meant to express not a relation of
inherence of a property in an essence, but a factual relation that happens to hold
between that which is signified by the subject and that which is signified by the
predicate, in the sense that the predicate ‘occurs’ in the individual that is signified
by the subject. This way of thinking became common in the so-called “terministic
logic” of late Scholasticism, where the contraposition of the theory of the sup-
positio against the theory of the inherence was actually but an aspect of the
contraposition of the theory of the essence against the theory of the substance. The
central feature of this disentanglement was the thesis that no characteristic of an
entity can be deemed to be superior to any other, since no one of them is neces-
sary. This led to the elaboration of a particular doctrine of the essence. Initiated by
Hobbes, developed by Locke, and followed by several scholars in the empiricist
tradition up to Mill, and by various contemporary authors interested in the debate
of ‘natural kinds,’ this doctrine is characterised by the elaboration of the notion of
nominal essence, where the adjective “nominal” indicates that the essence is
nothing more than that characteristic (or set of characteristics) that we use in order
to “give a name” to an object. The principal element of this doctrine is that the
essence ceases to be something dependent on the object to which it is attributed,
but rather depends on the contingent fact that man selects certain properties of the
object in order to identify it and give it a name as a kind of identification tag.
Expressing this in a different way, we could say that, within this line of thought,
essence migrates from ontology to the theory of meaning: indeed, as Quine pointed
out,' the meaning is what essence results in after divorcing the object from the
reference and uniting it with the word. This, however, would not be a faithful
portrayal of the situation for it only mirrors the outcome of the doctrine of the
essence for those authors who adhere to the ‘linguistic turn’ of twentieth century
philosophy. For Locke and his followers (including several contemporary schol-
ars) the nominal essence does not exhaust the whole meaning of essence, and does
not even constitute the most genuine one: surprising as it might sound, Locke
explicitly accepts a second meaning of essence, which is totally in keeping with
the Aristotelian conception, with only a terminological difference: he calls it real

19 Quine (1963), I, 1.
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essence instead of “substance” (but this is understandable owing to his well-
known criticism of the idea of substance). Actually, after having defined the
nominal essence as “the abstract idea to which the name (of a class or species, that
he calls “sort”) is annexed; so that everything contained in this idea is essential to
that sort,” he continues by saying: “This, though it be all the essence of the natural
substances that we know, or by which we distinguish them into sorts, yet I call it
by a peculiar name, the nominal essence, to distinguish it from the real constitution
of substances, upon which depends this nominal essence, and all the properties of
that sort; which, therefore, as has been said, may be called the real essence.”*’ We
have said that this admission of a real essence is surprising because one does not
see why, after such an admission, one had to introduce in addition the “peculiar”
notion of nominal essence. This surprise, however, vanishes if we consider that,
for Locke, the real essence cannot be known by humans, and in this assertion we
have clear evidence that Locke was prisoner of that ‘epistemological dualism’ we
will duly discuss later.”!

The moral of this story could be expressed by saying that while the concept of
essence is hardly eliminable from a discourse concerning knowledge, efforts can
be made in order to dispense with the concept of substance in so far as substance is
conceived as a substratum of properties that, for the very reason of being a sub-
stratum or a pure bearer, escapes any possibility of being known, since our
knowledge cannot be anything other than knowledge of certain properties. One
could discuss whether this was indeed the genuine notion of a substratum ‘in
which’ properties inhere according to the Aristotelian tradition, but we are not
interested in this discussion here. We want rather to analyse a second meaning of
substance that plays a crucial ontological role in Aristotle’s doctrine and is also
related to his notion of substratum. This role has to do with the intelligibility of
change or becoming: in order to say that ‘something’ has changed or become
different from what it was, we must admit, on the one hand, that it ‘remained the

20 Locke (1690), 111, 6, 2.

2! On the contrary, this distinction is used as a tool for supporting a realist view of science by
those contemporary authors who do not share this epistemological dualism. See, e.g., Mackie
(1976) where a refinement of Locke’s distinction is proposed, and Dilworth (2007). It may be
interesting to note that the distinction between ‘nominal essence’ and ‘real essence’ is a kind of
reformulation of the scholastic distinction between ‘nominal definition” and ‘real definition.” The
first expressed those characteristics that we include in the meaning of a term and that may help us
even in the determination of the existence of an entity endowed with such characteristics. This,
however, does not entail that we have an adequate knowledge of the essence of such an entity,
which can remain largely inscrutable. For example, Thomas Aquinas, responding to an objection
according to which in order to prove the existence of God we should know in advance his
essence, says that we actually use in our proof the nominal definition of God (that contains certain
characteristics we mean God should have), and then we prove that such an entity must exist,
without pretending to know his essence in depth: “For in order to prove that something exists, it
is necessary to use as a medium term that which the name signifies but not what this is, because
the question what is comes after the question whether it is (Summa Theologiae, 1, q. 2, a.2). The
advantage of the traditional terminology is that it did not introduce the rather strange notion of
two essences, but the more reasonable distinction between the essence and a definition.
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same thing’ and, on the other hand, that it has become a different thing. This is
possible if we distinguish between a permanent core of this entity, which Aristotle
calls substance, and a changeable way of the entity’s presenting itself. Since this
core remains unaltered ‘under’ the different mutations, it can be equated with a
sub-stratum. Not, however, a substratum with regard to properties or qualities, but
with regard to existence. Note, however, that this ontological substratum cannot be
something undetermined; therefore its stable characteristics are called by Aristotle
and later classical ontologists properties (that constitute the thing’s essence) while
the thing’s changeable features are often called qualities.”> The properties of a
substance are constant and present in every instance of the substance, while its
qualities can change.”> One must note, however, that this ontological role of
substance has a clear metaphysical character, and was not appreciated by those
‘new scientists’ who were much concerned not to become involved in meta-
physical speculations. Therefore, it was only implicitly at work in their theoretical
constructions.>* As a consequence, when these authors spoke of substance and
essence they usually had in mind the picture of a mysterious substratum that
remains ‘behind’ the perceptible qualities as an alleged ‘bearer’ of them; and one
can see here the first germs of that ‘epistemological dualism’ (with all its gratuity
and methodological difficulties) that was destined to play such an important role in
the history of Western philosophy—especially from Descartes to Kant. But we
shall return to this point later.

As a consequence of the said dualism one could say that the most reasonable
move would have been to retain the genuine spirit of essentialism (which appears
to be sound and rather unproblematic) while rejecting the spurious notion of
substance (for the retention of which there exists no convincing evidence or
argument, unless one explicitly enters the domain of ontology). This separation of
the two seems particularly justified if one shares the analysis provided, for
instance, by Cassirer, which shows how the ‘independence’ of substance from
qualities and relations was meant to be one of its characteristic features. Therefore,
since our knowledge of the world consists in the determination of qualities and
relations, we can safely avoid any reference to substance in its ontologically
committed sense and at most use this term only in one of the four senses

22 We are using this distinction rather loosely, for reasons of brevity and clarity. In particular we
are not giving to “property” the technical meaning of “proprium” that was explicitly defined by
Aristotle and taken up again in more sophisticated ways by the tradition. The proprium is a
characteristic that pertains to a whole class of objects and pertains to its members always and
solely but is not part of the substantial essence, though being strictly dependent on it (the example
given by Aristotle is the capability of learning grammar in the case of man).

23 What we have said regards what in traditional ontology was called “accidental change” (in
which a substance is permanent and only its accidents change). Also a “substantial change” was
considered: in this case one substance must disappear in order for another substance to come to
be, and this is again possible because something remains permanent, i.e., matter (by the way, this
is why matter is also considered as one possible meaning of substance by Aristotle himself).

2% We shall come to this issue in Chap. 10, devoted to the topic “Science and Metaphysics.” See
Dilworth (2007) for a detailed treatment of this question.
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mentioned by Aristotle, that is, as indicating any concretely existing individual
(in his terminology: the first substance). Unfortunately, however, this solution was,
at least historically, not so easy to implement. Indeed, for Aristotle, essence was
conceived of as a set of properties; but not all properties that can be attributed to an
entity were said to belong to its essence. Therefore, the essence itself did not
appear as something patent and simply waiting to be determined, but rather as
something hidden, which was to be uncovered and dug out from ‘under’ or
‘behind’ the crust of inessential and even defective properties which can distract
our attention and put us on the wrong path. This was tantamount to powerfully
suggesting a significant reidentification of the notions of essence and cognitively-
hidden substratum. The essence was more and more imagined to be a kind of core,
a receptaculum of ‘hidden qualities’ which served at the same time as the obscure
substratum of the other properties, and which therefore challenged our ability to
bypass the curtain of appearances. But if we remember that the distinguishing
feature of substance, from an ontological point of view, was its role as substratum
(in the comprehension of change), we easily understand that a confluence of the
meanings of “substance” and “essence” was occurring again.

This is why we cannot easily separate essentialism from substantialism. We
must admit that Popper reflects a widespread way of conceiving of essence when
he characterises it, as in the passage quoted earlier, as “the ‘essence’ or the
‘essential nature’ of things—the realities which lie behind the appearances.” This,
however, was not in keeping with Aristotle: though Aristotle distinguishes
between properties and qualities, he still puts them on the same level of reality;
nothing is hidden, but there are simply two different ‘ways of existence’: the
substance exists “in itself,” while properties and qualities exist only “in a sub-
stance.” But this was an ontological distinction, not very palatable to people who
were exclusively sensitive to epistemological requirements.’

What resulted from the above process was, in a way, a necessary conclusion. If
we start a cognitive endeavour concerning something, our goal can be no more
(but also no less) than to establish ‘what it is,” besides having ascertained ‘that it
is,” and also having described ‘how it is.” But to establish, with regard to a certain
entity, ‘what it is’ obviously entails determining its essence (in the genuine and
uncompromised sense we mentioned earlier). We shall henceforth refer to this as
the ‘correct’ notion of essence. It is therefore no wonder that the general aim of
every full-fledged cognitive enterprise, or striving for ‘scientific’ knowledge as it
used to be called, had to be, for Aristotle and his followers, that of knowing the
essence (not in the sense of knowledge by acquaintance, but of propositional
knowledge). This was indeed the ideal of ‘traditional’ science. But this programme
became involved in a good deal of historically understandable, but logically

%5 Let us note that, according to Aristotle, we proceed in our knowledge from what is “prior for
us” (i.e., the immediately known qualities of things) to what is “prior in nature” (i.e., the
essential properties), and this is a progression simply implying the use of more complex
capabilities of our knowing apparatus (i.e., senses and intellect). This doctrine has been widely
adopted in the philosophical tradition.
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unnecessary, complications as a consequence of the additional burden with which
the knowledge of the essence was charged. One was to strip from a thing all the
‘external’ properties that were simply involved in the contingent fact ‘that’ it was
there, and also in the equally contingent ways ‘how’ it exhibited itself, in order to
uncover, ‘behind’ this contingent facade, ‘what’ it really was. Clearly the enter-
prise of grasping the essence has much of a guessing quality about it, and its
attempts to obtain results had to lead to frustration.”®

This is precisely the intellectual situation that Galileo was no longer willing to
accept.27

1.4 The Core of the Galilean Revolution

If we consider Galileo’s attitude we easily see that it was truly revolutionary
because it disregarded precisely that which was the very core of scientific
knowledge according to the traditional doctrine, that is, the ability to capture the
real essence of things. Galileo, not only in his practical way of investigating nature
but also in his conscious theoretical reflection, explicitly refused to ‘attempt the
essence,” as is revealed in the following excerpt from his third letter to Mark
Welser on sunspots:

In our speculating we either seek to penetrate the true and internal essence of natural
substances, or content ourselves with a knowledge of some of their affections. Attempting
the essence I hold to be as impossible an undertaking with regard to closest elemental
substances as with more remote celestial things... But if what we wish to fix in our minds is
the apprehension of some affections of things, then it seems to me that we need not despair
of our ability to acquire this respecting distant bodies just as well as those close at hand—
and perhaps in some cases even more precisely in the former case than in the latter.”®

26 By saying this we are far from intending to trivialise these efforts. A study of such non-trivial
methodological discussions as those regarding composition and division, or analysis and
synthesis, would show how skilfully these issues were often treated. However, it seems
undeniable that a much more radical step was needed in order to progress, and this is what we are
now trying to explore.

27 We are fully aware that, in this brief discussion, we have omitted any mention of the
intellectual intuition operated by the noiis which, according to Aristotle, is the tool for uncovering
the essence (and which constitutes the ground for that induction or epagogé that is the path to the
essence in a way very different from that of modern post-Baconian induction). It would lead us
too far afield to consider these doctrines here. This issue will be considered to some extent later,
in our discussion of scientific realism. Let us simply note that a recovering of the role of
intellectual intuition is implicit in what may be considered the most convincing revival of the
doctrine of the essence in contemporary philosophy, i.e. in Husserl’s phenomenology, with its
notion of Wesenschau.

2 Galileo, Opere V, pp. 187-188; translated in Drake (1957), pp. 123-124. 1 have slightly
modified this translation by using “affections” instead of “properties,” not only in order to be
more faithful to the letter of the Galilean text (where the Italian word “affezioni” occurs), but
especially because “affection” was at that time a technical term in philosophy, and this fact—as
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Here we find a clear distinction between the internal ‘essence’ and the ‘affec-
tions’ of natural entities, plus the declaration that we can hope to gain some
knowledge of such entities only if we confine our attention to their affections. If we
remember that the imperative of knowing the essence had been the characteristic
mark of philosophy since Socrates’ celebrated “#i esti,” we can conclude that
Galileo’s proposal was, at least in part, that of abandoning the strictly philo-
sophical viewpoint in investigating nature. We shall return later to a closer
investigation of the question of essence in Galileo’s conception of science, but we
can already say that this was the conceptual feature which makes Galileo’s step the
very heart of the Scientific Revolution; it really meant a transition from philosophy
to science in the modern sense of this word. Natural science was being understood
as non-philosophical knowledge (despite the fact that it continued to be called
“natural philosophy” for a couple of centuries) in the sense that it had abandoned
the investigation of ultimate grounds and reasons that has been the typical attitude
of philosophy throughout its history.?’

This fact becomes even clearer if we take into consideration some scholars who
are sometimes regarded as forerunners or even as pioneers of the scientific rev-
olution. Let us consider, for example, Francis Bacon. The reason why, in all
fairness, he cannot be regarded as a founder of modern science (although he gave a
very clear picture of the inductive method as something different from simple
enumeration, which proved extremely fruitful for scientific research) is not so
much the fact—often underscored—that he was unable to recognise the proper role
of mathematics in natural science, nor that he cannot be credited with any sci-
entific discovery proper, but rather that he still claimed the specific task of natural
investigation to be that of uncovering the form of things. And, although he devoted
much effort to trying to distinguish his form from Aristotle’s, he was not actually
able to show any appreciable difference, for his form meant, exactly as did that of
Aristotle, the ultimate and deepest ‘essence’ of things. He writes, indeed (§ 4 of the
Second Book of the Novum Organon):

We will lay this down, therefore, as the genuine and perfect rule of practice, that it should
be certain, free, and preparatory, or having relation to practice. And this is the same thing as
the discovery of a true form; for the form of any nature is such, that when it is assigned the
particular nature infallibly follows. It is therefore, always present when that nature is
present, and universally attests to such presence, and is inherent in the whole of it. The same
form is of such a character, that if it be removed the particular nature infallibly vanishes. It
is, therefore, absent, whenever that nature is absent, and perpetually testifies such absence,
and exists in no other nature. Lastly, the true form is such, that it deduces the nature from
some source of essence existing in many subjects, and more known (as they term it) to

(Footnote 28 continued)

we shall see in the sequel—gives great significance to Galileo’s approach. I have also reintro-
duced Galileo’s significant expression “attempting the essence.”

2 We do not maintain that this step was sufficient to characterize the whole spirit of modern
science. Indeed it is not sufficient to account for scientific theorizing and we shall see in the
sequel that additional elements entered the very Galilean epistemology, elements which cannot be
reduced to this preliminary step of a quasi-positivistic flavour.
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nature, than the form itself. Such, then, is our determination and rule with regard to a
genuine and perfect theoretical axiom, that a nature be found convertible with a given
nature, and yet such as to limit the more known nature, in the manner of a real genus.*

Bacon’s ideal of knowledge, in other words, was still that of philosophical and
not of scientific knowledge in the modern sense. His “new organon” was intended
to be the elaboration of a stringent methodology capable of attaining the ‘neces-
sary essence’ of natural substances (in the same sense as the Aristotelian fo ti en
einai) through a systematic and articulated study of empirical evidence rather than
through intellectual intuition. Therefore his position can be characterised as an
explicit empiricism, which is, again, a particular philosophical doctrine having no
specific ‘scientific’ connotation in the modern sense.

The same can be said (though for different reasons) of Renaissance Italian
philosophers such as Telesio, Bruno and Campanella (who were practically con-
temporaries of Galileo). The naturalistic flavour of their philosophy may be noted,
as well as the fact that these philosophers shortened the distance between natural
facts and the metaphysical principles capable of making them understandable. But
they nevertheless remained faithful to the metaphysical-essentialist viewpoint,
even when they looked for new principles in nature itself. The title of Telesio’s
main work, De rerum natura juxta propria principia (1565-1585), is in a way self-
explanatory and paradigmatic. Nature must be explained by recourse to ‘its own’
principles; but they are still ‘principles,” in the sense of metaphysical ultimate
patterns, which were thought to correspond to the deepest essence of natural reality
(they are, for example, heat and cold, condensation and rarefaction, that is, such
things that, even in their sources, are reminiscent of the ancient naturalistic Pre-
Socratic philosophy). Similar considerations may also be brought to bear on
Bruno’s animistic or monistic cosmology, or on Campanella’s panpsychistic world
outlook, according to which the “sense of things” was accessible only through a
kind of mystical identification with the divine world order, and the mastering of
nature was possible through magic (De sensu rerum et magia, 1604). If we
compare such doctrines with Galileo’s viewpoint, a difference becomes immedi-
ately apparent. The above authors believed that a better understanding of nature
could result from changing philosophy (i.e., from finding new ultimate ‘essential’
principles of Nature), while Galileo maintained such an understanding to be
obtainable only through a non-philosophical investigation, in the sense of disre-
garding the research of any such ultimate principles. This fact, by the way, is
confirmed by the circumstance that the scholars who promoted the rise of the ‘new
science’ of nature fought with equal force against the Aristotelian physics and
against this widespread ‘naturalism’ of their contemporaries.’’

3% Bacon (1620), p. 138.

31 We find in the distinction mentioned here what may be a more significant reason for the
separation of modern natural science from the magic and the occult arts which were still
flourishing at that time, as well as for the more general antagonism between the scientific spirit
and magical or occultist approaches that has become dominant since then. Those who claim that
magic and occultism, being directed towards mastering the powers of nature, aided the birth of
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The extent to which Galileo’s view differed from the ‘philosophical’ perspec-
tive may be further appreciated if we consider Galileo’s attitude towards the
problem of looking for the causes of phenomena. An explicit definition of science
which frequently occurs in the classical tradition is the following: scientia est per
causas scire. The search for a cause, or better for the causes, was considered of
major importance simply because the notion of cause was intimately connected
with that of essence. This may pose difficulty for today’s philosophers who are
accustomed to practically one simple kind of cause, i.e., that which ‘produces’ its
effect. But if we go back to ancient philosophy, we see that the concept of cause
had a much wider meaning. Consider, for example, Aristotle’s doctrine of the ‘four
causes.” One of these causes (later labelled the “efficient cause”) is comparable to
the present-day notion of cause; but the doctrine also admits a “material,” a
“formal,” and a “final” cause, none of which is to be conceived of as something
external to a thing, acting upon it and thereby producing a particular effect. (The
notion of a final cause has been recovered rather recently, and not without resis-
tance, in considering human action.) Each of these is, rather, an ‘internal’ prin-
ciple, strictly bound to the essence of the thing so as to express its way of acting or
behaving. A closer scrutiny of the efficient cause itself reveals that this cause too is
to have a direct connection with the essence of a thing, so that, in the last analysis,
the search for causes largely coincides with the task of investigating the essence.
(Recall the pervasive Scholastic metaphysical principle operari sequitur esse,
which implicitly stressed such an interdependence between the essence and the
way it reveals itself as a ‘cause,’ that is, as an active plrinciple.)32

Once such a strong link between essence and causes is appreciated, one has no
difficulty in understanding why Galileo, who was so diffident towards the notion of
essence, had to be equally diffident with regard to causes.” Here we quote some

(Footnote 31 continued)

modern science are taking an historically contingent fact as evidence for an actually unproved
interaction. The active presence of these two different trends in Renaissance culture (magic on the
one side, incipient science on the other), and their having a certain common aim, simply express
one of the many contradictions of this fascinating epoch, but do not allow one to overlook that the
trend represented by science was at variance, and not in keeping, with the other more traditional
trend. This remains true even despite the fact that certain outstanding representatives of the
incipient modern natural science incarnated in their work both of these contradictory attitudes
(the most impressive example is probably that of Kepler).

32 In Greek philosophy the terms aition, aitia and arche were practically synonymous. The Latin
translations of the first two is causa (cause), and that of the last is principium (principle). Taking
this fact into account, it is easy to understand why the classical ideal of knowledge was that of
determining ‘causes.” This simply meant looking for reasons (as we should say), which make
reality understandable and which may be—according to cases—efficient causes in our sense, but
also final causes, general principles and ultimate essential properties of things.

3 Actually, Galileo’s attitude towards causes was much more nuanced than that which, for the
sake of brevity, we shall consider here. What Galileo disregards is rather the investigation of
efficient causes, while he is not insensitive to problems which in the classical terminology would
fall in the realm of other causes (especially formal, but even final causes). These types of cause
are often concealed under a slightly different terminology (such as that which speaks of reasons),
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lines from his more ‘scientifically’ conceived and composed work, that is, from the
Dialogues Concerning Two New Sciences. When the moment comes for him to
discuss the accelerated motion of falling bodies, he says:

The present does not seem to me to be an opportune time to enter into the investigation of
the cause of the acceleration of natural motion, concerning which various philosophers
have produced various opinions, some of them reducing this to approach to the centre;
others to the presence of successively less parts of the medium (remaining) to be divided;
and others to a certain extrusion by the surrounding medium which, in rejoining itself
behind the moveable, goes pressing and continually pushing it out. Such fantasies, and
others like them, would have to be examined and resolved, with little gain. For the present,
it suffices our Author that we understand him to want us to investigate and demonstrate
some attributes (passiones) of a motion so accelerated (whatever be the cause of its
acceleration) that the momenta of its speed go on increasing, after its departure from rest,
in that simple ratio with which the continuation of time increases, which is the same as to
say that in equal times, equal additions of speed are made. And if it will be found that the
events that then will have been demonstrated are verified in the motion of naturally falling
and accelerated heavy bodies, we may deem that the definition assumed includes that
motion of heavy things, and that it is true that their acceleration goes increasing as the time
and the duration of motion increases.**

As one can easily see, the whole problem is reduced here to that of estab-
lishing the correct description of a very limited and particular ‘affection’ of

(Footnote 33 continued)

and may be found in the very application of mathematical reasoning to the study of physical
questions. This is not strange, and will be a clear result of the sequel of our discussion, where the
‘realist’ meaning of Galileo’s appeal to mathematics in physical questions will be discussed. A
valuable analysis of this complex issue is provided in Machamer (1978).

3 Galileo (1638), Opere VIII, pp. 202-203; English translation, pp. 158—159. It is not accidental
that Galileo says that it “does not seem to be an opportune time” (at this point of the Dialogues)
to investigate the cause of (gravitational) acceleration. Indeed this not only leaves open the
possibility that some other time might be opportune, but it also could indicate that at other times
Galileo himself had investigated that cause. In fact, a careful survey of the progression of
Galileo’s studies on motion shows that he only gradually came to consider the accelerated motion
of falling bodies, and that he had been looking for a causal explanation of this acceleration
without obtaining a satisfactory result (as no one, including Newton, has since). In addition, it
would be strange to consider Galileo’s statement at this point as a rejection of the investigation of
causes as such, since the second day of the Dialogues had just been devoted to the investigation
of the cause of the cohesion of solid bodies. However, this investigation had hardly been
conclusive. As a consequence, it seems correct to say that Galileo’s attitude towards causes is
parallel to his attitude towards essences. Having experienced frustration in trying to find causes,
he came to consider it an “impossible undertaking,” and restricted himself to the achievable task
of “demonstrating some of the affections of accelerated motion.” We could note, however, that
this problem has to do with gravitation in particular, and that, even in the case of Newton, it led to
his “hypotheses non fingo.” Both Galileo and Newton adopted the notion of contiguous efficient
causes (i.e., mechanical causes) for explaining physical phenomena, and while such causes could
easily be determined in many areas, they could not when it came to gravitation. As with the
problem of essences, Galileo does not declare the problem of causes to be absurd or uninteresting;
it is simply bracketed and left for some more “opportune time” (that of philosophical
speculation). We shall see that something similar may also be said regarding Newton’s
investigation of the cause of gravitational attraction.
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physical bodies—that of falling with an accelerated motion—without asking the
traditional question about the ‘essence’ of this motion, which inevitably would
bring along with it the very intriguing question as to the ‘causes’ that produce it.
It is also of interest to consider the way Galileo proposes to achieve his goal. He
explicitly indicates that we have to proceed by formulating some reasonable
conjectures, starting obviously with the simplest ones, and develop them with
regard to their logical consequences. If it turns out that such deduced ‘testable
consequences’ (as we should call them today) coincide with a faithful descrip-
tion of the observed ‘affections,” we could retain them as a result of their being
well established.>® Galileo even says, on another occasion, that if this should
happen not to be the case, we ought not feel obliged to consider such a con-
jecture as intrinsically untenable. Indeed its internal correctness would not be
affected by its empirical inadequacy, and it would still remain a good description
of a ‘possible’ motion, although not of the motion we originally wanted to
describe. In order to describe this motion we ought to go on and try new con-
jectures, and put these to the test, until we eventually reach that conjecture which
appears to be in agreement with the observed facts with which we were
concerned.*®

If one considers the epistemological line of this discussion, one can find in it an
early sketch of what Popper refers to as the method of conjectures and refutations,

35 Consider this quotation from Galileo’s Two New Sciences:

And first, it is appropriate to seek out and clarify the definition that best agrees with that
(accelerated motion) which nature employs. Not that there is anything wrong with
inventing at pleasure some kind of motion and theorising about its consequent properties,
in the way that some men have derived spiral and conchoidal lines from certain motions,
though nature makes no use of these (paths); and by pretending these, men have laudably
demonstrated their essentials from assumptions (ex suppositione). But since nature does
employ a certain kind of acceleration for descending heavy things, we decided to look
into their properties so that we might be sure that the definition of accelerated motion
which we are about to adduce agrees with the essence of naturally accelerated motion.
And at length, after continual agitation of mind, we are confident that this has been found,
chiefly for the very powerful reason that the essentials succesively demonstrated by us
correspond to, and are seen to be in agreement with, that which physical experiments
(naturalia experimenta) show forth to the senses (Galileo 1638, Opere VIII, p. 197,
English translation, p. 153).

3 Consider for example this passage from a letter of 7 January 1639 from Galileo to G. B. Baliani:

I argue ex suppositione about motion, so that even though the consequences should not
correspond to the events of the natural motion of falling heavy bodies, it would little
matter to me, just as it derogates nothing from the demonstrations of Archimedes that no
moveable is found in nature that moves along spiral lines. But in this I have been, as I will
say, lucky: for the motion of heavy bodies and its events correspond punctually to the
events demonstrated by me from the motion I defined (Galileo, Opere, XVIII, pp. 12-13;
translated in Drake 1975, p. 156).
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with all its anti-inductionist flavour; and it is interesting to find it formulated at
the very beginning of modern science, together with the first conscious charac-
terisation of science itself as something distinct from philosophy.

1.5 The Question of the Essence and Epistemological
Dualism

According to our interpretation, that which best characterises the Galilean revo-
lution, and which at the same time marks the most distinctive feature of ‘modern’
science, was Galileo’s renunciation of the task of attempting to know the essence
of things (the problem of causes being somewhat less important and subordinate to
that of the essence). This seems to imply, first, that already with Galileo we find a
clear opposition to ‘essentialism.”*’ But to claim this cannot mean anything pre-
cise if one does not rely upon a precise definition of essentialism. This is why we
must try to directly evaluate the Galilean attitude; and to do so we must try to
understand what is really meant by the ‘problem of the essence,” continuing in
greater depth the discussion started in Sect. 1.3.

There is a kind of natural and irrefutable meaning of ‘essence,” which can be
expressed by saying that no existing thing, in the widest sense of the concept of
existence, can be conceived of as being general or undetermined but, in order to be
‘something,” has to be definite, with features which distinguish it from everything
else. In other words, the idea of the essence is the conceptual counterpart of an
ontological principle, that of the ‘determinateness’ of being, which in Medieval
philosophy led to the formulation of one of the famous ‘transcendental’ features of
reality, that of unum. This principle was formulated in the Scholastic texts as
follows: omne ens est indivisum in se et divisum a quolibet alio (every being is a
unity in itself and is distinguished from every other being). Such a principle is in
itself so clear and evident that one would hardly contest it today, even if its ancient
formulation is somewhat old-fashioned. (Note that an entity’s constituting a unity
in itself does not prevent it from having parts). In fact, if I say, for instance, that
there is a book on my desk at this moment, I must rely on some features of this
entity which enable me to distinguish it, for example, from a cat or from a pipe and
allow me to say that it is a book. Moreover I can also say that I saw this book in a
dream last night, or that I saw it on my desk yesterday. In these cases the book had
different kinds of ‘existence’ (it existed not as a ‘perceived entity’ but as a

37 This, for example, is in contrast to what Popper says when (in defining essentialism in his
Logic of Scientific Discovery) he explicitly claims “Galilean philosophy of science” to be
essentialist. This, however, is not an important question, for it depends basically on two factors:
the particular meaning which one gives to the notion of essentialism, and the accuracy of
Popper’s portrayal of the doctrines of Galileo. Both of these factors might well be investigated,
but we are not interested in this issue here.
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‘dreamed entity’ or as a ‘remembered entity’), but it still had the same ‘essence,’
given that it was recognisable as the same book each time.

But here certain complications arise, for if we really identify the essence with
the system of properties which qualify a being, and therefore also distinguish it
from everything else, we are obliged to ascribe to the essence really all the features
an individual entity possesses. As a matter of fact, what distinguishes this book
from other things (including other books) might well be some feature we normally
consider ‘inessential’ to it. Due to this type of difficulty, philosophers were led to
conceive of the essence as something general or universal, that is, as suitable for
the identification of genus and species rather than individuals.”® In this way, they
found a kind of natural relationship between the ‘essence’ and the ‘substance.” As
a matter of fact, the celebrated distinction between ‘substance’ and ‘accidents’ was
originally conceived of as a purely ontological distinction between an existence ‘in
itself,” and an existence ‘in something else.” (For example, a human being is a
substance because it is something which exists in itself, while having blue eyes is
an accident because it does not exist in itself but only as a ‘way of being’ of a
substance, that is, of a human being.) But it soon became customary to carry on
this ontological distinction on another plane in which one came to speak of
‘substantial” and ‘accidental’ features of things. In such a way substantial features
became synonymous with essential features; and essence, after having been
considered as the complex of features which place an individual in a certain
species, became the substance itself.>”

38 In fact the Aristotelian essence characterises species, and it is in order to deal with the sort of
problems hinted at here that later philosophers elaborated more sophisticated concepts, such as
those of quidditas and hecceitas.

3 In the above statements we deliberately adopted the half-colloquial way of using terms such as
substantial and accidental. This use does not correspond to the original delineation of
‘predicables’ expressed by Aristotle in the Topics, where he first says that “of what is peculiar to
anything, part signifies its essence, while part does not” (A4, 101°17-23). He then proceeds to
characterise a definition as “a phrase signifying a thing’s essence”; a property (Latin proprium)
as “a predicate which does not indicate the essence of a thing but yet belongs to that thing alone
and is predicated convertibly of it”; a genus as “what is predicated in the category of essence of a
number of things exhibiting differences in kind”; an accident as “something which though it is
none of the foregoing—i.e. neither a definition nor a property nor a genus—yet belongs to the
thing: something which may possibly either belong or not belong to any one and the self-same
thing, as (e.g.) ‘sitting posture’ may belong or not belong to some self-same thing” (A5,
101°37-1028, passim).

In these passages we have a summary of most of Aristotle’s semiotic analysis of terms, where
such basic notions are characterised as those of definition (oros), property in the technical sense
of proprium (idiom), genus (genos), kind or species (eidos), (specific) difference (diaphora), and
accident (symbebekos). All these notions, as is clear from the quotations, are more or less closely
connected with the essence, and essence is here intended as what makes a thing be what it
necessarily is (fo ti en einai). This analysis, which is performed on a linguistic level owing to the
fact that the question at issue is that of classifying different kinds of predicables, becomes more
complex and also less clear as soon as other levels of meaning are taken into consideration, and
especially when questions of reference become involved. For example, already in the Topics the
celebrated list of ten categories is presented (A9, 103°20-37), and Aristotle remarks that each of
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(Footnote 39 continued)

the four predicables will fall, in every actual statement, into one or another of the ten categories.
Here, that which is usually translated as the category of essence (the first on the list) is designated
with another name: #i esti, instead of to ti en einai as before. But if we consider this list as it
appears in a parallel text of the Categories, we can see that the category of essence is termed
ousia, while all the other categories are listed under exactly the same names and even in the same
order as in the Topics.

There are obviously reasons for this shifting of terminology, which mainly consist in the fact
that the referential aspect of the discourse is being taken into consideration. Actually, the more
usual way of translating ousia is as “substance” and not “essence,” and this differentiation
becomes more apparent in Aristotle himself where he remarks that essence, in the sense of
intrinsic nature, is in every category, not only in that of substance; hence, “substance” and
“essence” or “ousia” and “ti esti” are not synonymous (ZTopics A9, 192°27-38). However, at this
point a line is being cast towards ontology, as the term “ousia” receives a double meaning
through the distinction between primary substance (prote ousia) and secondary substance (deu-
tera ousia), the first referring to any actually existing individual, and the second to what may be
predicated of a subject or may exist in a subject (Cat. 5, 2a 11-19).

From the above brief presentation one can see how many distinction criteria are implied (e.g.
between necessary and non-necessary and between convertible and non-convertible predication,
and between independent existence, existence in a subject, and predicability of a subject). These
criteria, on the other hand, are not always parallel, but may often interfere with one another; and
this gives rise to difficulties in the interpretation of the Aristotelian texts, difficulties which are
partly due to the lack of certain technical devices “which later logicians and philosophers have
found indispensable in making their points clear, inverted commas and the free invention of
abstract norms,” as William and Mary Kneale correctly point out (Kneale 1962, p. 27). But they
are also partly due to the depth and difficulty of the philosophical issues involved. This is why, in
particular, Aristotle himself oscillates on some important points, and why his Latin translators of
the Middle Ages had much difficulty in creating a terminology capable of expressing his subtle
distinctions. But they continued to discuss the core of the matter, and developed many ingenuous
and subtle theories in order to tackle the most debatable questions.

It lies outside the scope of this study to explore these developments. Let us simply mention the
fact that, as far as our problem of substance and essence is concerned, the very fact that the
Scholastics conceived of logic as a theory of what they termed “second intentions” (being in
thought and not in nature) is of relevance. Indeed they were led to a considerable amount of
semiotic analysis which directly concerns our issue, though their way of conceiving of the
intentiones secundae was by no means constant, as we can see by comparing, for example,
Thomas Aquinas (thirteenth century), and Ockham and Albert of Saxony (early and late four-
teenth century). Scholastic logic consists essentially of two parts, the doctrine of the properties of
terms (proprietates terminorum), and the doctrine of consequences (consequentiae). The first is
replete with interesting discussions relevant to our problem, such as those connected with the
different theories concerning supposition, appellation, ampliation and such properties of terms,
with all their sub-distinctions, that have their direct impact in the celebrated great debate about
universals which divided the schools for about four centuries. Works such as the Dialectica of
Peter Abelard (1079-1142), the Introductiones in logicam of William of Shyres (c. 1200-1270),
the Summulae logicales of Peter of Spain (c. 1210-1277), the Summa totius logicae of William
Ockham (c. 1285-1349), the De puritate artis logicae of Walter Burleigh (1275-1343), the
Perutilis logica of Albert of Saxony (c. 1316—1390), and the Logica magna of Paul of Venice (c.
1372-1429) contributed to such a development of this theme as has not been equalled in sub-
sequent centuries, including ours. But, as often happens, the enlargement and specialisation of the
inquiry did not lead to a unification and standardisation of terminology and classification. In
addition, logicians of the sixteenth and seventeenth centuries took different directions in their
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The effects of this development were not all positive, for it projected upon the
essence a number of ambiguities which were already resident in the notion of
substance. As a matter of fact, the very distinction between substance and accident
was already such as to suggest the idea that substance is a kind of hidden sub-
stratum that ‘carries’ the accidents and is concealed behind them. Through the
identification of essence with substance, essence came to be thought of as con-
taining in itself all the ‘substantial’ features of a thing, due to its position as ‘the
intimate core’ of every individual entity, while the ‘accidental’ features were to
constitute the ‘veil of appearances’ which had to be penetrated in order to reach the
essence. In this way an ontological dualism gradually took shape which held that
there is a surface and a core of every reality, and that our knowledge is always
challenged to reach the core by penetrating through the crust or superficial stratum
of accidental patterns. Such a conception has become so familiar that we have
retained many references to it even in everyday language. We commonly speak,
for example, of superficial knowledge as contrasted with deep or profound
knowledge; we speak of an investigation which ‘goes to the bottom of things,” and
so on (the position of Locke, that we have already considered, may be seen as a
mature expression of this view, that was historically prepared through a slow
development).

We must now take into consideration a second kind of dualism, which appeared
explicitly in the history of philosophy only in the seventeenth century, and which
we shall here call epistemological dualism.*® According to this conception—which
seldom became an explicit doctrine but acted as a tacit presupposition under the
doctrines of many philosophers from, say, Descartes to Kant—what we really
know when trying to consider reality is our representation (‘ideas’) of it, but not
reality itself. Here one immediately faces the problem of how we can be sure of a
correspondence between our ideas and the reality to which they are to correspond.
This is the famous question of the ‘bridge’ between ideas and reality that was so
ingeniously but so unsatisfactorily looked for by the rationalist and empiricist

(Footnote 39 continued)

investigations, so that the question of essence and affections, which we have met in speaking
about Galileo, became much less precise and more open to ambiguities, as we have tried to
explain. (For an exposition of the foregoing historical development, the reader is directed to such
books as Bochenski 1956, Kneale 1962, Moody 1953, and Boehner 1952). The ‘correct’ notion
of essence has surfaced again in contemporary philosophy, not only with Husserl’s phenome-
nology, but also in the philosophy of science, particularly since the works of Kripke, and has
given rise to many discussions and claims concerning (modal) logic no less than ontology that are
reminiscent, even in their terminology, of several medieval distinctions. In saying this we do not
mean to imply that we subscribe to Kripke’s form of essentialism; we only intend to point out the
intrinsic importance of the issue we have been discussing here.

40 This expression (translated into English from the Italian “dualismo gnoseologico™) is due to
Gustavo Bontadini, who has analysed this philosophical phenomenon with particular care and
acumen, showing it to be the most characteristic feature of modern philosophy from Descartes to
Kant. See in particular Bontadini (1947) and (1952). One must say, however, that this conception
is often referred to in contemporary philosophical literature under the name of
representationalism.
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philosophers of the seventeenth and eighteenth centuries. The transition from what
we have called the ontological dualism between the surface and the core of reality,
to this epistemological dualism, is easily made by considering the superficial,
accidental aspects of reality not as being features of reality proper, but rather as
belonging to our representation of it. In such a way, instead of considering a
splitting of reality into two sides or parts, and admitting in such a way a kind of
first class and second class reality (such as in the form of substances and acci-
dents), one is led to separate the content of our knowledge from reality (though
continuing to admit that the aim of our knowledge be that of attaining reality
itself). Through these precisions we want to discard a meaning of “epistemological
dualism” that could be suggested by the use of the term “dualism.” This
expression must not be understood in the sense that we have two kinds, or forms,
or steps of knowledge (such as sensible knowledge and intellectual knowledge),
which is a perfectly legitimate position, but in the sense that the essential goal of
knowledge (that is, to know reality as it is), cannot be attained directly, but
(hopefully) by passing through an intermediate diaphragm: according to this view,
what we immediately know are our representations or ideas, and not reality.
Therefore, the chief question became that of determining whether or not, starting
from our ideas, we can indirectly obtain knowledge of reality.

The transition from the first to the second kind of dualism is also to be found in
Galileo’s works. In a celebrated passage in his Saggiatore (The Assayer) he
introduced that which later became the famous distinction between primary and
secondary qualities of things, primary qualities being those which may be con-
ceived of as belonging to things in themselves, while secondary qualities were
simply the effect of our knowing activity, of our coming in contact with the thing
in question via our sense organs.*' They correspond in this way to what we have
called our representations of the thing**:

Now I say that whenever I conceive any material or corporeal substance, I immediately
feel the need to think of it as bounded, and as having this or that shape: as being large or
small in relation to other things, and in some specific place at any given time; as being in
motion or at rest; as touching or not touching some other body; and as being one in
number, or few, or many. From these conditions I cannot separate such a substance by any
stretch of my imagination. But that it must be white or red, bitter or sweet, noisy or silent,
and of sweet or foul odour, my mind does not feel compelled to bring in as necessary
accompaniments. Without the senses as our guides, reason and imagination unaided would
probably never arrive at qualities like these. Hence I think that tastes, odours, colours, and
so on are no more than mere names so far as the object in which we place them is
concerned, and that they reside only in the sensitive body so that, once the animal is
removed, they are all removed and annihilated as well. But since we have imposed upon

4 Actually, already in ancient philosophy the core of this doctrine had already been proposed by
Democritus and later atomist philosophers, and this is in keeping with the revival of atomism that
was taking place in seventeenth century Europe.

42 For a detailed analysis of this important work of Galileo, see, e.g., Agazzi (1967).
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them special names, distinct from those of the other primitive and real accidents, we wish
to believe that they really exist as actually different from those.*’

As one easily sees, some qualities are supposed to belong to reality in itself
(such as figure, movement, size, position, and so on) all of which are ‘quantitative’
in character, while others are supposed to have no existence either in themselves or
in things, but simply to be the effect of the action through which the ‘animal’
comes in contact with the thing. We could safely say that, according to Galileo, the
first (which are significantly called “real accidents”) are ‘essential’ qualities, while
the others are pure appearance, and do not concern science.

This view is supported by another well-known passage of the Assayer in which
Galileo states, in an argument with his interlocutor, what the ‘true characters’ of
nature are:

Philosophy is written in this grand book, the universe, which stands continually open to
our gaze. But the book cannot be understood unless one first learns to comprehend the
language and read the letters in which it is composed. It is written in the language of
mathematics, and its characters are triangles, circles, and other geometric figures without
which it is humanly impossible to understand a single word of it.**

After all this, one could easily say: Galileo maintained that qualitative features
do not belong to the essence of physical reality and, moreover, he relegated them
to the status of simple subjective patterns of our knowing activity. He reached in
such a way the conclusion that only quantitative and mathematisable features
constitute the essence of physical reality, and was thus led to the step of applying
mathematics in the description and explanation of natural phenomena, a step
which proved so decisive for the development of modern science. If we wanted to
tease, we might say that, in so doing, he tacitly and unconsciously accepted the
making of his science into something concerned with the essence, despite his
explicitly stated proposals, because he had simply changed the traditional per-
spective concerning what the essence of physical reality actually was (he had, so to
speak, externalised the essence).

All this may well be true, but for the moment let us remark that such a change
in the idea of the essence of (physical) reality was so subtle and implicit that
Galileo himself might not have been fully aware of it, since it could hardly be
distinguished from his purely methodological proposal, that is, from the adoption
of a new method of inquiry in which our attention has no longer to be directed
towards the goal of grasping the essence but simply towards that of describing
certain ‘affections’ of natural substances.

In attempting to understand these proposals, we have been led to consider how
the essence was actually conceived of by the Scholastic or Aristotelian philoso-
phers of that time, namely as a kind of hidden core of reality which had to be

43 Galileo (1623), Opere VI, pp. 347-348; translated in Drake (1957), p. 274. We have modified
the last lines of Drake’s translation slightly, in order to remain more faithful to the Galilean
formulation.

* Galileo (1623), Opere VI, p. 232; translated in Drake (1957), pp. 237-238.
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uncovered and grasped through an effort of philosophical intuition capable of
penetrating the surface of accidental properties. Against such a programme,
Galileo (who was still affected by this historically transmitted dualistic conception
of the essence) proposed the conception of a new pattern of knowledge consisting
precisely in the scrutiny of the neglected surface, of the accidental features of
reality. Once this is understood, one may even maintain that Galileo’s privileging
of the quantitative or mathematisable qualities does not imply in itself an essen-
tialistic conception, but may simply be interpreted as the drawing of a distinction
inside the realm of the accidental features or ‘affections’ of reality, according to
which only some of them actually belong to reality (the “real accidents,” or the
mathematisable ones) while the others are purely subjective. Which of these two
possible interpretations of Galileo’s conception is correct is neither easy nor even
possible to decide since neither was explicitly formulated by him; and one should
probably say that both of them were at work in his thought.

But now, having seen that two ways of conceiving of the essence had been
developed by the tradition (the ‘correct,” according to which essence is ‘what
something is,” and the ‘incorrect,” according to which a thing’s essence is hidden),
we can ask which of the two was the target of Galileo’s attacks. Clearly it was the
incorrect one. We have actually shown, by discussing at length some of Galileo’s
most typical utterances, that he intended to abandon the programme of attempting
to grasp the essence, conceived of as a hidden core of reality. This means that
though he had an incorrect, dualistic notion of essence, he decided not to bother
pursuing it. However, Galileo does sometimes speak of essence in a non-dualistic
sense, for example when he designates as essence the real features of some of the
‘affections’ which are the target of his investigation. For example, he says that “the
definition which we will give of our accelerated motion would correspond to the
essence (essentia) of the naturally accelerated motion.”* One must say that sci-
ence has preserved such an attitude up to now, except during the brief mechanistic
infatuation of the nineteenth century.*®

45 . " .
“... eam, quam allaturi sumus de nostro motu accelerato definitionem, cum essentia motus

naturaliter accelerati congruere contigerit” (Galileo 1638, Opere VIII, p. 197).

46 This explains why authors such as Krajewski (1977) and Nowak (1980) interpret Galileo’s
conception in a strongly essentialist manner. It is exactly those features which correspond to the
Galilean primary qualities that they consider essential, features which Galileo was able to identify
thanks to his extraordinary capacity for idealisation. But we must say that in such a way the other
aspect of Galileo’s revolution is neglected, that which he expressed through his explicit refusal to
grasp the essence and remain content with the knowledge of certain affections. These authors are
probably inclined to disregard this point because they are both dualist in the sense explained
above (as they state themselves). A more subtle position is defended in Harré (1964), where a
very interesting analysis is devoted to Galileo’s distinction of primary and secondary qualities
(pp. 85-93). The conclusion of this analysis is that Galileo’s primary qualities actually amount to
a new (physicalistic/atomistic) expression of the essence of matter. This claim can be accepted,
because it does not express so much the meaning and the intention of Galileo’s scientific work
and attitude, but rather the philosophical and metaphysical framework which developed in
connection with his scientific approach.
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1.6 Science and the Non-dualistic Meaning of Essence:
What are “Affections”

We would like briefly to discuss whether the ‘correct’ conception of essence as
being ‘what a thing is’ was also rejected by Galileo. Although Galileo himself did
not distinguish between this notion of essence and that according to which essence
is hidden, we can say that he would not have had anything against making it, as he
could not conceivably have been against establishing with regard to a certain thing
‘what it is,” and how it is not to be confused with other things, independently of the
epistemological question of the extent to which the knowledge of this essence can
be attained. Moreover, this correct idea of the essence is independent of the
distinction between ‘substance’ and ‘accidents’ (which, as we have seen, Galileo
also adopts), because accidents too have their essences (as already stressed by
Aristotle) if they are at all to be recognisable and identifiable. So, for example, we
might declare not to concern ourselves with the ‘essence’ of water, but choose to
investigate instead some of its easily observable ‘affections,” such as its freezing
and boiling points. Still, in order to perform such an investigation we need to know
‘what it is’ to freeze or to boil, that is, we have to know the essence (in the non
dualistic sense) of these processes without which we could not even begin to speak
about them.*’

For Galileo the question appears to be even more complicated, for in certain
passages he expresses his confidence in being able to reach, by means of the
methods he proposes, the ‘true essence of things.”*® However, it is by trying to

47 Note that, in the Lockean sense, these features are part of the ‘nominal essence’ of water.
However, this does not avoid the fact that, at least for them, we must know their essence in a full
sense (or, if we wanted to speak of nominal and real essence also in their case, we could not go on
indefinitely with this strategy, because we are to stop at a stage at which the knowledge of the real
essence of something is attained). This is why (though recognizing that the Lockean terminology
may be useful in certain discussions) we prefer not to adopt it systematically, owing to its
possible ‘dualistic’ interpretation (that is present in Locke himself, who considers unknowable the
real essence). The analytic role of the notion of nominal essence will be preserved in later parts of
this work when we come to speak of the ‘referential features’ of an object (features which, in
addition, will not be conceived in a purely empiricist sense).

*8 Galileo’s realist attitude may be found in several short passages of his work, but the most
extensive discussion is perhaps in a letter he wrote to P. Dini (23 March, 1615) in which he
opposes the view that the Copernican theory should be accepted simply as a suitable tool for
“saving the appearances (phenomena),” and not as a description of what is really happening in
nature. He stresses that Copernicus had already fulfilled the task of computationally saving the
appearances (in his earlier writings) according to the traditional Ptolemaic view, but then

. wearing the philosopher’s dress, and considering whether such a constitution of the
parts of the universe could really exist in rerum natura, and having seen that this was not
the case, and also estimating that the problem of this true constitution was worth being
investigated, he engaged himself in the investigation of such a constitution, recognising
that, if a disposition of the parts of the universe was able to satisfy the appearances in spite
of being fictitious and not true, much better would this result be obtained from the true and
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understand and solve this difficulty that we can clarify the real issues involved
(both historically and conceptually) in the question of essentialism and substan-
tialism. In order to do this we must briefly consider the notion of ‘affection,” which
plays a strategic role—as we have seen—in certain of Galileo’s epistemological
claims.

As used today, the term “affection” normally has a very different meaning from
what it had in the past, especially at the time of Galileo. The primary current
meaning of this term relates it to the sphere of affectivity, and generally expresses a
positive emotional attitude towards a person (or a thing, a situation, a way of life).
Another meaning is that related to medicine, where “affection” is sometimes used
as synonymous with “disease,” especially when the intention is that of specifying
which organ or function is ‘affected’ by a given malady. Now this is the sense
which is residual in contemporary language from the much more general meaning
of “affection” in the past, when the term was used to indicate whatever feature a
certain being could be said to be ‘affected’ by. In this way affections were in the
last analysis properties or states of a being. This explains why modern translators
of ancient texts usually translate “affectio” by “property,” a reasonable solution
from a practical point of view, but one which may conceal certain important issues
in a scholarly discussion.*’

(Footnote 48 continued)
real disposition; at the same time one would have gained in philosophy a knowledge as eminent
as that which consists in knowing the true disposition of the parts of the world. (Galileo, Opere V,
pp. 297-298)

In the first of the three famous letters to M. Welser on sunspots, he had already written:

The philosopher-astronomers, besides trying to save at any rate the appearances, try to
investigate—as the greatest and most marvellous problem—the true constitution of the
universe, since such a constitution exists, and it exists in a way which is unique, true, real,
and impossible to be otherwise, and worth being put before any other knowable question
by the speculative mind, owing to its greatness and nobility. (Galileo, Opere V, p.102)

In these passages Galileo is referring to a distinction that was rather customary in the
astronomy of the Middle Ages, that between “geometers-astronomers” and “philosophers-
astronomers”. The firsts were those who (to use a modern way of speaking) proposed skillful
mathematical models in which the celestial phenomena could be suitably accommodated
(this is the sense of “saving the appearances”), without the pretention that they mirrored the
real structure of the universe. For this reason it was admitted that they could be very different.
The philosophers-astronomers, instead, where those scholars who intended to propose a real
picture of the universe, that is, a philosophical cosmology with pretention of truth. Galileo
considers Copernicus as having been both, and he himself intended to be at the same time a
‘geometer’ capable of proposing working mathematical models of physical phenomena, and
at the same time a natural ‘philosopher’ aiming at providing a true description of certain
natural processes. A good presentation of this double aspect of Galileo’s work is offered in
Minazzi (1994).

4% This is confirmed by the fact that—in particular in the English translations of Galileo quoted
above—the translators have used “property” instead of “affection”; and now it is clear why we
have changed their translation slightly by reintroducing “affection” here. However it must be said
that the old meaning does not seem to have been totally discarded in contemporary use, if we
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However, this linguistic explanation is still of little interest. What must be
added is that in late Scholastic philosophy, which had developed a whole theory of
the affectiones entis, “affection” had a philosophically fechnical meaning. Without
providing any details of this theory, it is sufficient for us to quote the two short
definitions of “affectio externa” and “affectio interna” which are given in an
authoritative philosophical lexicon published in 1613, that is, more or less in the
same year that Galileo was writing the words we have quoted. Affectio externa is
“quae subiecto advenit ob externam causam” (that which comes to the subject
because of an external cause), while affectio interna is “quae manat a subiecti
principiis intimis” (that which emanates from the intimate principles of the
subject).”® It is more than likely that Galileo did not read this lexicon. Lexica,
however, do not create meanings but rather record, clarify and perhaps ‘codify’
existing meanings. Therefore we can safely say that Galileo was using a current
technical term when speaking of ‘affections,” and this is easily confirmed by a
simple inspection of the passages quoted. In the third letter to Welser he is clearly
referring to ‘external affections’ when he says that he intends to content himself
with knowledge of some of the affections of natural substances, without investi-
gating “the true and internal essence” of things (and this essence, as we have seen,
was considered at that time to be something containing the ‘intimate principles’
from which the said affections ‘emanate,’ to use the eloquent terminology of the
quoted lexicon). In the passage taken from the Dialogues Concerning Two New
Sciences, we have seen that Galileo refuses to take into consideration the causes of
the accelerated motion of falling bodies, but rather “merely to investigate and to
demonstrate some of the affections of accelerated motion (whatever the cause of
this acceleration may be),” and this clearly shows that he has in mind the “external
affections” according to the then current distinction.

It is interesting to see that this terminology—and the conceptual features it was
intended to express—continued to play an important role for a long while after
Galileo, and at the same time was impregnated with some of the Galilean pref-
erences we already encountered when we considered the privilege conceded by

(Footnote 49 continued)

consider the Concise Oxford Dictionary, where the last meanings indicated for “affection” are:
“mode of being; property, quality, attribute”.

30 See Goclenius (1613), p. 78. It is perhaps not completely superfluous to recall that in the
philosophical tradition preceding the eighteenth century the term “subject” indicates not a
knowing subject or person (as is most current now), but an individual entity in general (more or
less with the same meaning as is preserved in our concept of subject-matter). In particular, a
problem typical of the ‘epistemological dualism’ mentioned in the preceding section was that of
knowing whether the subiectum (i.e., the real ontological thing in itself one tries to know)
faithfully corresponds to the obiectum (i.e., to the ‘representation’ of it which is ‘put before’ our
act of knowing). This way of using the terminology (which is standard, e.g., in Descartes) may
create difficulties for the contemporary reader since we are used to considering the ‘object’ as the
thing in itself, and the ‘subject’ as the knowing subject (or mind). These remarks are useful here
because the subiectum occurring in the given definitions is the ens to which the affections come
either from the outside or the inside, and is not a knowing mind.
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him to the “real accidents” related to the quantifiable properties. The conjunction
of these features appears in the notion of mechanical affections which, though not
occurring explicitly in the pages of Galileo himself, perfectly expresses his pro-
gramme of what should constitute the concern of science. Let us only quote two
passages, one from Boyle and one from Locke, and make a few comments on
them. Boyle writes:

That which I chiefly aim at, is to make it probable to you by experiments, that almost all
sorts of qualities, most of which have been by the schools either left unexplicated, or
generally referred to I know not what incomprehensible substantial forms, may be pro-
duced mechanically, I mean by such corporeal agents as do not appear either to work
otherwise than by virtue of the motion, size, figure, and contrivance of their own parts
(which attributes I call the mechanical affections of matter).>!

This statement is an expression of the mechanistic world outlook which
accompanied the development of the new science of mechanics, and at the same
time it is clear that the “attributes” mentioned here, and the whole flavour of the
discourse, are directly reminiscent of the famous passage from Galileo’s Assayer
concerning primary and secondary qualities, as well as of the Galilean proposal to
leave aside knowledge of the intimate essence of things, which is here termed their

3! See Boyle (1672), vol. 11, p. 13. Boyle presents a concise, but very incisive, defence of his
mechanistic worldview in an essay published in 1674, ‘The Excellency and Grounds of the
Corpuscular or Mechanical Philosophy,” where the expression mechanical affections often occurs
and indicates the privileged qualities of the Galilean Assayer. Boyle says, for example, that “the
phenomena of the world thus constituted are physically produced by the mechanical affections of
the parts of matter, and that they operate upon one another according to mechanical laws” (p.
189); and elsewhere: “both the mechanical affections of matter are to be found, and the laws of
motion take place, not only in the great masses, and the middle size lumps, but in the smallest
fragments of matter” (p. 194). Besides the notion of mechanical affections, we find in this essay
also those of mechanical laws and mechanical principles. This is not surprising, since these pages
were written after the publication of Newton’s Principia, in which mechanics had emerged as a
fully fledged physical doctrine. (Boyle’s way of speaking is very Newtonian when he says, e.g.,
that “these principles do afford such clear accounts of those things, that are rightly deduced from
them only,” p. 190; my italics.) Furthermore, this mechanistic view is already becoming a
metaphysical doctrine with all the features of exclusivity and reductionism that this implies. This
is clear throughout the whole essay; in corroboration we quote only a passage from its
Recapitulation:

The parts of matter endowed with these catholick affections are, by various associations,
reduced to natural bodies of several kinds, according to the plenty of that matter, and the
various compositions and decompositions of the principles; which all presuppose the
common matter they diversify; and these several kinds of bodies, by virtue of their motion,
rest, and other mechanical affections, which fit them to act on, and suffer from one another,
become endowed with several kinds of qualities, (whereof some are called manifest, and
some occult,) and those, that act upon the peculiarly framed organs of sense, whole
perceptions, by the animadversive faculty of the soul, are sensations (p. 208).

This is almost literally Democritean atomism, already resumed in the passage of Galileo’s
Assayer mentioned above.
The quotation is taken from Boas Hall (1965), where Boyle’s essay is fully reproduced.
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substantial forms. Finally, it is very significant that those attributes (i.e., primary
qualities) are qualified, in the very spirit of Galileo, as the mechanical affections of
matter.

Now let us consider the following passage from Book IV, Chapter III, § 25 of
Locke’s Essay Concerning Human Understanding:

But whilst we are destitute of senses acute enough to discover the minute particles of
bodies, and to give us Ideas of their mechanical affections, we must be content to be
ignorant of their properties and ways of operation; nor can we be assured about them any
further, than some few trials we make, are able to reach.>?

Here, while Locke on the one hand explicitly mentions mechanical affections,
on the other he has no confidence in being able to reach them at the level of the
atomic constitution of matter through a solid knowledge of things (which was
proclaimed by Galileo and still shared by Boyle). Why is this? Not because such
mechanical affections are necessarily impossible to ascertain in and of themselves,
but because, according to Locke, they ought to be attributed also to the “minute
particles” of bodies, particles which we cannot observe. At least to a certain
extent, Locke is saying that these affections, though not mysterious in themselves,
may remain hidden as far as their actual applicability to the (alleged) invisible
microstructure of bodies is concerned. In such a way, even the mechanical
affections appear to be subject to the same kind of criticism (though to a less
drastic extent) as Locke had expressed against the notion of substance, and which
we find clearly summarised, for example, in Book II, Ch. XIII, § 19 of the Essay,
where he first says that:

They who first run out the notion of accidents, as a sort of real beings, that needed
something to inhere in, were forced to find out the word Substance, to support them...

and then criticises this doctrine which claims that

Substance, without knowing what it is, is that which supports Accidents. So that of
Substance we have no Idea of what it is, but only a confused obscure one of what it does.>?

In other words: the mechanical affections should be part of the properties of the
‘real essence’ of material bodies, in order to fulfil their task of producing the
properties (including the mechanical affections themselves), of the ‘nominal
essence’ of these bodies. But this is said to be impossible, owing to Locke’s
‘dualistic’ presupposition regarding the unknowability of the real essence.

One could say that here Locke is expressing himself more as a Newtonian than
a Galilean, for his chief criterion for admitting the legitimacy of a cognitive claim
has not so much to do with the kind of properties, attributes, or affections involved
in the claim, but rather with what the claim is about being more or less remote
from immediate experience. Let us not forget that Newton, in his General Scho-
lium to the Principia, included after his famous “hypotheses non fingo”

52 Cf. Locke (1690), p. 556.
33 Cf. Locke (1690), p. 175.
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mechanical ‘hypotheses’ among those he wanted not to invent, and that he had
qualified as hypotheses all claims which could not be “deduced from the phe-
nomena and generalised by induction.”>*

The significance of this change on the part of Locke resides in the fact that an
epistemological criterion is clearly being introduced here for deciding questions
that had been of an ontological nature before. This is apparent from the very fact
that in both of the above-cited passages (and in the whole of the Lockean
approach) the pivotal notion is that of the ideas. But it is also confirmed by the fact
that the difference between substance and accidents is presented here not as that
between something which can exist in itself and something which can exist only
“in alio” (an ontological difference), but in the rougher and more pictorial way as
that between something which supports and something which is supported,
which—as we have seen—is again an expression of the epistemological dualism
(we know the supported but not the support). In order to overstep the limitations of
this phenomenalist approach it was necessary to recognise the indispensable role
and legitimacy of theorising: something Galileo had already done and subsequent
science was to continue doing, making the progress of natural knowledge depend
on the appropriate choice of the ‘affections’ to be investigated (an ontological
requirement) and not on their sensory accessibility (epistemological requirement),
as Galileo had already pointed out by noting that our knowledge of such affections
can sometimes be easier in the case of distant physical entities (that are much
removed from sensory accessibility) than in the case of things “close at hand.”

It would lead us too far afield to follow the path which led to this change of
perspective from the indication of ontological requirements to the prescription of
epistemological criteria for the successful pursuit of the study of nature. We would
simply like to conclude this survey of historical points by indicating how this
doctrine of ‘affections,” which from one point of view was a development of the
more traditional doctrine of accidents (“affections” and “accidents” being

54 Let us stress that what is being said here is not intended to be an interpretation of the whole
attitude Newton adopted as to the ontological commitments of his physics, but only a rather literal
interpretation of this famous passage. In particular the admission of particles and of the vis insita
are already obvious violations of this precept in the very core of Newton’s physics; and in the
decades following the publication of the Principia Newton devoted serious effort to attempting to
provide an ontology capable of sustaining his pivotal theoretical construct, that is, attraction, and,
more generally, force. After having dismissed ‘internal’ or occult properties of bodies, he felt
obliged to look for some ‘active principles’ which could operate in some way outside of bodies
and provide a medium for the transmission of force, so that he could avoid the conceptual
difficulties involved in the notion of action at a distance. In these endeavours he even went so far
as to admit the existence of an ether equipped with an exceptional combination of properties; but
he never found a satisfactory solution to his problem (nor has anyone else). From this point of
view, Newton’s fruitless efforts are reminiscent of the fruitless efforts spent by Galileo in
searching for the causes of the acceleration of falling bodies (which is indeed the same problem),
and testify to the same intellectual attitude: a realist aspiration towards a full ontological
understanding (in terms of mechanical affections) of nature, reinforced by the consideration that
they are mathematically expressible ‘affections,” since nothing more can be attained. For an
excellent presentation of this story, see McMullin (1978).
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practically synonymous in the citations from Galileo), gradually developed into
more complex philosophical doctrines. A very compact passage of Spinoza gives
us an excellent capsule-conception of this convergence. In Book I, Chapter 3 of his
Cogitata metaphysica he defines the “affectiones entis” as “quaedam attributa,
sub quibus unuscuiusque essentiam vel existentiam intelligimus, a qua tamen non
nisi ratione distinguuntur” (certain attributes, under which we understand the
essence or existence of anything, but which can be distinguished from it only by
our reason).55 In this definition of “affection” we find mention of “attributes,”
“existence” and “essence,” while it is well known that in the general system of the
Spinozian ontology modes are also introduced, which are said to be affections of
the substance.

Practically all the ingredients of ontology as it was discussed at the time of
Galileo are displayed here; and the topic of the ‘modes’ was going to become one
of the most elaborated. (It occupies an important position, e.g., in the researches of
Descartes, Spinoza, Locke and Hume.) ‘Modes’ retain the character of being
strictly related to substance, and yet not identifiable with it. Also Locke expresses
this conception (though in his own language of ‘ideas’) when he says in Book II,
Chapter XII, § 4 of the Essay:

Modes 1 will call complex Ideas, which however compounded, contain not in them the
supposition of subsisting by themselves, but are considered as Dependencies on or
Affections of Substances; such are the Ideas signified by the Words Triangle, Gratitude,
Murther, etc.>®

All this clearly shows us two things: that the decision to restrict oneself to
‘affections’ did not mean a lack of ontological commitment, implying what we

55 See Spinoza (1663), p. 124. In fact, the term affectio has a very wide circulation in Spinoza’s
writings, as may easily be seen, for example, from the Lexicon Spinozianum of E. Giancotti
Boscherini (see Giancotti Boscherini 1970). In particular, Spinoza tells us that his meaning for
“affection” coincides with that of “attribute” as it is used by Descartes in his Principles of
Philosophy; and in this way we are led to see how this theme of affections (sometimes somewhat
disguised) dominated the epistemological and ontological discussions of the time. Descartes’
passage hinted at by Spinoza deserves consideration, since it represents a bridge linking the rich
Cartesian discussion on modes and attributes to our present historical remarks:

And indeed here we are understanding by modes exactly the same thing as we understand
elsewhere by attributes or qualities. But when we consider that the substance is affected or
altered by these things, we call them modes; when the kind of this substance can be named
from this alteration, we call them qualities; and finally, when we more generally consider
these only as being inherent in a substance, we call them attributes (Descartes, Oeuvres
VIIL, p. 28. Quoted from the translation by V. R. and R. Miller, Reidel, Dordrecht/Boston,
1984, pp. 24-25).

The fact that modes are what affects or alters a substance clearly indicates their close
relationship with affections. This terminological evolution also explains why the discussion of
modes on the part of many seventeenth and eighteenth century authors must be considered a
development of the more general discussion of affections.

36 Cf. Locke (1690), p. 165.
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termed ‘epistemological dualism’; and that affections are attributes which cannot
be separated from things, but only distinguished from their essences and existence
by an act of logical analysis (therefore, they are ‘real’ and at the same time are
intelligible only as related to a ‘reality’ of which they are affections). Therefore
neither the negation of the ontological existence (in some appropriate sense) of the
affections, nor their being alien to the essence, is to be found in these doctrines;
and this is also the case with Galileo. As we shall see later, the suitable organi-
zation of specific attributes amounted for the new natural sciences to the con-
struction of their domain of objects, whose essence was not ‘hidden,” but was
characterised precisely through such attributes.

Leaving Galileo aside, for contemporary science too the question of a correct
use of the notion of essence appears not to be negligible, especially because the
Galilean prescription not to ‘attempt the essence’ has been popularised as though it
meant the rejection of any investigation of the essence. As a matter of fact, we
have been told since the time we were children that, for example, modern physics
does not pretend to know ‘what light is,” but simply describes and explains certain
‘phenomena’ connected with light, such as reflection and refraction. In a similar
way it is said that science does not pretend to say what electricity is or what atoms
are, and so on, but simply states a set of laws regulating the so-called electrical or
atomic ‘phenomena’ and nothing else. It is not difficult to recognise that such
affirmations are the expression of a positivistic conception of science, but the
question is to know whether they are right or wrong.

Even granting, for the sake of the argument, that science is not interested in
knowing ‘what is’ light, electricity or atoms, one must say that many essences (in
the correct sense) must be known, for it is certain that in order to distinguish
reflection from refraction, the magnetic from the thermal effects of an electric
current, atomic reactions from atomic decay, and so on, one has to know the
‘essence’ of these phenomena, one has to know ‘what they are,” quite apart from
the fact that, in order to understand and explain them some proposals regarding the
nature or essence of the ‘things’ of which they are phenomena must be provided
(but this discourse will be taken up much later in this work).

From what has been said above it follows that, although in order for modern
science to come into being it was important that it drop the programme of
‘attempting the essence,” the ‘essence’ it was rejecting was only fictitious in any
case. This rejection was important and decisive, but we shall later find it useful to
return to what we have termed the ‘correct’ notion of essence in order to avoid its
only effective meaning being incorrect, in which case it would reproduce the
mistaken position of epistemological dualism for contemporary science, inter-
preting it as a simple phenomenal knowledge incapable of describing reality. In
particular, many of the issues involved in the discussion concerning scientific
objectivity are confused because of this dualistic position, and a non-dualistic
theory of scientific objectivity allows one to maintain a responsible and correct
form of essentialism.

Moreover, even such technical notions as those of affection, attribute and mode,
which many contemporary philosophers are inclined to ridicule as though they
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were simply archaic curiosities, will surface again under new names in discussions
which are held to be very modern. Finally, we would like to note that the rather
detailed presentation of general metaphysical and ontological notions, and of their
discussion by several authors in connection with the birth of modern natural
science, will serve as a useful historical backing when we come to analyse the
issue of the relations between science and metaphysics in the Chap. 10 of this
work.

1.7 The Maturation of the Model of Science Between
Galileo and Kant

From our preceding discourse one might have received the impression that the
Galilean proposal had been such a decisive and clear breakthrough that no one, in
order to investigate nature successfully, could dispense with it. As a matter of fact,
however, things were not that simple, because the Galilean proposal could also be
considered an invitation to avoid difficult and engaging investigations, and to
regress to the level of a merely superficial knowledge of the accidental features of
reality, deprived of any necessity and rigour. This explains why many philosophers
of nature, including those who shared a worldview quite close to the perspectives
of the ‘new science’ of mechanics (the most representative of them is certainly
Descartes) preferred to invent new metaphysical systems for interpreting the world
and what was in it (e.g. animals and man) rather than follow the methodological
prescriptions of Galileo.”” It was only the concrete success rapidly encountered by

57 In a letter addressed to Mersenne on 11 October, 1638, Descartes makes many critical
comments about the recently published Galilean Dialogues Concerning Two New Sciences.
Without entering into Descartes’ rather detailed examination of the book, it will be sufficient for
us to quote the first lines of this letter, which contain a general appreciation of Galileo’s work:

I shall begin this letter with my remarks about Galileo’s book. I find, generally speaking,
that he philosophises much better than ordinary people, for he rids himself to the extent he
can of the errors of the Schools, and tries to examine physical matters by means of
mathematical reasoning. In this I feel completely in agreement with him, and maintain that
there is no other way to find the truth. But he seems to me to be very defective in that he
makes digressions all the time, and he does not stop to explain any matter completely. This
shows that he did not discuss his questions systematically and that, having left the causes
of nature out of consideration, he has looked for the reasons of some particular effects and
in such a way his construction has no foundation (Descartes, Oeuvres, 11, p. 380).

Descartes’ last remarks are especially illuminating, as they clearly characterise as imperfec-
tions or even as major defects exactly those features of Galileo’s methodology (such as
disregarding first causes and strictly delimiting the domain of inquiry) which we have been led to
recognise as being the most pioneering among his intuitions. What Descartes is advocating here is
in fact a new philosophy of nature which is still of a fully metaphysical character, that is, that
pretends to grasp the intrinsic essence of the material world ‘as such’ and deduce from it the
particular features of physical events (as he has tried to do and pretended to have done in his
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the new physical science, especially as developed by Newton along the Galilean
pattern, which eventually led to the general acceptance of this pattern as consti-
tuting the new model of science.

When we speak of ‘concrete success’ we are not referring to technological
advances that the new science of mechanics was able to produce (indeed, these
technological applications originated mainly in the nineteenth century). We intend
rather to call attention to the impressive amount of systematic and uncontroversial

(Footnote 57 continued)

‘physical’ works). It is in a way only accidental that the principles of this philosophy were
mechanical rather than otherwise since they were the consequence of his well known partition of
the whole of reality into two fundamental substances, the res cogitans (the spiritual reality) and
the res extensa (the material reality). This is why, coming to the material world, he could
maintain that its essence reduces to extension and that, therefore, the science of extension (i.e.,
geometry) was sufficient for investigating it (“the whole of my physics—he said—is nothing but
geometry”) and for this reason he did not care about supporting his physics by means of
experiments and did actually claim that all the properties of physical entities (including living
beings) can be adequately accounted for mechanically, in an often ingenious but always aprio-
ristic way.

One might be inclined to think that this was due to the ‘rationalistic’ style of Cartesian
philosophy, but this is not true. A philosopher such as Hobbes, for instance, who is often
classified as an ‘empiricist,” always maintained the traditional thesis that “philosophy is the
science of causes” and could not feel satisfied with a kind of inquiry (such as that promoted by
Boyle and the members of the Royal Society) that was certainly interested in the causal structure
of nature, but was believed to uncover it through a accumulation of careful empirical records. For
Hobbes, a rationally founded knowledge of the causes from which knowledge of the effects could
be deduced was the condition for making a science and not a simple history of natural phe-
nomena. This is the reason why, in spite of being a ‘mechanistic philosopher’ and having spent
most of his life in England, he constantly and polemically refused the experimental method and
was never admitted as a member of the Royal Society. As with Descartes, we can say that he did
not accept that transition to a ‘non philosophical’ investigation of nature that (in the sense already
explained) constituted the core of the Galilean revolution.

This is not the case with regard to the ‘mechanical philosophy’ of Boyle and several other
thinkers at that time. The main difference between the often-conflicting positions among these
thinkers is perhaps that according to some of them the mechanical principles were rather of an
aprioristic nature, while for others they were ‘deduced’ from experience. For the latter it was
obviously much easier to take experience seriously into account, to be in a better position for
making their principles better tailored to the concrete features exhibited by the investigation, and
in such a way to confine the ‘metaphysical’ flavour of these principles to the role of general
regulative frameworks rather than prescriptive tenets. In particular, they were not taken as
expressing the essence of matter, but only certain widespread characteristics of natural phe-
nomena. Therefore, they had a limited scope in two different senses. First, in the sense of not
encompassing the whole of natural phenomena: Boyle, for instance, in the passage quoted above,
declares that “almost all sorts of qualities” (but not all qualities) can be causally explained
mechanically and, in other passages of his works, explicitly admitted that even an investigation of
final causes is legitimate in the domain of living beings and perhaps also elsewhere; and Newton
was open to the consideration of “active principles” different from the mechanical principles also
in certain domains of physics. Second, in the sense of refraining from giving to their mechanical
principles a ‘substantialist’ purport for they limited their scope to the domain of the “mechanical
affections” (as we have seen), that is, to a specific aspect of nature that was not claimed to
exhaust the whole even of single natural entities.
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knowledge this science was able to amass within less than a century, affording an
interpretation of nature in which a few principles were able to explain equally well
the acceleration of a falling body, the oscillations of a pendulum, the elliptic orbits
of the planets, and several other features of terrestrial and celestial motions. All of
this, moreover, was systematised with perfect mathematical rigour, and showed a
degree of universality and necessity which, far from reminding us of the frag-
mentary character of accidental knowledge, was endowed with what Aristotle
would have considered to be the best marks of an authentic apodictic science. In
brief, it rapidly became the case that, thanks to this new science, humankind had
come to know much more and much better about nature than in all its past history;
this is what we mean by concrete success.

This completed the revolution started by Galileo. He had promoted a form of
non-philosophical knowledge which, as such, was felt by many to be something
(or even much) less than scientific knowledge, the paradigm of science still being
considered at that time to be philosophy and, more particularly, metaphysics. After
the creation of Newtonian mechanics and its development in the eighteenth cen-
tury, the model or paradigm of science had changed. This kind of knowledge, and
no longer that afforded by philosophy, began to be considered to constitute science
in a proper sense, while at the same time it even became possible to ask whether
metaphysics is possible as a science. As is clear and well known, the terminus of
this maturation is to be found in Kant, whose Critique of Pure Reason clearly
indicates this change of paradigm, and is witness to the final victory that the
Galilean programme had scored over its rival.”®

A question which may now arise is: how far did the basic philosophical views
of Galileo remain unchanged in Kant’s conception of science, and which new
elements revealed themselves only with the advent of the transcendental philos-
ophy? This is not a peripheral question owing to the great influence Kant’s phi-
losophy had on the way of conceiving of science. Here we could answer that the
Galilean prescription not to ‘attempt the essence’ is fully retained in Kant’s
doctrine of the unknowability of the noumenon. Indeed, the very notion of the
noumenon expresses in the most significant way that idea of the essence which we

3 We are not going to provide more details on this point, which has been analysed in Agazzi
(1978). However, regarding the quite inadequate attention long paid by philosophers to the
methodological and epistemological claims of the ‘new science,” we should like to quote, as a
confirmation of our view, the following words of Rom Harré:

Not only have the arguments of Galileo been neglected, but there are also unique forms of
argument used by Newton which have neither been repeated nor criticised in the works of
professional philosophers since. Even Berkeley does not attack Newton’s philosophy but
Locke’s. This can hardly be because the arguments of Galileo and Newton lack merit, but
may be due to the fact, remarkable if true, that empiricism was advocated, condemned and
disputed by generations of philosophers who seldom, so far as one can judge, made
themselves thoroughly acquainted with the work of empirical science for which that
philosophy was the ultimate justification (Harre 1964, p.87).
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qualified as ‘incorrect’ in the preceding pages, for the noumenon is conceived as
the ‘thing-in-itself” which lies behind the phenomena and cannot be reached by
any inquiry. The notion of the noumenon is therefore a misleading notion (just as it
was misleading to conceive of the essence as the ‘core’ of reality to which acci-
dental properties are simply attached in a kind of extrinsic relationship). In
addition, the claim that the essence cannot be known is a purely dogmatic pre-
supposition which is even less well grounded than ‘attempting the essence,” since
Galileo represented such an attempt as a ‘desperate enterprise’ (i.e., as a practi-
cally unsolvable problem), while Kant clearly states, with no arguments to support
this claim, that the noumenon is unknowable in principle. This makes his pre-
supposition not only dogmatic but rather close to a flat contradiction, since to
affirm the existence of something undoubtedly means to include it inside the
domain of knowledge (otherwise how could we claim that it exists?). But this fact
forbids our saying that it lies outside our knowledge at the same time. This crit-
icism is of course the essence of the rejection of the idea of the noumenon made by
the idealist philosophers coming after Kant (especially Fichte and Hegel, and their
followers in the early twentieth century).>

3 Tt lies outside the scope of this book to enter into the discussion of such a difficult and
controversial issue as that concerning the genuine doctrine of the noumenon in Kant’s Critique of
Pure Reason. Also, the difficulty of such an analysis is increased by the fact that Kant himself
made substantial modifications to the doctrine in the second edition of his work without, however,
arriving at a coherent picture. Let us only mention, for example, that in the first edition the theme
of the noumenon is strictly connected with the doctrine of the “transcendental object which is not
in itself an object of knowledge, but only the representation of appearances under the concept of
an object in general, viewed as determinable through the manifold of those appearances” (A 250)
(hence it cannot even be thought of apart from the sense-data which are referred to it). But this
doctrine was completely eliminated, for some very intrinsic reasons, from those main sections
which were reformulated in the second edition, though it remained in some other sections of less
central importance. However the concept of the “transcendental object = x” transforms itself
into the notion of the noumenon as far as it plays the role of a limiting concept (Grenzbegriff)
which is indispensably involved in the constitution of human experience:

The concept of a noumenon is thus a merely limiting concept, the function of which is to
curb the pretensions of sensibility; and it is therefore only of negative employment. At the
same time it is no arbitrary invention, it is bound up with the limitation of sensibility,
though it cannot affirm anything positive beyond the field of sensibility (A 255, B
310-311).

This statement, appearing in both the first and second editions of the Critique, prepares the way
for the well-known distinction between the negative and positive meanings of the term noumenon
that is especially stressed in the second edition. Taken positively, the term means “an object of a
non-sensuous intuition” (which is an illegitimate meaning according to the “critical philoso-
phy”); taken negatively it only means “a thing so far as it is not an object of our sensuous
intuition,” and in this sense it tends to become indistinguishable from the notion of the unknown
“thing-in-itself.” This is already the case in the first edition, and is preserved in the second: “But
in so doing it [the understanding] at the same time sets limits to itself, recognising that it cannot
know these noumena through any of the categories, and that it must therefore think them only
under the title of an unknown something” (A 256, B 312). It is clear that, in such a way, Kant
is substituting the concept of a noumenon for the less definite concept of the “thing-in-itself.”
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But now we must try to see what the aspects of reality are that one’s knowledge
can reach. In the case of Galileo we already saw that they are certain special
affections of things and, more precisely, those real accidents which correspond,
roughly speaking, to quantitative or at least quantifiable features of reality. In the
case of Kant, we know that phenomena as he understands them are the only objects
of proper knowledge; and we can say that, at least to some extent, they correspond
to the Galilean ‘affections,’60 as contrasted with the ‘essence’ (though in a more

(Footnote 59 continued)

But this has far-reaching consequences, because it opens the way to admitting the existence of
unknown and unknowable “things in themselves” behind these “appearances.” Let us simply
quote a single passage (that appears in both editions) in which the object in itself, the tran-
scendental object, and the concept of appearance all coalesce within a few lines:

The understanding, in limiting sensibility, thinks for itself an object in itself, but only as
transcendental object, which is the cause of appearance and therefore not itself appear-
ance, and which can be thought neither as quantity nor as reality nor as substance, etc. (A
288, B 344; my italics).

In this way the assumption that things in themselves exist becomes explicit, despite Kant’s
greater insistence upon the impossibility of applying any of the categories to them. We can see a
double reason for this assumption (or admission). One is the natural conviction that the reference
of representations to objects must be their reference to things in themselves; the other is the view
(which goes back to Descartes) that it is by a causal inference that we advance from a
representation to its ‘external’ ground. Of course, in developing his critical teaching, Kant was
obliged to realise the serious difficulties involved in his more or less implicit application of the
categories of substance and causality outside the realm of the empirical objects which seemed to
be bound to the difference between appearance and reality. It is only in the Dialectics that this
distinction could be seen as something different from that between experience and the non-
experienced. However, we shall refrain from following this further development. That which we
have said thus far should be sufficient to explain in which sense Kant remains within the closed
circle of ‘epistemological dualism,” and to understand why his own work already contained the
intellectual requirements for an overcoming of his position. For a deeper analysis of this issue we
might suggest the very excellent discussion contained in Kemp Smith (1918), or the classical
work Adickes (1924).

0 Tt would be interesting (though lead us too far afield) to see how Kant preserves and at the
same time modifies the vocabulary of ‘affections.” We shall content ourselves simply with
sketching some lines concerning this issue, without giving quotations or references. The main
difference consists in the fact that it is not the object, but the knowing subject that is said to be
‘affected,” so that the traditional doctrine of the affectiones entis becomes a doctrine of the
affectiones cognoscentis. This affection regarding the knowing subject is sometimes expressed as
things in themselves affecting the I in itself, and sometimes as external things affecting, under the
form of appearances, the subject’s sensibility (which is therefore characterised by its
‘receptivity’). This latter is certainly the most stable doctrine in Kant, since he says that our
cognitive capacity is awakened by objects which “affect our senses,” and that the object is given
to us only as far as it affects our mind (Gemiit) by giving rise to perceptions. In other words, it is
central to Kant’s mature critical philosophy that intuition be bound to the senses and be based on
‘affections,” while concepts are bound to the understanding and are based on ‘functions.” These
features of the affections correspond in a way to the scholastic doctrine of the ‘external affection.’
But we find in Kant also a counterpart of the ‘internal affection,” since he says that the Gemiit may
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substantial sense this correspondence does not hold since Galileo’s ‘affections’ are
properties of things in themselves; they are “real accidents” in the sense of
accidents belonging to reality; Kant’s phenomena are not). We can therefore
conclude that, within the limits of an acceptable degree of approximation, Galileo
and Kant agree on their fundamental points: the essence of things (conceived of in
a ‘dualistic’ sense) remains fully outside the domain of science (i.e., of proper
knowledge); but this on the other hand does not prevent science from having a
domain of sound, fully significant, authentic and even universal and necessary
knowledge, which is the domain of the ‘phenomena.” (We can, without real
ambiguity, adopt this specifically Kantian term in the context of the more flexible
Galilean terminology.)

However, it is at this point that the Kantian and the Galilean conceptions can no
longer be assimilated, for they are incomparable as far as the foundation of the
legitimacy, adequacy and soundness of (phenomenal) scientific knowledge is
concerned. Actually, we can say that in the case of Galileo phenomenal knowledge
is reliable for two reasons: first, because both subjective and objective phenomenal
features (affections, accidents, and so on) are epistemologically accessible, while
essence is not; and second, because, as far as science is concerned, knowledge can
be had of objective ‘phenomenal’ features (the real accidents or the mathemati-
sable properties of real things)—which Kant considers impossible. In this sense
(as we have explicitly noted and stressed in the foregoing section) we can say that
there is an element of non-dualistic essentialism in Galileo which enables him to
distinguish between reality and appearance, and to say that at least some of the
accidents (those corresponding to the so-called ‘primary qualities’) do not belong
to appearance. If we confine our investigations to objective accidents we do not
reach the ‘essence’ in the most engaging (and mistaken) sense; but we do know the
essence of things, at least to some extent, in a correct sense. It is because of this
peculiar feature of certain privileged aspects of reality that, according to Galileo, a
natural science which limits itself to their investigation may be expected to attain

(Footnote 60 continued)

“affect itself,” and that reason may “affect our internal sense” in a way which is similar to that
according to which “something, which lies at the ground of external appearances” affects the
“external sense.”

This change of perspective is perfectly accounted for through the adoption of the epistemo-
logical dualism of which we have already spoken, and which led to the displacing of the core
from the object to the subject. However, since in such a way the dominant paradigm has become
that of the ‘external affection’ (which was explicitly defined as that “which comes to the subject
because of an external cause”), it was unavoidable that this external cause be surreptitiously or
tacitly implied. This is why Kant sometimes also maintains that the “thing-in-itself” affects the
subject (as has been pointed out by several scholars such as Riehl, Vaihinger and Adickes). But
since this creates difficulties with other parts of his doctrine (especially with his doctrine of
causality), already several of his contemporaries and immediate followers (e.g. Maimon, Jacobi,
Schulze, Fichte) rejected this possibility of an affection coming from the thing-in-itself, and in
such a way the very rejection of the thing-in-itself was prepared. This was performed by classical
German Idealism, and actually amounted to an overcoming of the epistemological dualism.
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the highest level of certainty, universality and necessity. These are characteristics
emanating from the subject-matter itself.®'

The position maintained by Kant is very different. He agrees with Galileo in
ascribing the first reason for the legitimacy of phenomenal knowledge to the
‘accessibility’ of phenomena as compared with noumena (though having a notion
of phenomena categorially different from that of Galileo, who never actually uses
this term); but then the justification of the most positive aspects of scientific
knowledge follows a new path. First of all, according to Kant, there is no way of
splitting phenomena into reality and appearance as Galileo had done, because both
are, in a way, appearance. The extremely engaging task for Kant was therefore that
of divesting appearance of all the negative connotations it had gathered during the
entire history of Western thought, during which it was very often identified with
error, illusion, or unreliable or mistaken belief. Moreover, the task was actually
that of showing that the realm of appearance was able to give rise to a kind of
knowledge in which universality and necessity were not only possible but
guaranteed.

Such properties, not being provided by particular features of the subject-matter
itself, were secured in Kant by means of the genial idea of the synthetic a priori. It
is the legislative action of our knowing power which unifies the phenomenal
appearances under certain structural patterns, such as those of space and time,
substantial unity, causal relation, and so on. In such a way, the real accidents of
which Galileo had spoken became instantiations and articulations of a particular
transcendental a priori function, either of our sensibility or of our understanding,
and this provided the basis for the universality and necessity of our knowledge. In
this sense it is correct to say that Kant’s transcendental philosophy accomplished
the task of providing the philosophical foundation of modern science—which had
been started by Galileo and developed by Newton—within the framework of the
dualistic epistemological presupposition, that is, the position that we aim at
knowing reality, but can only know our representations.

The most interesting feature in all this process might perhaps be seen to reside
in the fact that Kant was able to accept the claim that our knowledge is only
referred to appearances, without drawing what had been for centuries the obvious
conclusion of this assumption, namely that our knowledge would then necessarily
be subjective. (Let us remember that Galileo himself had discarded ‘appearances’
because they are subjective and disappear as soon as “the animal is removed.”)
Kant’s conclusion is in fact the opposite, for he clearly characterises such
knowledge, under certain conditions, as “objective” (objektiv).

We are led in such a way to the following point: in the case of Galileo, we can
say that the kind of knowledge proposed is objective because it has a pertinent
reference to objects, by pointing at some suitable privileged features of them. In

' Tt is precisely for this reason that the intuitions of Galileo and his contemporaries could
actually develop into a mechanical philosophy endowed with a metaphysical flavour of
exclusivity and reductionism, as we have already remarked.
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the case of Kant we have, on the contrary, an ‘objectivity’ without dependence on
any object, but which is based on the (transcendental) conditions of the cognitive
process itself. This has the collateral implication that while for Galileo the object
was given, and the construction of our mind concerned only (by means of con-
jectures and tests) the theory about it, in the case of Kant it is the object itself
which is constructed prior to every theoretical or even empirical investigation
concerning it. This is why, though Kant qualifies knowledge as ‘“objective”
because it is knowledge “of objects,” this claim has a new meaning, since it can no
longer denote something ‘existing in itself’ to which our knowledge refers.®?

We are now in a position to appreciate why the rather broad historical dis-
cussion we have developed in the preceding sections is by no means a digression,
but rather has much to do with the central topic of this book, that is, with the
structure of scientific objectivity. As a matter of fact, we began by remarking that
modern science has given up the pretence of affording true knowledge, by
restricting itself to providing simply an ‘objective’ form of knowledge; and we
traced this attitude back to the deception suffered by contemporary science at the
beginning of the twentieth century, when a radical crisis in what we now call
classical science occurred. If we now try to express the significance of that crisis
we could begin by saying that, owing to the euphoric optimism aroused by the
theoretical and practical successes of modern science, the intellectual attitude in
the nineteenth century had resulted in the adoption of the Galilean conception, that
is, in the assumption that through science we adhere to certain privileged features
of reality (the mathematisable or measurable ones), and that this enables us to
know some part of the real structure of the existing world. It was, to use the earlier
locution, objectivity as reference to objects.®

2 The various considerations we have devoted to Galileo in the preceding parts of this volume
have been put together (and slightly enlarged) in an article we devoted to the realist nature of
Galileo’s science. See Agazzi (1994).

% We could express this view by saying that the tremendous cognitive performance of
Newtonian mechanics during the eighteenth century had led scientists to the firm belief that
natural laws are the really existing objective patterns of reality, and that science is able to reach
this stable core of nature. This core cannot be reached by either the deceptive knowledge of
common sense, which is unable to master the riddle of superficial phenomena, or by the vacuous
efforts of speculative philosophy. Hegel himself refers to this “quiescent kingdom of laws”
which, however, he considers as a still unconscious manifestation of the Idea:

The difference is expressed in the law, which is the stable presentment or picture of
unstable appearance. The suprasensible world is in this way a quiescent kingdom of laws,
no doubt beyond the world of perception—for this exhibits the law only through incessant
change—but likewise present in it, and its direct immovable copy or image.This kingdom
of laws is indeed the truth for understanding; and that truth finds its content in the
distinction which lies in the law. At the same time, however, this kingdom of laws is only
the preliminary truth and does not give all the fullness of the world of appearance (Hegel
1807; English translation, p. 195).
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The above-mentioned crisis implied the elimination of this kind of objectivity
in the sense that no object seemed to be specifiable or even thinkable, and for a
while a kind of scepticism seemed to prevail, marked by the features of instru-
mentalism and conventionalism. Science appeared to have been brought back to
mere ‘appearances’ in the most radical and subjective sense of this term. (Think of
Mach’s analysis of perceptions and of his idea of the reduction of the content of
knowledge to this sole basis.) But, as we have seen, after an initial period of
discomfort, science became once again aware of its cognitive tasks, and tried to
justify its status as the provider of ‘objective knowledge.’

Now we can ask: what kind of objectivity was this meant to imply? Was it an
objectivity with reference to objects, or an objectivity without objects? It is all too
natural to answer that it could be nothing but an objectivity without objects (given
the situation which had just been left behind), but this leaves us with many other
questions. For we know of this kind of objectivity as it had been proposed by Kant,
but it does not seem (in spite of neo-Kantian philosophers’ being rather influential
at that time) that scientists were interested in subscribing to Kant’s doctrine when
qualifying their science as objective. Some Kantian touches are certainly to be
found, especially in the case of certain more philosophically minded scientists, but
it is by no means possible to maintain that the actual core of Kant’s view regarding
objective knowledge, that is, the transcendental function of the a priori, was the
basis accepted by scientists for expressing the meaning of scientific objectivity.
For this reason we would now like to explain in greater detail this contemporary
idea of scientific ‘objectivity without objects.’



Chapter 2
The Characterisation of Objectivity

2.1 Objectivity Without Objects? The Strong
and the Weak Senses of Objectivity

Before considering science in particular, let us note that a certain disengagement of
the notion of objectivity from the idea of object may already be found in ordinary
language. The meaning of the term “objectivity” seems primarily to be charac-
terised through an (indirect) reference to the subject rather than through reference
to the object. When one says, for example, that a certain judgement is objective,
that a certain inquiry has been led in an objective manner, or that a certain quality
is objectively possessed by something or by someone, one usually means that the
judgement, inquiry, or quality does not depend on the subject or subjects who
express the judgement, make the inquiry, or attribute the quality. In other words,
while subjectivity seems to be the first mark of our knowledge, it is also considered
as its worst defect, a defect with which humankind has struggled for centuries, our
ideal being a form of knowledge which, though inevitably acquired by various
subjects, is nevertheless independent of them in its validity.

But why should we care so much to have a body of knowledge independent of
subjects? The answer to this question gives us the key to understanding the
meaning of the phrase in the title: “objectivity without objects.” Indeed, it seems
to be constitutionally embodied in our minds (or at least in Western civilisation’s
mind) that the only way we have to check whether our efforts to know reality are
successful is to verify that the picture of reality we arrive at is ‘independent of the
subject,” that is, that other subjects agree with us regarding the veracity of this
picture. Note how artificial, in a way, this view is. The natural task of our knowing
is indeed that of ‘grasping’ reality; and, abstractly speaking, we should say that
such a goal is reached with the obtaining of ‘objective knowledge,” that is,
knowledge which matches that portion of reality that it is its purpose to match.
But, on the other hand, man seems always to be afraid of not being able to
complete such a task; and doubts regarding this matter come from the fact that
very frequently different persons, confronted with the same portion of reality,
describe it in different ways. The conclusion is easy: if different pictures are
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proposed concerning the same reality, none of them (or possibly just one) can be
‘objective,” that is, can ‘correspond to the object,” whereas all of them (with one
possible exception) must be considered as purely ‘subjective’—as expressing a
certain way of envisaging objective reality which is typical of some single
subject.’

All this is so simple that it seems even trivial, but it actually explains some
fundamental features of the concept of objectivity. As we have just seen, the
presence of different subjective pictures is meant to be sufficient to exclude any
one of them constituting objective knowledge. It follows then that a necessary
(though perhaps not sufficient) condition for objective knowledge is its being
‘independent of the knowing subject.’ It is not at all easy to say which additional
condition should be added to this necessary one, and this question has been
controversial for several centuries.” But the turning point should now be clear:
even if one accepts defining a piece of knowledge as ‘objective’ if it is a faithful
representation of its intended object, the main problem becomes that of having a
tool for ensuring whether some instance of knowledge has that precious property;
and the safest mark of its actually having it seems to be its being independent of
the subject. This explains the seemingly curious fact that objectivity has preserved
a kind of indirect characterisation, that is, characterisation through reference to the
subject, which, in principle, should have nothing to do with the notion of an object.

If we keep this indirect characterisation in mind, we may also obtain a better
understanding of certain features which, through the entire history of Western
philosophy, have been maintained as indispensable for any instance of purported
knowledge to be genuine: universality and necessity. We are faced here, once
more, with something unnatural, for every concrete act of knowledge has primarily

' We do not take into consideration here the special case of introspection, that would deserve an
ad hoc analysis.

2 The problem of being able to establish such additional requirements has been present in the
history of philosophy in the guise of the search for ‘criteria of truth,” and has constituted the core
of the debate about scepticism. Indeed, scepticism cannot be trivialised as being the doctrine
which claims that “truth does not exist,” or that “we are always wrong” (a claim which may even
seem self-contradictory, if it is proposed as a valid assertion). It is rather the doctrine which does
not believe in the possibility of finding criteria for overcoming the subjective aspect of
‘appearances.” This view was already advanced by the Greek Sophists and later by the sceptics of
the Hellenistic age (e.g. the Pyrrhonists such as Sextus Empiricus and the sceptical Academics
such as Arcesilaus and Carneades), who rejected the Stoic ‘foundationalist’ view of epistemology
according to which it is possible to identify those appearances (phantasia) which deserve our
assent with certainty. With the rediscovery in the sixteenth century of the writings of Sextus
Empiricus, the arguments of the Greek sceptics found wide circulation in the philosophical
community, and determined the so-called crise pyrrhonienne of the early seventeenth century.
This crisis was of concern to people such as Montaigne, Descartes and their influence eventually
reached Hume through the mediation of Bayle and others. But scepticism, understood in this
sense, did not disappear from philosophy after this. We may note that we have spoken of
objective knowledge rather than frue knowledge, since truth is more properly considered a
property of judgements and propositions. Knowledge may never be false in a proper sense,
although truth has much to do with objective knowledge, as we shall see in the sequel.
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to do with single experiences, with individually localised facts and things.
Moreover, if we think of an ‘object’ in general, it always appears to be an indi-
vidual, strictly bound to its particular features and to its location in space and time;
it appears, in a way, as exactly the opposite of something which might be con-
ceived of as perpetually established, as unaffected by change in space and time.

Where does this strange idea arise from, i.e. that an instance of knowledge, in
order to be objective, must have the properties of universality and necessity? Let
us limit ourselves to two main lines along which this doctrine has developed. The
first concerns ontology: the Eleatic discovery that being as such cannot be affected
or limited by non-being seemed to entail that every single determination of reality,
every portion of it, was obliged to share this fundamental characteristic and, as a
consequence, not to undergo the fate of mutation (which would be its turning from
‘being’ to ‘non-being’). So every ‘object,” since it shares the general features of
being, must be conceived of as something that has always been and always will be
exactly as it is in any arbitrary moment of its existence (which means, to put it
differently, that every objective determination is necessary and universal, as we
have said). But, against this a priori established immutability of reality (which
seems an indispensable condition for thinking of reality in a consistent way),
experience shows change to be a general feature of the world. The solution of this
difficulty is well known: the Eleatics confined change to the illusory ‘opinion’
(doxa) of sense perception, while considering pure reason as being able to attain
the ‘truth’ (alétheia) concerning immutable reality. (It may be noted that the
previously discussed doctrine of essence as an immutable substratum lying
beneath a layer of mutable ‘accidents’ is directly related to this picture of reality;
note also that a first solution to this problem, though set by the Eleatics, was
proposed by the atomists).

This solution would not be of particular interest for us if it were not for the
linking of this ontological way of thinking with the second line mentioned above.
This line leans towards the side of knowledge: an object, we could say, is
admittedly something individual and sharply localised in space and time. But there
is some justification for considering our ‘knowledge’ of it actually to be knowl-
edge only if that ‘knowledge’ appears to be ‘independent of the subject,” that is, if
it is valid for every knowing subject (‘universal’) and (‘necessarily’) the same for
all such subjects.

It is easy to understand that “universality” and “necessity” are not meant in the
same way according to the two different lines of thought. The first meaning, which
refers to the permanence of the ontological structure, gives to the idea of uni-
versality a connotation of spatio-temporal immutability, whereas the second
meaning simply refers to a uniformity of appreciation by different knowing sub-
jects, and no spatio-temporal feature is involved.

Although these conceptions of universality and necessity were, and are, distinct,
a practical confluence of both took place in the history of philosophy, and they
helped one another to attain the status of being the distinguishing marks of
objectivity. To express this fact synthetically, we could say that the ontological
structure of the object, as well as the warranties of our having sound knowledge of
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it, have stressed the two characteristics of universality and necessity as the out-
standing and fundamental marks of objectivity. And all this has happened in spite
of the fact that objects manifest themselves as individuals, and that knowledge
develops primarily as a result of unique experience.’

Let us now consider the knowing activity as such of any person. It is certainly
undeniable that such an activity is intrinsically characterised by the aim of being
objective in the sense of being able to ‘capture’ the real features of objects. As a
result of the foregoing discussion, we must say that, if it is successful in this
enterprise, then it must result in something universal and necessary; and this is
tantamount to saying that universality and necessity conjointly appear as a nec-
essary condition in order that a form of knowledge be objective.

We have here a situation which is strictly parallel to the one we recognised
earlier concerning the ‘independence of the subject.” There too we noted that such
a feature appeared, first, as a consequence, that is, as a necessary but perhaps not
sufficient condition for objectivity. The interesting fact is now that these three
features (independence of the subject, universality and necessity) not only appear
to be consequences of objectivity understood as reference to objects, but are also
logically interrelated. This consideration will prove fruitful in our subsequent
investigations.

Should we wish to label these three characteristics in a different way, we might
say that they belong to the formal aspect of objectivity, the substantial aspect
being represented by the ‘reference to the object.” From this it follows that
whenever one is in the position to claim that a certain feature is objective in the
stronger and much more engaging substantial sense, one may easily obtain as a
consequence that this feature is also objective in the weaker and less engaging
formal sense of being independent of the subject, necessary, and universal. The
reverse is, strictly speaking, not true, as simple formal logic immediately reveals.
If a certain feature happens to enjoy the formal characteristics of universality,
necessity and independence of the subject, one is not entitled to claim on this basis

3 A significant step in this direction was already taken by Plato . While the Eleatics had separated
opinion from truth, Plato recognised that we can have “true opinions” (or, as he more often says,
“right opinions”), and the question becomes that of distinguishing opinion—including true or
right opinion (i.e. alethe doxa or orthe doxa)—from authentic knowledge (episteme). The answer
given in the passage of the Meno where he debates this issue is that authentic knowledge consists
in stabilising the fugitive truth of right opinions by the solid links of arguments capable of
providing its reasons or “causes” (Meno, 97-98a). In such a way universality and necessity
appear to be the distinguishing marks of authentic knowledge, and are in a way more decisive
than truth itself, since truth alone (which may be understood as a correspondence to the object)
may also be possessed accidentally by simple (right) opinion (which, from a practical point of
view, is equivalent to knowledge). A powerful development of this Platonic doctrine (to which
Plato himself has abundantly contributed, especially in the Theaetetus) was realised by Aristotle
(especially in the Posterior Analytics), for whom authentic knowledge has to be not only true, but
also endowed with universality and necessity, which are granted by suitable forms of rational
argument. Since then, in many streams of Western thought, universality and necessity (in
different forms and with different degrees of strength) have never ceased to characterise the
notion of authentic knowledge. (For the Meno passage mentioned above, see Plato, pp. 380-382).
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that this state of affairs is a consequence of the fact that this feature is substantially
inherent in the object, nor that it entails such a fact.

After having labelled as formal (or weak) and substantial (or strong) these two
senses of objectivity, we must note that the weak sense gradually became the only
one to be taken into consideration within the theory of knowledge. This has meant
that, after a time, the formal characteristics came to be thought of as sufficient
warranties for objectivity or, if one prefers, that the formal characteristics became,
in a way, substantial as well. This process was already completed in Kant’s phi-
losophy. For him, ‘objective’ simply means universal and necessary and, hence,
independent of individual subjects; and he gives no particular reason for this
identification, which seems to him obvious. But for us it is not difficult to
understand the historical reasons for the identification. Kant appears at the end of a
long process in Western philosophy, during which the problem of knowing reality
in the strong sense of objectivity showed itself more and more to be hopelessly
unsolvable. With Kant, any hope in this direction is explicitly relinquished, and he
denies that the object in the ontological sense may be known. It is just a thinkable
‘noumenon’ which our knowledge does not reach. By this point, it was no longer
reasonable to keep the strong sense of objectivity alive, for all its meaning was
confined to the weak sense.

As is clear, the reduction of the entire sense of objectivity to its ‘weak’ com-
ponent was simply a consequence of the ‘dualistic epistemology’ we have dis-
cussed in earlier sections. It was thanks to this prejudice that this reduction did not
appear to be a simple logical mistake (namely, of taking a necessary condition as
also being sufficient) but simply to be the consequence of a matter of fact (i.e., the
impossibility of ever fulfilling the requirement of the ‘strong’ sense of objectivity).

If we now consider science in particular, we might say that one can see in the
history of modern science a kind of summary of the general diversity we have
sketched for the concept of ‘objective knowledge.” Starting with Galileo, science
has been considered as providing objective knowledge in the strong sense because,
as we have seen, it was supposed to be directly concerned with certain intrinsic
(even if no longer essential) properties of things. With very few exceptions, this
conviction remained deeply rooted in the minds of working scientists, as well as in
the general outlook of common sense, until the end of the nineteenth century.
Meanwhile philosophy, on the other hand, had made a transition from the ancient
conception of strong objectivity to the new conception of weak objectivity.
Towards the end of the nineteenth century, and more substantially with the
beginning of the twentieth century, something analogous to the loss of confidence
in the possibility of ‘reaching the object’ took place in science as well, reproducing
in a way the situation which, in philosophy, had occurred during the period
between Galileo and Kant.*

“ Rather than relativity theory, it was quantum mechanics that involved the said doubt regarding
the capability of science to attain its intended objects. The reason is that while in classical physics
it was not only ideally, but also concretely, possible to introduce a separation between the object
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The acme of this crisis paralleled the Kantian assumption of the unknowability
of the noumenon, and was expressed in terms of a widespread scepticism con-
cerning the authentic cognitive power of science. The overcoming of the crisis
finally consisted in the shaping of a new criterion of scientific objectivity, which
was a weak one, as it no longer presupposed a reference to objects (it is the

(Footnote 4 continued)
of study and the instrument used to investigate it, this was no longer possible in quantum physics,
as was clearly stated, for example, by Niels Bohr. He recognised, on the one hand, that:

The discussion... thus emphasized once more the necessity of distinguishing, in the study
of atomic phenomena, between the proper measuring instruments which serve to define the
reference frame and those parts which are to be regarded as objects under investigation
and in the account of which quantum effects cannot be disregarded (Bohr 1958, p. 228),

but at the same time he stressed:

The impossibility of any sharp separation between the behavior of atomic objects, and the
interaction with the measuring instruments which serve to define the conditions under
which the phenomena appear (ibid., p. 210).

From these remarks, only a short step was needed to come to the idea of the impossibility of
speaking, at least in the new science, of an ‘independent reality.” To begin with, this may be
expressed as the conviction that ‘ordinary perception’ becomes useless at the atomic and
subatomic level:

The very recognition of the limited divisibility of physical processes, symbolised by the
quantum of action, has justified the old doubt as to the range of our ordinary forms of
perception when applied to atomic phenomena. Since, in the observation of these phe-
nomena, we cannot neglect the interaction between the object and the instrument of
observation, the question of the possibilities of observation again comes to the foreground.
Thus, we meet here, in a new light, the problem of the objectivity of phenomena which has
always attracted so much attention in philosophical discussion (Bohr 1934, p. 93).

But then this becomes a much more general epistemological thesis in which the possibility of
objectivity intended as the grasping of an ontologically given object seems to be precluded not by
the constitution of our minds, but “by nature herself”:

The discovery of the quantum of action shows us, in fact, not only the natural limitation of
classical physics, but, by throwing new light upon the old philosophical problem of the
objective existence of phenomena independently of our observation, confronts us with a
situation hitherto unknown in natural science. As we have seen, any observation neces-
sitates an interference with the course of the phenomena, which is of such a nature that it
deprives us of the foundation underlying the causal mode of description. The limit, which
nature herself has thus imposed upon us, of the possibility of speaking about phenomena
as existing objectively, finds its expression, as far as we can judge, just in the formulation
of quantum mechanics (ibid., p. 115).

We have here some of the earliest and clearest formulations of the ‘Copenhagen interpretation’
of quantum mechanics, which has dominated the philosophical interpretation of the discipline for
decades. It is interesting, however, to note that no flavour of subjectivism is implicit in the
passages quoted from Bohr. This means that the problem of an ‘objectivity without objects’ was
perceived as a kind of logical necessity exactly because it was a way of rejecting subjectivistic
conclusions. For a valuable discussion of Bohr’s philosophical position, studied in connection
with the intellectual environment of Bohr himself, see Faye (1991).
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‘objectivity without objects’ about which we have spoken in this section).” The
qualification of this as a weak form of objectivity implies that certain alternative or
formal features were proposed for characterising it. As a matter of fact, this
actually occurred, and we might even say that these features were similar to the
characterising marks of independence of the subject, universality, and necessity
which we have considered in the general case of objective knowledge. It is rather
obvious, however, that these marks should themselves receive some more specific
and technical characterisation in the case of science, as they actually did. It will
therefore be our next task to indicate some of the most significant of these current
interpretations of scientific objectivity, especially those which appear in the
thought of scientists.®

2.2 Some Ways of Qualifying Scientific Objectivity

We shall not attempt any kind of complete presentation of the different meanings
of “scientific objectivity” one can find in the specialised literature, for our pur-
pose is not a documentary or historical one, but simply that of presenting a
theoretical discussion and analysis, which is much better served by the consid-
eration of a few significant examples. For the same reason, we are not going to
become involved in the much-debated question of the subjectivist interpretation
of modern science, which has developed in a non-negligible manner in physics
due to certain authoritative subjectivist interpretations of quantum theory and of
the role played in it by the ‘observer.” We shall not deny, in other words, that
there have been and still are subjectivist interpretations of modern science.
Rather, we point to the fact that the majority of the interpretations favour an
objectivist view of science, and we shall try to determine what is usually and most
significantly meant by this.

The most widespread sense of objectivity is undoubtedly that which identifies it
with intersubjectivity.” One could say that this is the sense prevalent among

5 Tt is not without interest that this distinction between ‘weak’ and ‘strong’ objectivity, which the
author of this work has being proposing for several decades, has been adopted by certain
physicists interested in the epistemology of their science, such as, for example, Bernard
d’Espagnat.

S The consideration of the specifically scientific ways of characterising the nature of objectivity
is of great significance for the general philosophical treatment of this complex issue. Indeed, it is
the ‘specialisation’ of the concept of an object that is taking place in science which has produced
several consequences in modern and contemporary philosophy. As V. Mathieu remarks, “Science
has specialized the concept of an object more and more, and has given such good reasons for its
way of proceeding that philosophy would have never been allowed to ignore the new situation,
even if it had not been able to find these reasons by itself (what it has done instead, especially in
the case of Kant)” (Mathieu 1960, p. 15).

7 In order to avoid misunderstandings, let us explicitly state that the term “intersubjectivity” will
be used throughout this work as meaning a property of propositions, judgements, theories and
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working scientists—scientists who are constantly in the position of considering
and experiencing science as a public discourse. For them, the need of mutual
information, the practice of international co-operation, the exchanges between
specialists of related fields, the usefulness of reciprocally testing experiments and
computations and of comparing theoretical viewpoints are to such an extent the
very essence of their activity that the objective character of scientific statements
must appear to coincide with the features of intersubjectivity. They see further
requirements, connected with the question of the actual correspondence of sci-
entific statements with the intrinsic structure of an underlying reality, as never
offering themselves for real consideration (except, perhaps, at a theoretical level,
but even in this case intersubjectivity should be the criterion for evaluating the
soundness of the theoretical arguments). Only if one were to cease being engaged
in the proper work of research, and to start considering it ‘from the outside,” might
one feel interested in problems of that kind. But even then one would probably see
no reason for looking for further requirements that objectivity should meet in order
for it to be suitable for science. This means that even if other kinds of objectivity
can be envisaged from a more general philosophical point of view, these alter-
natives are often considered to be of little interest with regard to the sort of
objectivity that matters in science (though, of course, they cannot be considered
irrelevant for a ‘philosophy of science’ whose aim is, among others, that of
qualifying the special nature of scientific objectivity).

This attitude (which we have briefly sketched as expressing the view of science
as a form of ‘public’ discourse) may be manifest in a variety of forms whose
important feature for us is the identification of objectivity with intersubjectivity, a
feature which all of them share. Here we can easily recognise the requirement
of being ‘independent of the subject’ (which we have already suggested to be one
of the most typical ways of characterising objectivity). Such a prerequisite is, of
course, presented in a much more sophisticated way, in the sense that several
criteria are now offered to secure this independence, but the substance remains
essentially unchanged.®

(Footnote 7 continued)

knowledge in general. Therefore it must not be confused with the situation in which people are
confronted with the problem of communicating among themselves. Intersubjectivity in this
second sense is a much-investigated problem in contemporary philosophy, and it clearly has a
flavour which we could call existential, while our sense of “objectivity” is more abstract, and has
a specifically epistemological connotation. Just as an example of an approach to intersubjectivity
of this second kind let us mention Husserl (1973).

8 We shall limit ourselves to a couple of outstanding examples of the characterisation of
scientific knowledge as intersubjective knowledge that have been given by scientists. Indeed, it
would not be difficult to find a good deal of evidence for such a characterisation in several
philosophical doctrines. These include Frege’s uninterrupted fight against “psychologism” so as
to vindicate the “objectivity” of the contents of thought and of logic, Husserl’s efforts to
overcome the privacy of the individual subject’s knowledge through phenomenological
reduction, Carnap’s efforts to grant an intersubjective status to science by means of a strictly
syntactic and formal interpretation of science itself, capable of counterbalancing “methodological
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(Footnote 8 continued)

solipsism,” and Popper’s explicit reduction of objectivity to intersubjectivity. The presence of
this preoccupation among philosophers of such different persuasions indicates how contemporary
philosophy has been compelled to find remedies for the consequences of modern philosophy’s
discovery of subjectivity. However, since these philosophical doctrines are well known (and since
we shall have the opportunity to refer to some of them in the sequel), we prefer to quote, instead,
a few significant testimonies provided by scientists.

The first example is that of Henri Poincaré, who indicates intersubjectivity as the characterising
mark of what he has already called the “objectivity of science.” What is particularly interesting is
that he develops this view in a section of his work which has “The Objectivity of Science” as its
title, which is included in a chapter of his book The Value of Science (Poincaré 1904) entitled
‘Science and Reality,” which in turn belongs to the concluding part of the book, “The objective
value of science.” Therefore we can say that for such an outstanding ‘working scientist’ (no less
than a serious philosopher of science) as Poincaré, the value of science was identified with its
objectivity; and this was itself identified with the existence of an intersubjective agreement (this, of
course, does not eliminate the fact that Poincaré was a positivist and, as such, inclined to under-
estimate other reasons for which science is ‘valuable’; in particular its contribution to the under-
standing of reality). “Such, therefore,” he says “is the first condition of objectivity; what is
objective must be common to many minds and consequently transmissible from one to the other,
and as this transmission can only come about by ‘discourse’ ... we are even forced to conclude: no
discourse, no objectivity” (Poincaré 1904, p. 136) . He then notes that the privacy of our sensations
makes them non-transmissible, so that “all that is objective is devoid of all quality and is only pure
relation” (p. 136). This is why, the aim of science being that of obtaining objective knowledge, the
enterprise must be confined to the investigation of relations: “Science, in other words, is a system of
relations” (p. 137). This restriction is far from diminishing the value of science, since it is the
foundation of scientific objectivity: “To say that science cannot have objective value since it
teaches us only relations is to reason backwards, since it is relations alone which can be regarded as
objective” (p. 137). Developing these ideas, Poincaré maintains that the intrinsic nature of things
cannot be objectively determined, and in this sense he partially denies what we have called the
‘strong’ sense of objectivity, for he accepts that science concerns primary qualities (measurable
properties); what he is against is the postulation on the part of theories that there exists a deeper
reality responsible for that of the primary qualities. He accepts realism (wittingly or unwittingly) on
the empirical level, but not on the theoretical. However, he is a ‘realist,” for he argues that, while we
must say that science cannot inform us of “the true nature of things,” it allows us know “the true
relations of things” (p. 138), and these relations are grasped in a way that reveals their cogency and
permanence, and this is a characteristic which we commonly advocate when we claim that certain
objects of ordinary experience are real. Therefore, the characteristic of being real cannot be denied
to those systems of relations which are the object of science. In fact—he notes—scientific change
concerns ‘theories’ which aim at expressing in some way the intrinsic nature of reality, but does not
affect the scientific laws expressing the said relations (pp. 138-140).

Our second example is that of N. R. Campbell who in Chap. 1 of his Physics: The Elements
(1920) explicitly distinguishes science from other kinds of knowledge through the characteristic of
“universal assent.” He does not claim that this criterion is “ultimate,” but says that “the truly
ultimate is one that is scarcely capable of precise expression” (p. 15). In particular he does not
dogmatically reject the legitimacy of “metaphysical” investigations concerning the foundations of
science (which he actually approaches, for instance, in Chap. 9), but explicitly recognises that they
are of a different nature with regard to the rest of his methodological investigation. Therefore,
despite the fact that he does not use the term “objectivity” or “objective knowledge,” one must say
that the whole of his book clearly expresses a view of science as providing intersubjectively valid
knowledge (as well as ‘intellectual satisfaction,” the ‘ontological’ side of which remains rather an
open question).
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As noted earlier, the requirement of being independent of the subject was
demanded of objectivity for certain epistemological reasons. But we also noted
that some other characteristics (although still of a formal nature) were proposed on
the basis of reasons which are of a more ontological flavour, namely those of
universality and necessity. Does one find such requirements still attached to the
modern concept of scientific objectivity?

At first sight, one might be inclined to believe that modern science has aban-
doned any claim to such engaging characteristics, for—as many philosophers of
science have claimed—science has accepted that each of its statements might be
found wrong, that every determination, even of scientific data, is always subject to
revision, that the scope of every law is limited, and so on. But if one does not stop
at the most superficial meaning of these statements, one can find that the question
is not that easy to answer. One could observe, for example, that scientific laws are
conceived of as being universally valid within their domain of application, though
this may be a very restricted one (as we shall closer consider in the sequel).

Though we do not wish to discuss this very general point now, we would like to
stress, for the moment, that there exists a feature, advocated by many to be a
genuine mark of objectivity, which is directly reminiscent of the old requirements
of universality and necessity: invariance. Among the scientists who have insisted
on this principle, Max Born may be particularly prominent.” According to this
point of view, the main feature of our coming in contact with the objects of our
experience is that we can describe them in different ways, depending on the
various frames of reference we adopt for recording our observations. All these
descriptions are indeed different from one another, but it turns out that these
different ‘projections’ of the same object can be submitted to certain transfor-
mation rules which constitute groups in the mathematical sense of this word; and
these groups admit of invariants. Now, while it would not be reasonable to pretend
that all different projections are objective (because they are different) it seems very
reasonable to reduce objectivity to this core of invariants which are preserved
under the various points of view. One may remark that this meaning of objectivity
is at least implicitly understood, in a way, in the theory of relativity. It is true that
no ‘privileged observer’ is admitted by this theory, and there are no physical
measurements which may be considered independent of the system of co-ordinates
to which they are referred. But, on the other hand, this ‘relativity’ is not at all the
‘final stage’ of physical investigation, but rather the point of departure which must
in a way be overcome. Actually, the aim of the theory of relativity is to find a

(Footnote 8 continued)

While we shall only occasionally and briefly hint at Poincaré’s thoughts in the sequel (because
he presents them very sketchily, in spite of their being particularly sound), we shall give a much
more detailed account of Campbell’s position in the notes of the Sect. 2.3.
® Max Born is perhaps the most convinced supporter of the identification of objectivity with
invariance. Some of his considerations in this regard may be found, for example, in Born (1956)
(see especially the essay ‘Physical Reality’) and Born (1964) (particularly p. 725 and Appendix 3:
‘Symbol and Reality’).
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formulation of the basic physical laws which is invariant with respect to all ref-
erence frames in which magnitudes are measured.

When we discussed the conceptual foundations of the traditional requirements
of universality and necessity, we found that they were grounded on the basic
permanence of the structure of reality. It seems that something of this kind is at
work here as well, for invariance seems to be the characteristic closest to the idea
of ‘not undergoing mutation’ which used to be advocated by traditional ontology.
However, the requirement of invariance (that, strictly speaking, must be articulated
as an invariance of form and invariance of substance, both of them being actually
at work in science) is very often reduced to something formal that does not
necessarily entail ontological commitment.

In order to see this, it suffices to consider that invariance (as formulated in
explicit and exact terms by modern physicists) is a property of the mathematical
formulation of the observed phenomena rather than of the phenomena themselves.
In mentioning this objection we are actually implicitly posing the question of
whether the identification of objectivity with what we have called ‘weak’ objec-
tivity can be maintained as completely satisfactory, and this does not seem always
to be the case. In order to see this, we should remember that weak objectivity
primarily expresses the epistemological side of objectivity, and therefore stresses
those characteristics which are least reminiscent of any ‘reference to objects,” that
is, universality and necessity, the uncoloured neutrality of which made them the
most natural candidates for summarising such an ontologically uncommitted point
of view. But, if we look at further efforts to qualify scientific objectivity which
have been made by certain scholars, we can see that a much wider spectrum of
characteristics, which come close to those of intersubjectivity and invariance, have
been suggested.

A list of such characteristics, which an author such as Margenau qualifies as
‘metaphysical requirements,’ is the following: logical fertility, multiple connec-
tions, stability, extensibility, causality, simplicity and elegance. They come into
play when the question is not so much that of ensuring the objectivity of some
single empirical determination (for which intersubjectivity and invariance, inter-
preted as uniformity of recording using standard instruments, suffice), but rather
the objectivity of certain theoretical or intellectual constructs. In these cases the
simple ‘verification’ of the theoretical construct, which might seem at first sight to
provide the most adequate tool for discriminating objective patterns from sub-
jective imagination, proves insufficient, and a suitable combination of some or all
of the above listed ‘metaphysical requirements’ must be used in order to make a
choice between conflicting views.'”

Let us focus on a general feature that these ‘metaphysical requirements’
have in common. These requirements are, in a way, still ‘formal,” or at least

19 Just as we did not present the details of the conception which identifies objectivity with
invariance, we shall not illustrate these further criteria here, preferring to refer the reader to the
literature where they are presented in an excellent and detailed form. See especially Margenau
(1950), Chap. 5.
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‘methodological,” since they concern features that must be possessed by state-
ments, or by systems of statements, considered in themselves. Yet at least some of
them are also clearly endowed with an ontological flavour: multiplicity of con-
nections, stability, extensibility and causality, for instance, are patently some of
the most usual criteria indicating the presence of some sort of concrete ‘substra-
tum.” This could thus mean that, despite the fact that the scholars who give special
credit to these requirements explicitly avoid giving an ontological meaning to
scientific objectivity, they are nevertheless expressing a certain shift towards a
particular conception of objectivity in the ‘strong’ sense, that is, towards objec-
tivity conceived as reference to an object proper.

If one tries to understand why these scholars incline towards recovering the
strong sense of objectivity, but actually only move half way in this direction, one
will find that ‘epistemological dualism’ or ‘representationalism’ is once again
involved. A few lines from a paper by Margenau and Park afford a good picture of
the situation: “Not many scientists,” they say “let alone quantum physicists, are
naive realists. For if one seeks the objective, understood as the cause of sensations,
in the things that appear in sensation, one’s research is at once led beyond
appearances, since even the simplest scientific observations show that things are
not as they are perceived.”'! Here the idea of the object as something which lies
hidden behind the appearances, an idea which we have already seen to be typical
of epistemological dualism, is clearly recognisable. After an analysis of the dif-
ficulties involved in the effort of digging out the objects from ‘behind the
appearances,” the two authors conclude: “We therefore dismiss ontological
objectivity from further consideration.”'?

One could, however, raise the question whether a more effective way of
avoiding the serious drawbacks connected with the dualistic presupposition would
not be that of dropping it altogether. Thus, if one were not to conceive of the object
as ‘something’ unknown lying ‘behind’ our experiences—an entity which only
reveals certain indications of its presence—it might prove possible to rescue a
correct and satisfactory ontological interpretation of scientific objectivity. But this
is a question which will be our concern later in this work.

However, even without giving special importance to this dualistic presuppo-
sition, which actually operates on an implicit rather than explicit level, we may
note that the epistemological and the ontological sides of the problem of objec-
tivity are intrinsically involved in the general attitude contemporary science has
adopted towards its subject-matter. In fact, for contemporary science, the object is
not so much something that must exist as something that must be known. This
point certainly concerns one of the central methodological choices of modern
physics. When Einstein started his analysis of simultaneity, which was to lead him
to the relativisation of this notion and, more generally, of time itself, he discarded
the common-sense view (which was also the view shared by professional

""" Margenau and Park (1967b), p. 101.
12 Op. cit., pp. 163-164.
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physicists up to his time) according to which events are or are not simultaneous,
and went on to examine how we can know whether they are simultaneous. The
relativity of simultaneity which he found did not concern the illusory simultaneity
of two events ‘as such,” but the simultaneity that we can physically ascertain (i.e.,
by means of physical measurements).

Quantum theory, as is well known, adopted a similar attitude. Only measurable
quantities are admitted, so that even when two situations are conceptually distinct,
they are considered to be one and the same situation if they cannot be distin-
guished by the tools admitted in the theory. This, for instance, is evident in the
case of probabilities concerning the location of particles. Also, if one considers
operationalism one can see that the same requirement was at the root of some of its
strongest claims. The denial of any scientific concept’s having a permanent and
universal character was explicitly bound to the postulate that we must confine
ourselves to affirming only what we really know; and, in the case of the exact
sciences, this reduces to what we are able to measure; hence the programme of
identifying concepts with measuring operations.

This concentration on the idea of being known inevitably leads to attributing a
kind of privilege to the epistemological aspect of scientific objectivity, for the
locution is clearly elliptical, and its easily understood complement may be
expressed as ‘being known to or by someone.” In such a way the reference to the
knowing subject seems unavoidable and, as a knowing activity is necessarily a
first-person activity, the risks of subjectivity become immediately apparent. Thus
we are led to the efforts considered in the preceding pages to avoid this danger by
overcoming subjectivity through such tools as intersubjectivity and invariance.

Are these tools completely satisfactory? The answer seems to be in the nega-
tive; and if we wish to investigate the reasons for this dissatisfaction we might find
a first indication by considering another sense in which the expression given above
is elliptical. Indeed the notion of being known is elliptical not only, so to speak, on
its right hand side, but also on its left. To state what is meant completely, we
should say: “the being known of something by someone.” It turns out from this
remark that, although the object must be primarily conceived of as something that
must be known, it must still be something, i.e. it must exist. This explains why, in
the effort to better characterise objectivity, certain requirements had to be set
which clearly show traces of this ontological side of the issue.

At this point one might say that we are confronted with a small puzzle; and,
actually, we cannot hope to go on without analysing a concept which, strangely
enough, we have not really taken into consideration yet. As a matter of fact, we
began our considerations by observing that the concept of objectivity is always
characterised in an indirect way, that is, by reference to the subject, instead of by
direct reference to the object. But, after having followed the line indicated by this
consideration, we find at last (which is rather sensible after all) that we cannot
reasonably go on speaking of objectivity without a better determination of the
concept of object.

We have said that our having spoken for so many pages about objectivity
without concerning ourselves with making the notion of object precise was
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somewhat curious. This is true, but we must not forget that in our discourse we
have tried to follow the line of thought which is largely prevalent among scientists
and philosophers of science today, who usually are partisans of a view involving
an ‘objectivity without objects.” In following this line, we actually discovered
many features that have been put forward for qualifying objectivity, which are
hardly justifiable without accepting a kind of hidden nostalgia for the object. It is
therefore all too natural to ask the question whether this notion of the object is
simply a skeleton in the closet which must be removed at least for reasons of
intellectual clarity, or whether there are more explicit or clearer indications that
this concept has an accepted circulation in the vocabulary of science.

Brief reflection shows that it indeed has such an accepted circulation, namely
when scientists, philosophers of science, and even laypersons say that every sci-
ence is characterised by its own domain of objects. Moreover, it is customary to
recognise that one of the main features which distinguish science from everyday
discourse is precisely the fact that science always envisages only a restricted and
specific domain of objects. But it is also clear that, in such a way, a characteris-
tically ‘referential’ way of speaking is being adopted in the case of science, and
this means that scientific language is considered not only to be a tool which is
common to certain people, but also as being about something. This is perhaps the
most direct symptom we have of the permanence of an ontological side in the
notion of scientific objectivity, and this is why it is at any rate sensible, useful, and
perhaps necessary, to devote some attention to the concept of a scientific object.

2.3 An Analysis of the Concept of Object

We shall begin to explore the concept of object by considering the use of the term
“object” in everyday language. Easily recognisable within that context is the idea
of an object as that of an individual being, of an ontological entity, of a portion of
reality with which we are confronted. One might say that this is just a naive
common-sense notion which is uncritical or misleading. However, this notion is
fundamental in an important sense, namely, in that we cannot help starting from it,
if for no other reason than because we too necessarily share that meaning in all our
everyday conversations with other people, and because this remains, after all, the
most immediate meaning we feel inclined to attribute to the concept. This fact, of
course, does not prevent us from developing the analysis of this notion far beyond
the simple connotations it receives within the context of common sense.

In any case, an important feature is already implied in this original conception
of the object as an existent, namely that it must be the same for all subjects who
know it by acquaintance. This is a consequence of the fundamental character of
reality, which was already stressed by the Eleatic School when Parmenides
recognised that the only way of specifying the notion of being is to understand that
it simply means the opposite of non-being. It is therefore intrinsically impossible



2.3 An Analysis of the Concept of Object 65

that something real, something existing, can under certain conditions be non-real
or non-existing.

Applied to knowledge, this general principle leads to the conclusion that
something real cannot exist under certain circumstances and for certain subjects
while not existing under other circumstances or for other subjects. Of course, this
does not mean that every portion of reality is always in the cognitive presence of
every possible subject, but simply that, as far as something real is put in the
cognitive presence of different subjects, they cannot help knowing it'*; thought or
cognition cannot make being non-existent, they cannot annihilate reality. In this
way we have found an explicit justification for the already mentioned conviction
according to which weak objectivity follows from strong objectivity. What is
intrinsic to the object, and therefore real, must also be known by every subject who
is in a position suitable for knowing it. This conclusion, if knowledge is under-
stood simply to be ‘by acquaintance,’ is shared by positivism and verificationism;
if it is extended to propositional knowledge as well, it can be shared only by people
who are ready to attribute a cognitive power also to reason; in this case the
‘cognitive presence’ includes also several theoretical requirements.'* Therefore
what is intrinsic to the object must be intersubjective. This is simply the episte-
mological counterpart of the ‘principle of Parmenides,” which states as the fun-
damental law of ontology the impossibility, under whatever circumstances (and
hence also under the specific circumstances of the cognitive activity), of denying
the existence of being. All the same, the experience individuals have of their
commerce with other people violates this claim.

This is so since, among the different qualities which we happen to attribute to
objects, some are perhaps admitted by all subjects, but many are surely not. And
this is the case not only in the sense that two different persons may not agree that
an object has these or those qualities, but also in the sense that one and the same
person may attribute one such property to an object at a certain moment, and deny
it at another (or even deny its existence). It was already noted by the ancient
Sophists that, for example, wine tastes agreeable to a healthy man and disagreeable
to the same man if he is sick. One could remark of course that, strictly speaking,
the feeling of pleasure that the healthy man enjoys when drinking wine and the
opposite feeling of disgust experienced by the sick man are both equally real. Such
aremark is unobjectionable, but it cannot eliminate the fact that, within the domain
of qualities or properties that we can consider as real, as really perceived by the
subject, some are considered to be bound to the subject’s perceptions, while others

13 By “cognitive presence” we mean a situation in which the subject is equipped with the ability,
and finds himself in the conditions necessary and sufficient, for knowing (by acquaintance) a
particular object.

4 Tt is obvious, but perhaps not superfluous, to make explicit that we are not maintaining that
whatever exists is knowable ‘in general,” but only that it cannot help being known if it has the
characteristics enabling it to come into a particular ‘cognitive presence’ in the sense explained
above.
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seem at least to be independent of these perceptions and to be equally well per-
ceived by all subjects."”

The very presence of this distinction easily induces one to express it in a form
which is seemingly only slightly different, by saying that the qualities that change
their status with a change of subjects are not really possessed by the object but are
simply subjective (in the sense of being a result of the perceiving activity of the
subject), whereas the other qualities are really inherent in the object, and as such
deserve to be called objective. This distinction is the root of the classical partition
between primary and secondary qualities that was so widespread (under different
forms) in the philosophy of the seventeenth and eighteenth centuries, and which
found one of its first and most typical expressions in the celebrated pages of
Galileo’s Assayer, as noted in Chap. 1. This way of introducing the distinction is
potentially dangerous, for it suggests the admissibility of such ambiguous state-
ments as that which says that subjective qualities are not really present in the
object, leaving the possibility open for us to imagine that they actually are not real.
From our present point of view, to say that they are not real would certainly be a
mistake, for here we are equating reality and existence: what we should correctly
say—using, for instance, the distinction between the primary and secondary
qualities of things—is that they have a ‘different sort of reality.”'® This, in any
case, would not imply that the secondary qualities reside uniquely in the subject,
but that they depend on a particular relation between certain features of the object
and certain cognitive capabilities of the subject; this, however, is a question that
we shall address later; and, at the same time, we must recognise that secondary
qualities (for reasons to become clear later) are not taken into consideration by
science.

Still, this interpretation is not inevitable; and we can adhere to the above
distinction provided that we do not take the step of qualifying the subjective
qualities as illusory or as pure appearance having no relation to objective reality,
which would introduce a dualistic prejudice into the discourse. Thus far we have

'S In fact this line of reasoning was not inaugurated by the Sophists but rather by Democritus,
who termed knowledge derived via the senses “bastard” cognition. “Legitimate” cognition, on
the other hand, is knowledge obtained by reasoning concerning the properties of the ultimate
constituents of matter (the atoms). Here we find the first drawing of the distinction between
primary and secondary qualities that is essentially the same as that expressed in the passage of
Galileo’s Assayer. This is not accidental, since a revival of Greek atomism took place
contemporaneously with the birth of modern science, as is well known (and Galileo expresses his
acceptance of atomism elsewhere in the Assayer).

16 We have consciously said “from our present point of view” in order not to disregard the fact
that, in many ontological discussions, it is useful to introduce certain technical distinctions
between reality and existence. However, we do not need such technical distinctions here, and
shall at most make a modest use of them when discussing the general problem of realism. Just to
give an indication of how distinguishing between reality and existence might be profitable in the
case of our example, we note that subjective qualities do in fact exist in a particular domain of
reality (i.e. consciousness) different from the domain of physical reality. It is this fact that entitles
us to claim that they are real, since reality admits of different spheres of existence.
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simply admitted a splitting of reality into two fields, that of subjectivity (con-
taining all those features of reality that are real only for an individual subject) and
that of objectivity (containing all those features that are real for all knowing
subjects).

This situation is, nevertheless, not a stable one. Objectivity must, indeed,
rapidly become prevalent. This has to do with the fact that, although anything
which is different from nothing may be said to be real, this notion has an ana-
logical character, that is, it is attributed with different degrees of pertinence or
force to different kinds of entities. This amounts to saying that ‘reality’ is usually
meant to correspond, in the most proper or strongest sense, to a given category of
being, while other categories deserve to be called real only in a weaker sense. In
everyday language, for example, reality in the most proper and strongest sense is
meant to be what philosophers call the external world (see also the difference
between Wirklichkeit and Realitdt in German). According to certain philosophies,
on the contrary, reality may be primarily the sphere of our internal self-con-
sciousness (e.g., for Cartesianism).

Being aware of this situation, we can easily understand why and how objec-
tivity may obtain a privileged status. Indeed it is very often considered to be the
only warrant one has that something is real in the ‘strongest’ sense of this word. If
I should like to convince someone of the reality of something which is present to
me (i.e. known by acquaintance), the only way I have at my disposal is to try to
make it present to him as well, that is, to transform this reality from a subjective
into an objective one (examples will be provided later). But, even for the single
subject, objectivity turns out to appear more important than subjectivity. Indeed,
everyone is inclined to say, for example, that the bad taste he attributed to wine
when he was ill had not really to do with the wine, but with his illness; similarly,
one usually says that the things he experienced during a dream were not really
there, though he really had the relevant perceptions in the dream. But why does
one deny proper reality to such things? Simply because one sees that other subjects
do not say that they experience the same things, and because one does not oneself
experience them after the illness or after the dream. Here one can see the implicit
force of the ‘principle of Parmenides’ (the permanence of reality is the basic
feature of reality itself), combined with the fact that objective reality ranks higher
than subjective reality.

Clearly, certain ponderous presuppositions lie behind this way of thinking, such
as that there is a kind of normal status in which what we perceive is (strongly) real
(e.g. health and good eyesight are supposed to contribute to such a status, as illness
and dreaming do not). But rather than discuss the legitimacy of these tenets here,
let us simply state the fact that, due to them, subjectivity becomes progressively
excluded from one’s considerations of reality. As a matter of fact, objectivity,
which at the beginning was taken only as an indication of reality, has become
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identical with reality itself, in the sense that aspects of reality which cannot be
considered objective seem to be condemned to remain altogether negligible.'”

7 Concerning science, a particular insistence on the fact that scientific statements are
characterised by their being intersubjective is expressed by Campbell in the first chapter of his
(1920), ‘“The Subject Matter of Science’:

Judgements do not form part of the proper subject matter of science until they are free
from the smallest taint of personality, unless they are wholly independent of volition and
unless universal assent can be obtained for them. In practice the last criterion is applied
almost exclusively; the subject matter of science may be defined as those immediate
judgements concerning which universal agreement can be obtained (p. 21).

Campbell’s discussion also resembles our analysis of ‘subjective’ and ‘objective’ features of
reality, which is mixed up, however, with the very problematic idea of the ‘external world’:

Evidence for an external world. What this criterion is will be easily seen if we ask
ourselves why the particular class of immediate judgements, of which those that are the
basis of science form part, are described as judgements of the material or of the external
world. (For our present purpose we may regard “material” and “external” as identical, for
our knowledge of any external objects which are not material is based on our knowledge
of those which are material). We all realize instinctively that the judgements which
compose our conscious life can be divided into two classes, those which represent events
happening within ourselves and those which represent events in the external world. The
first class includes our judgements concerning our tastes and our desires and our purely
logical judgements: the second class includes the judgements we associate with sense-
perceptions. The distinction between these two classes arises from a difference in the
extent to which the judgements are common to persons other than ourselves. In respect to
the first class of judgements we find that other persons often dissent entirely from us; in
respect of the second class we find there is something common between ourselves and any
other person with whom we can enter into communication. It is the community of our
judgements of the second class with those of others that leads us to attribute them to some
agency which is neither we nor they, but something external to all; it is the divergence of
our judgements of the first class from those of others which leads us to attribute them to
something inherent in our own personality (p. 19).

About the actual possibility of obtaining universal certain judgements, Campbell limits himself
to mentioning three classes of judgement for which this seems actually to be the case, without
excluding other possibilities:

Is it possible to find any judgements of sensation concerning which all sentient beings
whose opinion can be ascertained are always and absolutely in agreement? The best
answer that can be given is to state at once what judgements appear to be absolutely free
from contradictions such as we have been considering. I believe there are at least three
groups of such judgements:

(1) Judgements of simultaneity, consecutiveness and “betweenness” in time. I believe
that it is possible to obtain absolutely universal agreement for judgements such as, the
event A happened at the same time as B, or A happened between B and C.

(2) Judgements of coincidence and “betweenness” in space.

(3) Judgements of number, such as, The number of the group A is equal to, greater than
or less than, the number of the group B.

These three groups will be termed respectively time-, space- and number- judgements
(p- 29).
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The above discussion had two important tasks to fulfil. The first was that of
showing how the concept of object, at its origin, is bound to that of reality in a very
correct way, not as a counterpart of reality but as a specific subdomain of it. (We
could say, perhaps, that the domain of objectivity appears to be a subset of reality
and not its complementary set. This image is not simply pictorial, for if objectivity
were to be the complement of reality, one would be obliged to specify the general
domain with respect to which these two sets are complementary, and this set would
be either the ‘non-real’ or the ‘suprareal’—in either case, something enigmatic).'®
Second, we discovered the reason why subjectivity has obtained such a bad rep-
utation. As a matter of fact, we are used to thinking that one must avoid subjective
judgements, appreciations, and so on. However, no clear reason is usually
advanced for this view. Now, if the above analysis is correct, we find that the
implicit reason is that subjectivity is considered too weak a warranty for reality (in
its ‘proper’ sense).

We are now in the position to move closer to the core of our question. First, we
have found in this analysis that the two familiar characteristics of intersubjectivity
and invariance are the basic structural marks of objectivity, since we have qual-
ified as objective only those features of reality which are the same (invariant) for
different subjects (intersubjectivity). Yet there is much more in these two notions
as they appear now than there was at the beginning of our discussion, when they
were simply the consequence of the ‘principle of Parmenides.’

(Footnote 17 continued)

Note that he explicitly avoids any identification of this form of objectivity with “truth,” and
this confirms what we have stated at the beginning of this book, that is, that the notion of
objectivity was meant to be a replacement for that of truth:

Is the criterion of universal assent ultimate? A few further remarks are necessary to avoid
misconception. It must be insisted again that our object in this discussion is merely to
ascertain what is the criterion which science applies in the selection of its subject matter;
we are not concerned to ask why it applies its criterion. If these judgements which are
selected are indeed ultimate and fundamental, to ask such a question would be to trespass
beyond the province of science; ultimate judgements are those for the acceptance of which
no reason can be alleged. We must be extremely careful not to assert that universal assent
is a test of “truth” or that our fundamental judgements are “true” because they are
universally accepted. If such an assertion were made, the door would be opened to all
kinds of objections which might appear very trivial to students of science, but yet would
have to be faced and answered. (p. 34).
18 We could express this idea more precisely by saying that the notion of objectivity is eminently
epistemological and reflects itself on ontology in the sense that certain parts or aspects of reality
are characterised by the fact of being ‘subjective,” and others by the fact of being ‘objective.” This
is mirrored by the fact that (as we have seen), the notion of object presupposes that of subject and
vice versa since an object is what is referred to by a subject, and a subject is what refers to an
object.
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The first novelty is that they are no longer only necessary conditions for
objectivity, as was the case when the state of affairs of ‘being such for all subjects’
was seen only as a consequence of the immutability of being. Now we must say
that this condition (being the defining condition for that subdomain of reality
which we shall call the realm of objectivity) is indeed a necessary and sufficient
condition for it, as is the case with definitions in general. This is, moreover, much
more than a pure consequence of a formal feature, such as that implied in the
structure of a definition; for we can say that whereas in the case of weak objec-
tivity, as contrasted with strong, the features of intersubjectivity and invariance
seemed to ‘emanate’ from reality as reliable criteria for it, in the present case this
privileged status is not attributed to them. As a matter of fact, subjectivity also
refers to reality (because there cannot be perception, even in the most subjectivist
sense, of the non-existent), so that intersubjectivity and invariance are no longer
considered to be ‘characteristic marks’ of reality, but rather ‘specific character-
istics” of a particular sector of reality, the sector of objectivity.

A second feature deserving note is that the notion of intersubjectivity itself has
now received a more profound qualification, for we have here characterised as
intersubjective those features of reality which are knowable by many subjects or,
equivalently, by one and the same subject under different conditions. Therefore,
from the point of view of the requirement of intersubjectivity, one individual
subject ‘splits’ into a plurality of subjects, so that the condition of invariance has to
be understood not as an invariance with respect to different evaluating persons, but
with respect to different acts of knowing, no matter whether they are performed by
different subjects or by the same subject on different occasions. This gives to the
notion of objectivity, understood as intersubjectivity and invariance with respect to
subjects, an abstract character which appears to be susceptible of rigorous treat-
ment. (Let us also note that in this way our reasoning does not depend on the
presupposition of the existence of a multiplicity of subjects; however, we have no
difficulty in assuming this multiplicity to be the case.)

From what we have said, a further important consequence also emerges
regarding the specific field of scientific objectivity. The consequence is that since
this notion of objectivity implies a reference to a plurality of subjects, these
subjects cannot be conceived of as minds, consciousnesses, or anything of the
kind. In fact, consciousness necessarily represents, in every act of knowledge, that
very part of knowledge that is irremediably private, for the only thing that two
subjects cannot hope to be able to share, to make intersubjective, is their respective
consciousness of reality. Thus the interesting result ensues that the subjects about
which we have often spoken thus far cannot be conceived of as egos, but simply as
detectors or recorders of different aspects of reality. Such a conclusion, however,
should not be surprising if one only considers how an observer or a subject is
actually conceived of in the exact sciences. Despite every appearance, the subject
is considered equivalent to an observation instrument, and this may be seen as the
main reason for which quantum mechanics is not subjectivistic, notwithstanding
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that the ‘observer’ is mentioned in it, since such an observer is never an individual
subject in the usual epistemological or psychological sense of this term."’

When intersubjectivity is conceived of as an agreement among impersonal
measuring instruments, clearly all that is required is simply that those properties
that are meant to be objective in this sense must be invariant with respect to all
these instruments, or, speaking more generally, with respect to all these systems or
‘frames of reference.” To put it differently, since the subject is reduced to a
precisely delineated ‘viewpoint’ (in the most general sense of this term, which
could be even better rendered by the notion of a generalised frame of reference
with respect to which not only space and time, but a broad variety of ‘co-ordinates’
may be considered), intersubjectivity coincides with invariance with respect to
such viewpoints. This not only allows us to find our second mark of objectivity
(i.e., invariance) confirmed once again, but also to see its essential interchange-
ability with the general features of intersubjectivity. For invariance, as we have
seen, is most properly defined with respect to frames of reference, and it therefore
applies literally if subjects are considered to be generalised frames of reference.
Under such a condition, intersubjectivity also turns out to be nothing more than
this invariance.

The above discussion of the relationship between intersubjectivity and invari-
ance should not divert our attention from a delicate point indicated earlier. We
stated that a subject cannot share with other subjects his or her consciousness, his
or her awareness of reality. Now the question arises: what then can a subject share
with other subjects? To examine the situation more closely we may recall that the
object is something that is known in a way which is equally valid for every subject.
But, on the other hand, something’s being known necessarily implies the existence
of a subject conceived of as a consciousness. Thus it would appear that there is a
problem of rendering ‘public’ something that is intrinsically and essentially ‘pri-
vate.” We shall discuss this question in the Sect. 2.4. For the moment let us only
note that, if we put the problem in the above terms, it is clearly unsolvable. But it
turns out that we are not compelled to pay such an impossible price to obtain
objectivity, for objectivity does not require, for instance, one’s being aware (as a
knowing subject, in the full sense of the word) of the awareness of one’s inter-
locutor when speaking about a certain property of a thing, but simply to be aware
of an agreement with him regarding that property. In other words: I cannot know

19 For a rather detailed discussion of this issue, which also takes the relevant literature into
consideration, see Agazzi (1969), Sect. 48. Furthermore Heisenberg, in discussing the famous
problem of the intervention of the subject in quantum mechanics, escapes subjectivism precisely
by putting the human subject on an equal footing with an instrument: “Of course the introduction
of the observer must not be misunderstood to imply that some kind of subjective features are to be
brought into the description of nature. The observer has, rather, only the function of registering
decisions, that is, processes in space and time, and it does not matter whether the observer is an
apparatus or a human being” (Heisenberg 1958b, p. 137). In connection with this discussion, see
also Popper : ‘Quantum Mechanics without “The Observer”,” in Bunge (1967c), pp. 7-44.
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the private knowledge that my interlocutor has of a red surface; but we both can
know, can be aware of, the agreement we have reached in qualifying such a
surface as red. As said, we shall later investigate to a certain extent how such an
agreement can be obtained. For the moment it suffices to stress that the agreement
can be made publicly, and this is all that matters with regard to objectivity.

The elements we now have at our disposal enable us to derive some conse-
quences regarding the general methodology of science. The first is the requirement
of the replicability of those situations which are expected to reveal objective
features of reality. In fact, if an objective feature must be valid for every subject, it
follows that no subject could in principle be excluded from the possibility of
knowing it; and this amounts to its being the case that, whenever certain precisely
stated conditions are satisfied, the same feature must be observed by any subject
whatever.”® Of course, practical difficulties may be of considerable importance,
but they cannot completely eliminate the possibility of repeating the observation in
question (the question is one of principle, not practice). No exception is repre-
sented, from this point of view, by so-called irrepeatable events. A stellar explo-
sion, for example, is a fact that cannot be observed a second time. But what we
claim is not to be able to repeat the observation of that explosion, but simply that
any particular astrophysical theory presupposes the possibility of observing the
general phenomenon of stellar explosion with a probability which, though very
small, must nevertheless differ from zero; and that such a theory indicates the
conditions under which such an event could again be observed.

Replicability also plays a central role in one of the most fundamental proce-
dures of scientific method, that is, in testing.?' Testability is equally well suited to
a verificationist as to a falsificationist approach to science. Moreover it is not
limited to the pure testing of hypotheses, but may also include the checking of
experimental conditions and empirical data, so that the majority of epistemologists
make it the determining feature of scientific knowledge. However, we might still
wish to know why testability has this privileged role; and the answer to this
question might be that testability is bound to the empirical character of science, to
its obligation to be something different from pure invention or fantasy. Answers of
this kind may be acceptable, but they miss the important point that reference to
testability is necessary for objectivity (understood as intersubjectivity) to receive
its philosophically most satisfactory characterisation.

In order to see this, let us start by formulating a rather intriguing question about
objectivity as defined thus far. We have said that an object is something that can be
known to be such by many subjects. Put in this way, objectivity sounds very much
like nothing other than an ‘enlarged subjectivity,” which is not very satisfactory.

20 1t should be noted that this affirmation implicitly presupposes an onfological principle that is
tacitly assumed by common sense no less than by science, i.e., the principle of the uniformity of
nature, since the condition that every subject should in principle be capable of knowing
something objective does not imply that the conditions giving rise to that something on one
occasion will give rise to it on another.

2! Which implies, again, that testing, too, presupposes the principle of the uniformity of nature.
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Even if we should modify our statement by saying that an object is something
which can be known to be such by all subjects, we still might feel dissatisfied since
one could still imagine that all subjects might simply agree by chance (knowledge
cannot depend purely on agreement). The requirement one would like to be able to
set instead might be formulated more or less like this: an object is something that
must be such as can be known to be such by all subjects.

Now, how is it possible to state something that must be agreed upon by all
subjects? The answer may be suggested by considering the way according to
which one establishes the existence of all-properties (i.e., properties concerning a
given totality) in the realm of the exact sciences. Two cases must be distinguished:
either the property is predicated of the totality itself (collective universal) but not
of its single members, such as when we say that ‘the days of the week’ are seven in
number; or the property is predicated of each individual belonging to the totality
(distributive universal), as when we say that all men are mortal. When we have to
do with a property which is meant to be universal in a distributive sense, what we
do is simply establish its existence in the case of a generic individual belonging to
the envisaged totality. When we wish to prove, for example, that all the points of a
certain line have a particular property, we simply select at random a single point
and, without endowing it with any further special features, we prove that it has that
property. The same happens everywhere. When we have a collection, no matter
whether finite or infinite, and we wish to prove that all its members have a certain
property, we simply try to prove that such a property is possessed by a generic
member of the collection (i.e., by a member to which no other properties are
attributed than those that define the collection). In other words, every is considered
equivalent to whatever, and the reason for this probably resides in the principle of
the identity of indiscernibles. (If we have no means by which to distinguish a
‘generic’ element of a collection from the others, there is no reason why they
should not have the same properties that it does).

Coming now to our problem of establishing that the existence of a certain
property is agreed upon by all subjects, we may think of showing that it is agreed
upon by whatever subject we may select. This amounts to saying that, whenever an
arbitrary subject may wish to fest the hypothesis that this particular property exists,
it must (in principle) be possible for him to do so, and he (in principle) must obtain
the same result as any other subject would who carries out the same test. In this
light, testability is nothing less than the tool through which intersubjectivity can be
conceived of as something more engaging than simply a broadened form of
subjectivity; and, as such, it deserves to be the defining characteristic of objec-
tivity. We could also express this fact by saying that it is only via testability that
we can give to intersubjectivity the character of a quaestio iuris, and not simply
that of a quaestio facti, of a pure matter of fact which does not involve any kind of
necessity or normativity in itself.

However, one must be careful to understand what the real matter at issue is
here. We are referring to the meaning of “intersubjectivity,” and we are saying
that a conspicuous aspect of its meaning is that intersubjectivity is not simply a
broadened subjectivity. But this implies that, intersubjective agreement being
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reached by testing, any subject must in principle obtain the same results when
performing the same tests.

Let us now leave the question of principle (represented by the analysis of the
meaning of intersubjectivity), and address the question of fact (represented by the
actual performance of a specific test designed to ascertain the objective nature of
some proposed statement). Clearly, even if a great number of subjects were able to
test this statement and obtain a positive result, one could still theoretically retain the
doubt that they were possibly not ‘generic’ subjects, and that all of them shared a
certain peculiar feature which (perhaps unconsciously) led them to agree with regard
to that property, while other more generic (i.e. not biased) subjects might well not
corroborate the statement (i.e., might find that it is not confirmed by the test). As is
clear, the situation is here similar to that with which we are familiar in the critical
analysis of ‘verification.” Even after a hundred positive tests the possibility always
exists that the next test be negative, thus admitting a practical certainty, but not an
absolute certainty (in other words, one could not exclude the possibility that all the
tests were favoured by fortuitous circumstances). In addition, let us note the possible
lack of ‘generality’ of the subjects or, rather, the suspicion that those who performed
the test were all equally biased such that the results were uniformly fallacious (a
question which, especially in the case of what are termed the human sciences, is by
no means Byzantine). In any case, we can conclude that the question of fact has only
a ‘practical’ relevance, and as such it can be handled by means of those standard
patterns of accuracy and critical prudence which in current experimental practice
lead to reliable results within some determinable degrees of confidence.

This resorting to replication and testing has the additional non-negligible
advantage of removing any psychological hidden meaning from the notion of
independence of the subject. In fact, it is very easy to understand such an
expression as meaning ‘independent of the subject’s will.” For instance, when one
says “whether or not I perceive what is before me does not depend on me,” one
often means that whether or not one has such a perception is not dependent on
one’s will. The inadequacy of this characterisation becomes immediately evident,
however, if one thinks of the perceptions one experiences in dreams or halluci-
nations, which are indeed independent of one’s will, but which are nevertheless not
objective, as has been explained earlier.

Even worse are perhaps those characterisations of the independence of the
subject which lean on the idea that the object is ‘external’ to the subject. Apart
from the rather naive picture of the subject as something circumscribed by his
bodily sense organs, by his skin, or even by his cranium, it is probably due to this
obscure tenet that psychic facts (being internal to the subject) are still thought by
many to lie outside what can be treated by any objective study.

On the other hand, if we carefully consider the reasons which have led us to see
the independence of the subject as a distinguishing feature of objectivity, we note
that they were purely epistemological in character, and involved no reference to an
individual’s free will, or to localisations in space. Correspondingly, the features of
intersubjectivity and invariance, specified through the requirements of replicability
and testing, are completely free of such spurious mixtures, though they have the
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above-mentioned psychological and spatial requirements among their corollaries.
In fact, if something is objective in the sense of being testable by other subjects as
well as by me, it is also necessarily independent of my will; and, moreover, if this
testing must be such that it can be done by any subject whatever, this implies that it
must be ‘external’ to me both in space and in time.

2.4 How to Overcome the Privacy of the Subject

We can now return to the question regarding the crucial point in the transition from
the subjective situation (which is necessarily implied in knowing something) to the
intersubjective one (which is characteristic of objectivity) that seems to be the
requirement of rendering ‘public’ something which is essentially ‘private.’

Here again let us clarify the question at issue. What is not in question is the fact
that our knowledge has this kind of public status, since the phenomenological
evidence of our usual commerce with other persons indicates that we are able to
exchange information and communicate with them. This is why such much-
debated questions as those regarding solipsism and other minds are at least to a
certain extent ill-raised. They start from an imagined problematic situation
(exactly as in the case of the imagination lying behind the presupposed episte-
mological dualism) and, taking it as given, try to overcome it.*> The correct
starting point, on the contrary, is to begin with the phenomenological evidence,
and then, by analysing it accurately, to try to understand how it is possible that a
certain kind of (propositional) knowledge may become public while being private
in its origin. With regard to this point we have already stressed that what matters is
not that my ‘knowledge by acquaintance’ of red is the same as that of other

22 Here are a few brief considerations explaining in which sense we say that intersubjective
communication is given as ‘phenomenological evidence’ (without any pretension of providing in
a couple of lines a full foundation for such an engaging claim). It would perhaps be too hasty and
superficial to say that this evidence is granted by the simple fact that individuals are able to
exchange views, opinions, orders, instructions and information, and to understand each other in
an effective way (although this fact would be almost impossible to explain without admitting at
least a certain measure of intersubjective communication). What seems more significant in this
respect is the fact that in speaking with other persons we usually experience that what we are told
by them corresponds exactly to what we expected to hear e.g. as an answer to our question. For
example, if I ask someone, “What time is it?” and she answers, “Snow is white,” I feel that she
has not understood me, that a communication between us did not obtain. If she answers, “It is
noon,” I feel that she has understood me since her answer is of the kind 1 expected, even if it
should be wrong. Of course, I might sceptically raise the doubt that her answer was such just by
chance, but then I could try to check the soundness of this doubt by further questions and, if they
continued to be answered in the way that corresponds to my expectations, I should have really no
reason for claiming that we do not understand one another. That is to say that this kind of
evidence has the same degree of soundness as ordinary evidence (for, since Descartes, we know
that it is always possible to raise artificial doubts about any sensory evidence). Hence we may
conclude that intersubjective communication constitutes phenomenological evidence, and the
question is only that of explaining how this is possible.
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subjects, or is shared by all the subjects with whom I should like to establish an
intersubjective dialogue. As has already been pointed out, this is surely impossible,
for I could never imagine myself ‘looking inside’ other people’s minds in order to
perceive their perceptions and compare them with my own. The solution is offered,
we have said, by the fact that in order for objectivity to be granted we simply need
to be in agreement with other subjects, for example, about the intersubjectively
manifest application of what each of us takes to be our notion of red, without
knowing whether what others call red is what we call red. In other words, what we
need, and are able to attain, is not an impossible agreement—for instance—of our
subjective ‘knowledge by acquaintance’ of red, but our agreement on the ‘prop-
ositional knowledge’ that this pencil is red.

Is such an agreement possible? It is, through operations. This fact is very
general and is not limited to scientific practice. When we wish to test whether we
agree with someone else about a certain notion (that is, about any content of
knowledge) the only means at our disposal is to see whether we both make the
same use of that notion. It is not apprehending the same thing in applying the
notion that can demonstrate agreement about the notion, but applying the notion in
the same way in what are otherwise the same circumstances.” If I have certain
reasons to be doubtful about my interlocutor’s having the same notion of red as
mine, I could, for example, invite her to select from a bundle of pencils a red one.
If the person’s way of operating is the same as that which I should have adopted in
all circumstances of this kind, I am fully justified in concluding that ‘red’ is an
intersubjective notion for us, even if, for example, the other person sees what I
should call green in situations where I see what I should call red (but such a
difference would remain forever a private affair, not communicable between us).

The same can be said, of course, for more complex notions, and even for those
which are much more abstract in character. For instance, if a teacher wants to
know whether her pupil has acquired the ‘correct’ notion (that is, the notion
determined by her science) of, say, a logarithm, she cannot rest content with his
pupil’s being able to repeat certain definitions. Rather, in order to be sure that the
pupil has really grasped the notion and has not simply learned some suitably
connected words, the teacher will invite him to operate with logarithms, to solve
some problems where these are involved and so on, until it is possible to ascertain
that the pupil uses the notion of logarithm correctly.

The epistemological relevance of what we have said has been stressed in a
doctrine which is often overly emphasised by its supporters and overly discredited
by its opponents, that is, operationalism. When this doctrine emphasised the
overall importance of operations, it actually insisted on a capital point, that
operations constitute the basic condition for determining objectivity, in that they
allow public agreement with regard to particular properties, which allows those
properties to become objective. This is true as a matter of fact; however, the notion

23 “Not the way of apprehending, but the way of using a thing may reveal if we agree about it.”
(Mathieu 1960, p. 31).
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of an operation is not always so clearly presented by operationalists as to show this
essential function in a proper light. Evidence that they usually did not recognise
this function may be found in some explicit statements by Bridgman himself who,
strangely enough, was a supporter of a subjectivist attitude towards science.
“There is no such thing as a public or mass consciousness,” he says:

In the last analysis science is only my private science, art is my private art, religion my
private religion, etc. The fact that in deciding what will be my private science I find it
profitable to consider only those aspects of my direct experience in which my fellow
beings act in a particular way, cannot obscure the essential fact that it is mine and naught
else. “Public Science’ is a particular kind of science of private individuals.*

These claims clearly show that Bridgman was unable to reconcile the fact that
knowledge quite generally is something which may be stated only in the ‘first
person’ with the fact that scientific knowledge in particular must be something
independent of the subject. This latter state of affairs is, of course, not one that a
science begins with, but is rather a goal that must be accepted when attempting to
create a science, a goal ultimately to be arrived at via a long and complex journey.

This point was correctly stated by Born, among others, who once described how
science is arrived at at the end of a process involving the progressive elimination
of the individual subject:

‘Natural science’ is placed at the end of this series, at the point where the I, the subject,
represents but an insignificant part; every progress in the modelling of the concepts of
physics, of astronomy, of chemistry, indicates a further step towards the goal of excluding
the I. This, of course, does not concern the act of knowing, which is bound to the subject,
but the final picture of nature, the basis of which is the idea that the ordinary world exists
in a way independent of and not influenced by the process of knowing.>®

The only thing missing in this passage is an indication of the way in which this
goal may be reached. If the ‘act of knowing is bound to the subject,” how is it
possible to ‘exclude the I'? The answer we have tried to give seems reasonable: if
knowing is necessarily bound to the subject, it is not on the ground of knowledge
that we may hope to discard the subject. The alternative ground we have, however,
which allows this discarding of the subject, is that of doing.?

2% Bridgman (1936), pp. 13-14.
%> Born (1956), p. 2.

26 These considerations also apply to the doctrine presented by van Fraassen (2008). He
repeatedly stresses—on the one hand—the “indexicality” of any scientific “representation,”
which is always made by someone from his/her private vantage point, and—on the other hand—
he affirms that the ‘public’ status of representations (that he obviously requires for scientific
representations) obtains through their use. For this reason he points out that this problem does not
concern semantics proper, but rather pragmatics: “The notion of use, the emphasis on the
pragmatics rather than syntax or semantics of representation in general, I will give pride of place
in the understanding of scientific representation” (p. 25). It is clear that the mention of use refers
to the familiar partition of semiotics into syntax, semantics and pragmatics that remains
essentially within the framework of an analysis of language and gives a primacy to the problem of
communication. We could say that this approach has clear affinities with the Wittgesteinian
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To express the above in a more pictorial way, we could say that, while the
subject cannot reveal his mind to others, he can show them how he does things and
what he has done. As a consequence, while two or more subjects could never
check whether they have the same thought, they can always check whether they
are performing the same operations, for these are perceivable by both of them.
(What each directly perceives is different; therefore abstraction is required, as in
all instances of knowledge that, i.e., of propositional knowledge.) Thus when we
say that a notion cannot itself be public, while agreement concerning it can be, we
mean that such an agreement is concretely expressed by a coincidence of the
relevant operations and of their results.

After giving these specifications one does not want to be misunderstood and, for
example, be thought of as an unsophisticated pragmatist who has abandoned the
ground of ideas and the mind in favour of a return to the narrow perspective of
science as simply a way of operationally mastering the physical world. Even if we
were not to add in the sequel explicit considerations concerning the cognitive side
of objectivity (which we shall do), it should already be clear from what we have
said to this point that the intersubjectivity of operations is strongly marked epis-
temologically, due to its being the indispensable condition for building objective
knowledge.”’

One could go even further and maintain that not only objective knowledge but
any propositional knowledge always has praxis and operations at its roots. We do
not wish to treat such a broad and engaging thesis here since it would involve us in
discussions of psychology and of individual concept formation which are too far
from our subject-matter. But the simple mention of this possibility should suffice
to reveal how any position of mistrust towards the operational component of
scientific knowledge could lead to undesired difficulties when one comes to
solving certain problems in the philosophy of science.

Another point requires further investigation. How can operations function as
tools for constructing objective knowledge? For example, we have said that it
would be possible for me to ascertain whether a friend of mine has the same notion
of red as I have by inviting her to select a red pencil out of a bundle of pencils; but
how can I be sure that she has the same notion of selecting that I have? This
objection is not very difficult to meet, since science (and knowledge in general)
does not develop in a vacuum, and we can safely include language and gestures

(Footnote 26 continued)

doctrine of “language games” in which contexts are related with human behaviours and conducts,
with acting rather than making. According to us, this strategy is still insufficient to give a
foundation for intersubjectivity, and this is why we resort to the much stronger and effective
notion of operations that are certainly a part of use, but are less vague and more suitable for
breaking the circle of subjectivity, besides their decisive referential function which we are going
to discuss in the sequel.

27 This central thesis of our epistemology, which we have constantly and systematically
developed since the publication of Agazzi (1969), and which will be duly articulated also in the
coming chapters of this work, has been more recently advocated also in Hacking (1983).
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among the most elementary operational tools that it has at its disposal.”® But there
is even more: when a certain notion is to be tested, as far as its objective status is
concerned, a great variety of already tested objective notions is always at hand,
and the different subjects do actually employ them. Nevertheless, this objection
will be taken into consideration later due to another of its interesting conse-
quences, namely because of the implicit reference it makes to a particular kind of
relativity in every instance of scientific knowledge; but it is not our concern to
anticipate such a discussion here.?” There are, on the contrary, many other aspects
of the operational side of scientific objectivity which at this point deserve a closer
examination.

An important remark. The discussion we have devoted to the problem of rec-
ognising the place of subjectivity in knowledge, but at the same time of over-
coming it in order to understand science as public knowledge must constitute from

% We should like to quote here an eloquent statement of Rom Harré which is in keeping with
this view: “The power of certain elements of language and of certain gestures and the like to draw
people’s attention to things and the states of affairs obtaining among them is what binds language
to the world, since it is thus that our attention is drawn to those states of the world which we are
required to observe, that is to understand” (Harré 1970, p. 193; see, in general, the whole chapter
‘Description and Truth’ of this work). Concerning certain important consequences of the
continuity between common knowledge and scientific knowledge as regards the issue of
objectivity, see Buzzoni 1995 (e.g. pp. 108-109 and 120-131). Some readers may be surprised by
the fact that, in the notes of this section, we have cited both realist and positivist scholars in
support of our view, without saying whether or why we agree or disagree with each of them. This
is not accidental, for we think that the convergence of differently-oriented scholars on the
characterisation of objectivity that we are defending is a not-negligible symptom of its soundness.
In the course of this work the reader will have abundant evidence concerning what our position is
regarding positivism and realism, but we wanted to avoid that our present discussion be biased by
such more engaging issues.

2 An important philosophical question underlying this discourse is that concerning the
possibility of disentangling knowledge from the whole of ‘real life.” From an analytic point of
view it is certainly possible and fruitful to distinguish cognition from other aspects of life, but this
distinction cannot amount to a separation. As a matter of fact, our cognitive activity is a part of
our ‘life practices,” and humans (but not only humans) approach reality through action, and form
in themselves representations of reality that are strictly bound to action. This deep embedding in
real life, in human existence, has been particularly stressed by authors such as Heidegger, Husserl
and the representatives of existentialist, phenomenological and hermeneutic philosophies.
Unfortunately these philosophies have usually expressed a negative appreciation of science, often
based on several misunderstandings, such that philosophy of science has considered them as
useless or even misleading, and has adopted the mentality and methods of analytic philosophy. In
this work he have decided to remain faithful to the style of analytic philosophy, since this has
concretely provided the framework in which the majority of the problems we are going to study
have been presented and debated. This, however, does not mean that we have accepted to remain
prisoners of certain limitations of this approach; for example, our treatment of many questions
will develop along the lines of a linguistic analysis, but we shall be ready to trespass the limits of
this analysis when it proves insufficient for a full understanding of these same questions. For the
same reasons one must recognise that certain basic intuitions of the above mentioned
philosophies could and should be carefully taken into consideration when particular fundamental
problems are envisaged. Therefore we shall make some reference to them in the course of this
work, where such problems will be addressed.
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now on a justification for the general methodological approach adopted in this
work, namely, the leaving out of consideration the place of the subject. For
example, when we speak of the intension or of the reference of a concept or of a
term, we are certainly not ignoring that it is a certain subject who ‘intends’
something or ‘refers’ to an object; similarly, when speaking of a representation we
are certainly aware that ‘R represents X’ for a certain subject S with a certain aim
A. Concepts, terms, sentences, representations, and the like, however, have a
circulation in science (and also in everyday language) only when they have
attained a sufficient level of ‘publicity’ and, for this reason, can be used without
any implicit reference to the individual subjects using them. For example, we can
speak of the meaning of “triangle” not as the content of a single person’s though,
but as something that belongs to the concept (or term) considered in itself; simi-
larly we can say that the referent of “Rome” is the city which is the capital of Italy
not because someone is ‘referring’ to this city by using the term “Rome,” but
simply because this city is the standard referent of this term in English and French.

2.5 The Making of Scientific Objects: The Referential
Side of Objectivity

In the preceding section our analysis of objectivity was performed from the general
point of view of the theory of knowledge. It is true that, assuming this point of
view, we have been able to indicate certain features of the notion of intersub-
jectivity which are of major interest in the specific domain of scientific method-
ology; but this has happened as a favourable and unforeseen consequence of
results obtained within a much more general perspective.

Let us now consider, instead, the specific nature of scientific knowledge, and
see what can be derived from the consideration of at least some of its inherent
features. The task of identifying such features might, however, be rather compli-
cated, since the differences between scientific knowledge and knowledge in gen-
eral cannot be easily listed in a non-controversial way; and it might happen that, if
we actually tried to compile such a list, we should need to include in it the features
of testability and invariance which we have already treated in a different context.
On the other hand, little help would be obtained through adopting the already-
discussed assumption that science has dismissed the classical goal of providing a
kind of knowledge which ‘attempts the essence,” for this fact does not indicate any
precise measure which ought to be implemented from an epistemological point of
view in order to attain this goal.

Nevertheless, we are not left without any indication of the specific nature of
scientific knowledge, for we can still consider one of the most remarkable features
of science, one which correctly distinguishes it from common sense and everyday
knowledge. This feature can be expressed as the fact that science does not make
its statements generically but specifically; that is, no science has as its intended
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universe of discourse the whole of reality, or all possible worlds, but only a very
restricted field of inquiry, a delimited domain of objects. However, every domain
of objects, though being limited in scope, may contain a potentially infinite
number of objects, as we shall see in the sequel. We have already stressed this fact
earlier, but now we note that this feature is such an important one that it must be
numbered among the few which prompted the birth of modern science at the
hands of Galileo. In fact one of the basic points of view of the old ‘natural
philosophy’ was that, in order to have reliable knowledge about some physical
reality, one was obliged to rely on a general theory concerning the whole of
nature. Galileo, on the other hand, stressed that such an enterprise must be con-
sidered intrinsically hopeless, whereas it is not hopeless to attempt to obtain
certain sound results if we are content to study particular clearly circumscribed
aspects of reality, without asking too much about what is before, behind or around
them.

The science of statics started from these premises and developed further into the
more comprehensive science of mechanics, always preserving this character of
limitation in scope. This remained paradoxically true even when mechanics
became, at a certain moment, a kind of new philosophy of physical nature. For
mechanics was not broadened to include every possible sort of object; rather, all
the other aspects of natural reality were narrowed or reduced to mechanics.

But it is certainly not necessary to continue with examples, for the thesis that
scientific research is always concerned with precisely limited domains of objects is
generally admitted, and does not seem in need of any special defence. When a new
science appears on the horizon, it is invariably because certain aspects of reality
which were previously neglected, or were simply assembled with others in a wider
domain of inquiry, suddenly become the specific objects of a specialised scientific

30 We could summarise this feature by saying that modern science consciously presented itself as
a programme of piecemeal knowledge, and this is again something which qualifies it as ‘non-
philosophical” knowledge. For philosophy has typically been a programme of global and general
knowledge. This has to be understood not only in the above-mentioned sense, that an
understanding of the general framework of nature was considered to be necessary for the
understanding of particular entities or processes, but also in the sense that even one single entity
or process was approached globally or ‘as a whole’ (since only in this way was its ‘essence’
supposed to be captured). The approach of modern science is the opposite, and this reflects itself
in particular in the way science explains things and processes, such that they appear as wholes
consisting of parts. According to the classical, philosophical view, the structure and behaviour of
the parts was explained by considering the whole and its characteristic features (essence, form,
internal and final causes); according to the new view, it is the structure and functioning of the
whole which is explained as resulting from the behaviour and properties of its parts (in terms of
efficient rather than final causes). This is the substance of the so-called analytic method that has
become the backbone of all modern sciences (and which should be distinguished from the so-
called analytic method of twentieth century Anglo-American philosophy). In the Chap. 10 of this
book we shall be concerned with the question of whether or not global views or considerations
can really be discarded from science, and shall see that they cannot. However, we shall arrive at
that point only after having explored the features (and the merits) of the piecemeal approach on
which scientific objectivity relies.
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study.®’ This restriction of investigation to well-specified and clearly circum-
scribed domains of objects is so typical of the sciences that we might say without
any arbitrariness that this is one correct way of qualifying scientific objectivity. In
this case we could say that scientific statements are also objective in the sense that
they concern only particular objects, and not reality ‘in general.’

This admission does not in itself involve any particular ontological commit-
ment, for it is capable of receiving a purely linguistic interpretation. For instance,
one might express this condition by saying that scientific statements are always
relativised sentences, meaning that they contain only a restricted list of technical
terms, that their meanings are determined by the particular context in which they
are embedded, that they obey certain established rules in order to be tested, and so
on. However, working scientists would not feel fully satisfied with such a purely
linguistic way of considering the statements of their science. They would certainly
not contend that their statements are ‘relativised,” and that this relativisation
involves in particular several linguistic features of the kind mentioned. Rather,
they would regard the existence of these features as a consequence of the fact that
their statements refer to some specific objects, in an ontological sense of this word.

Of course, one could immediately say that the spontaneous and perhaps naive
beliefs of working scientists by no means provide a justification or rational
foundation for such an engaging philosophical thesis, and one might well recall
that recent trends in the philosophy of language have not been particularly
favourable with regard to a referential theory of meaning. It is usually considered
naive and even completely unjustified to identify the meaning of a word with some
(concrete or abstract) entity which the word is to designate. It is not our intention
here, however, to embark upon a discussion of such a complicated issue in the
philosophy of language. Let us simply say that the referent of a term cannot be
totally excluded from the consideration of its meaning. If we do not admit this, we
are led to the paradoxical conclusion that our language is being used to ‘speak of
nothing.” It follows that a minimal ontological basis must be preserved for every
discourse; and scientists would certainly be particularly ready to admit this. This
fact can be interpreted as an indication that every science is believed to have its
own objects in some ontological sense (and here lies what may be termed the
spontaneous realism of scientists). However, we shall say more on this issue in
other parts of this work, particularly in Chap. 4.

Not as evident, on the other hand, is how such a referential basis can be
provided for the individual sciences, a question we cannot avoid, since the very
starting point of the present discussion has been that every science has its own
specific objects. We are confronted, therefore, with the fundamental question: how
can the objects of a science be given?

31 The conviction that, in such a way—i.e., through a continuous extension of scientific criteria
of objectification—all aspects of reality can be studied is the position of scientism, which we shall
consider and criticise at the end of this work. At this point we are not entitled to exclude that
criteria of objectivity different from those of science could be provided, though the question of
giving examples of such criteria is too complex to be addressed here.
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The answer to this question seems at first very easy, at least for the empirical
sciences (which have the alleged luck not to be confronted with such intriguing
questions as that of the nature of universals or abstract entities). In order to reveal
the objects of a particular science, we simply have to single out a certain number
of things, i.e. independent existents, and to declare the competence of this science
to speak about them. So entomology is to speak about insects; zoology about
animals in general; chemistry about elements, compounds, acids, and similar
things, and so on.

How unsatisfactory this answer is becomes immediately apparent if we try to
continue such a list. For instance, it would be very difficult to equip physics with
its proper objects according to the above criterion since, in a way, every material
body may be considered to belong to the subject-matter of physics, though not in
all its respects, but only so far as some of its very general properties are concerned.
However, if we were to follow this line it would turn out that not the material
body, but some of its properties, are the objects of physics. But properties are not
independent existents; in fact they are no less universal than the abstract entities of
mathematics.*?

But the inadequacy of the proposed criterion becomes still more apparent if we
simply consider some ‘thing’ and ask what science is competent to deal with it. For
instance, if we take a watch and ask what the area of its face is, we are considering
it as an object of topology; if we ask what its mass is, or what the laws are that
regulate the motion of its balance wheel, or what its influence would be on the
magnetic field inside the room where it is located, we are considering it as an
object of physics; if we ask what the composition of the alloy is out of which its
case is made, or what the degree of purity is of the rubies that are inside it, we are
considering it as an object of chemistry; if we ask its price relative to other watches
and in relation to the present conditions of world watch production, we are con-
sidering it as an object of economics; if we ask whether wearing a watch of a
certain kind might be an indication of its owner’s having a certain sort of tem-
perament, we are considering it as an object of psychology; or if our watch is
rather old and we ask whether it once belonged to a certain prime minister whose
biography we are writing, we are considering it as an historical object.

Here we shall introduce one technical notion and further clarify another, both of
which are of great importance for the present work. As regards the preceding
paragraph, we should say that each of the questions posed there is the expression
of a particular point of view on one and the same independent existent, and that
each such point of view makes of that existent a particular object.

32 Paradoxically, this must be said even of those sensory properties that correspond to the
‘secondary qualities’ of things. For example, when I perceive (knowledge by acquaintance) the
red colour of a cherry, I perceive this individual red, but when I say “this cherry is red”
(propositional knowledge), I use an abstract notion of red of which the particular red of the cherry
is an instantiation and, thanks to this fact, I can communicate with other people who do not share
my knowledge by acquaintance.
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Such points of view may be hierarchically ordered according to their degree of
generality. The most general categories determine the domain of objects of dif-
ferent sciences (as in our example), but if we assume different attributes within the
same category, we determine the objects of different theories within the same
science. So, for example, considering reality from the point of view of matter,
motion and force determines the objects of mechanics rather than those of biology
(which considers reality from the point of view, let us say, of metabolism and
reproduction). But then additional different viewpoints may be used in mechanics
to study the objects of mechanics, or in biology to study the objects of biology, and
this fact in turn implies the introduction of new, more specific concepts, at least
some of which need to be operationalised. Let it suffice to say, then, that we have
here illustrated that one and the same ‘thing’ can become the object of a new and
different science every time a new specific point of view or viewpoint is taken of it.

Two results follow immediately from the above considerations. First, no object
of a science is ever simply a thing in the everyday sense of this word; and second,
every independent existent not only has the potential to constitute a variety of
objects, but an unlimited variety of objects, since the number of objects can always
be increased simply by taking new viewpoints on the ‘thing’ in question.

But now, what are the objects proper? Having excluded their being simply
‘things,” it might seem, from our previous analysis of the watch example, that they
may be viewpoints, but this is certainly not the case. For science, having earlier
been characterised by its constant effort to attain objectivity, would now turn out to
have as its subject-matter such subjectively flavoured entities as viewpoints. The
situation need not be so peculiar, however, since what is meant by “viewpoint”
here is not some sort of personal appreciation which obeys individual idiosyn-
crasies, but a particular ‘way of conceiving of reality’ and, if we had used such a
stern locution in the above, it would not have aroused such an impression of
subjectivism.

Still, the problem is to determine whether science can be identified as a form of
investigation which has these points of view as the objects of its research, and
one’s answer is instinctively (and correctly) negative, since what any particular
science restricts its interest to are certain aspects or features of reality (we shall
call them attributes), that can be found (or not found) in individual ‘things.’ It is in
this restricted interest that a viewpoint consists; and the objects of a science are,
therefore, made up of those attributes of reality that are of interest to the science.
The problem, then, is to understand #ow an empirical science can single out in any
‘thing’ the attributes of reality that are of interest to it. In other words, how does a
science practically determine the presence of its infended attributes (those of
interest to it), i.e. refer to them in a way that is different from simple common-
sense apprehension and from pseudo-science?

A first step may be taken towards answering this question by noting that each
science can be characterised by its proposing and defending a certain system of
statements. We do not maintain that science is only this, and we are open to the idea
of considering science to be many other things as well, such as a social phenomenon
involving many personal, social and historically determined commitments. Still, it
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is incontestable that one of the chief results of such an activity is that of producing a
body of organised statements that are intended to make manifest the content of the
knowledge that has been gained within that activity.”> Moreover, we have already
stressed that every science is characterised by its statements being relativised, so
that each science becomes a system of relativised statements. Here we add that
each science is actually intended not simply to be a system of statements, but
more particularly to be a system of propositions (or of propositional functions)
each of which aims at being true, either immediately, or after some suitable
processing.>*

On the basis of these remarks, our problem loses any flavour of a psychological
nature (which seemed to be involved in the conception of viewpoints as deter-
mining scientific objects) and admits—at least at an initial stage—of an intrinsi-
cally linguistic treatment (i.e. a treatment concerning statements and the possible
conditions of their truth). As a consequence, our first concern will be the
following: how can we decide whether a certain statement belongs to a given
science? The easiest way to handle this question is probably, again, that of con-
sidering an example.

Let us suppose that Mr. X is sitting in a room and says, “It is very warm here.”
We ask now whether Mr. X’s statement does or does not belong to physics. From a
certain point of view, one feels inclined to say that it does, for it refers to heat, and
heat is one of the main objects of thermodynamics. From another point of view,
however, one must deny that this statement belongs to physics, because physics
provides us with no means for deciding whether it is true or false, and so the
statement cannot be considered as expressing a proposition or a propositional
function of physics. In fact, even if we correct the indeterminacy involved in the
use of the free variable “here,” by indicating instead the exact spatio-temporal
location, the situation concerning truth or falsity would not change.

But why can we not say in physics whether this statement is true or false?
Someone might be tempted to say that the reason is that science cannot accept as

33 With this very general claim we do not automatically subscribe to what has been termed the
statement view of scientific theories, nor to the thesis that science simply expresses knowledge.
As we shall see later, these doctrines are partially correct, but are not adequate to cover all aspects
even of the cognitive side of science. We also leave undetermined, at this point, the different
kinds of statement which enter into a science (equations, hypotheses, laws and so on). It will be
the task of the Chap. 10 of this book to pay due attention to those aspects of science that are not
reducible to its providing a system of statements, and that even profoundly determine the way this
system of statements comes about.

3 This assertion does not enjoy general acceptance in present-day philosophy of science.
However we feel entitled to make it here since we leave open, at this point, what ought to be
intended by true scientific sentences. For our present purposes it is sufficient to recognise that no
science exists where there is no aim to discriminate between those sentences which are admissible
and those which are not. The intention of providing an organised system of admissible sentences
is the same aim as that to which we are referring here, i.e. the aim of obtaining true sentences. A
fuller discussion of the problem of scientific truth will be presented in what follows, especially in
Chap. 8.
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evidence individuals’ (subjective) expressions of their own feelings or perceptions.
But this answer is wrong. In fact a physician (i.e., a medical doctor) might take
Mr. X’s statement very seriously, as a real ‘datum,’ and try to infer from it some
initial opinion about Mr. X’s state of health. This means that such a statement is
not devoid of any scientific value in itself, but that it is simply devoid of meaning
for physics, while it has meaning for medicine.

The reason can now be easily given. If Mr. X had said, “The temperature here
is 40 °C,” his statement would have been accepted as physically meaningful, for
physics admits of a certain number of criteria for stating the immediate truth or
falsity of its statements, and among such criteria one finds the results obtained
from the use of thermometers, but not the expressions of personal experiences of
heat. The second formulation of Mr. X’s statement is such as to be testable by
using a measuring apparatus, whereas the first is not, and for that reason one of
them belongs to physics and the other does not, although with regard to common
sense they have nearly the same meaning.

This example has taken us very near to our point. The fact that a given state-
ment can or cannot belong to a certain science depends on the criteria explicitly (or
sometimes perhaps only implicitly) admitted by that science for testing the truth of
its propositions.

This line of thought allows us to give a more exact explication of the rather
vague concept of viewpoint which, as a kind of provisional notion, we adopted
earlier when we said that every science is characterised by a certain viewpoint
from which it considers reality. We can now state more exactly that every science
is characterised by a certain set of specific criteria which are adopted in order to
establish the immediate truth or falsity of its propositions (these criteria being
dependent on the adopted viewpoint). This being the case does not imply that
different sciences cannot in some contexts avail themselves of the same criteria,
and it would not prevent particular sciences from possibly translating sentences of
other sciences into those of their own. However, it is better, for the moment, not to
take such very sensible exceptions into account and, instead, to consider the above-
mentioned criteria as determining clear-cut distinctions between sciences so that,
for example, a certain proposition reveals itself as belonging to medicine if it is
formulated in a certain way, or to physics if it is formulated in another way, as in
the example discussed above.

A closer scrutiny must now be made of the notion of immediate truth involved
in our previous statements. It is intended to provide a more exact formulation of
the intuitive idea of a datum, which is basic in every scientific epistemology.
According to the view we are considering now, a science is regarded as containing
a collection of propositions, while data (in the most usual sense of this concept that
we shall adopt here, i.e., understood as sense-data) are not usually conceived of as
propositions but as the contents of immediate knowledge. A rather obvious feature
which characterises the notion of sense-data, however, is that propositions
describing such data are immediately true, that is, true without need of any further
justification, while other sentences in science, such as hypotheses, are not sup-
posed to be immediately true, but to receive confirmation by a logical procedure
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connecting them to the data. Now, using a locution reminiscent of one that was
rather common some decades ago, we may call those propositions which describe
data “protocol propositions.” As a consequence, we may call criteria of proto-
collarity those specific criteria which, within a certain science, permit the deter-
mination of which propositions are immediately true, that is, the determination of
the science’s protocol propositions. Hence, every science is in principle charac-
terised by its own criteria of protocollarity.®

It appears that the shifting of the problem concerning the determination of the
specific objects of a science in the direction of an analysis of the linguistic
structure of science has in fact enabled us to remove the vagueness implicit in the
idea of a viewpoint, since we can now say that every science selects its own
criteria of protocollarity in order to fix its own immediately true propositions
concerning reality. On the other hand, this transition towards an analysis of the
linguistic structure of science is possible because we recognise that these criteria
of protocollarity are suggested by the specific viewpoints of a given science. For
example, if mechanics consists in a study of nature from the point of view of
matter and motion only, and these intuitive notions are refined through the con-
cepts of mass, length and duration, we are led to look for a criterion sufficient for
establishing whether the proposition “the body A has a mass greater than that of
the body B” is true or not. More than one criterion might come to mind: for
instance, following a certain intuitive impression, we might believe that the right

35 This claim is not affected by the ‘theory-ladenness’ of data, which we shall discuss in the
sequel, since this condition would simply indicate the interconnection of this truth with the rest of
the theory. Let us also remark that we are avoiding for the moment any technical standardisation
of our language so that, for instance, we use “sentence,” “statement” and “proposition” as
synonymous, since they are often used as such in philosophical contexts, with the exception of the
philosophy of language, where they receive a conventional technical diversification. The moment
will come when we shall make use of such technical refinements, but we prefer to wait until we
really need them. On that occasion we shall also call “state of affairs” (again in a technical sense)
that which we here call a “datum.”

We want also to stress that our use of the expression “protocol sentences” is only externally
reminiscent of the same expression as used in the famous dispute over protocol sentences that
took place in the Vienna Circle in the early nineteen-thirties. Indeed, protocol sentences were
advocated by Carnap as the basis of scientific constructions, and were meant by him to be the
report of individual mental phenomena. Because of this they were challenged especially by
Neurath, who opposed to them “physicalistic sentences” (i.e. sentences formulated in the
language of the physical sciences, referring to spatio-temporal features, and for that reason
capable of overcoming the privacy of the subject). Protocol sentences were therefore essentially
subjective (and indeed they reflected Carnap’s initial ‘methodological solipsism’), and are
therefore very different from what we mean by the term here, where they are to provide the basis
for intersubjective agreement. This they can do because they are not based on private perceptions,
but on the performance of intersubjective operations. The criteria of protocollarity are in a way
closer to the ‘physicalistic’ criteria, but even that is not true, since we also admit non-physical
operations (as will be clear in the sequel). In other words, we are using the notion of protocol in a
sense that is very close to that which scientists usually adopt when they simply mean a protocol to
be a sentence strictly reporting the description of a datum, and we shall try to make this idea more
precise and to derive from it some useful analytic features.
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criterion of comparison be that of comparing the respective volumes of these
bodies (such that, e.g., a cube of cork of 2 cm?® would have a mass greater than that
of a cube of iron of 1 cm3). This, however, is not the choice made in mechanics;
for (good) reasons that we shall not explore here, the criterion for comparing the
mass of different bodies consists in putting them on the two plates of a balance and
to attribute greater mass to the one whose plate sinks (through additional refine-
ments this operation of comparison can be standardised such as to become an
operation of measurement that will make of mass a magnitude capable of being
assigned to a single body). This, as we shall see later in detail, happens because the
protocollarity criteria are strictly bound to a privileged set of predicates (of which
“mass” is an example) which enter the propositions expressing data.

However, before showing this, let us note how well the proposed solution works
in the context of the problem of attributing single sentences to different sciences
(under the ‘idealised’ assumption that these sciences have made their criteria of
protocollarity suitably explicit, and that the context of the discourse avoids
overlappings). If, in order to attribute to a sentence an immediate truth-value, we
resort to using a balance, a chronometer and a metre stick, we can say that it
belongs to classical mechanics; if we need to use a thermometer, it belongs (at
least primarily) to the theory of heat; if we must use reagents, it belongs to
chemistry; if we must consult documents in a general sense, it belongs to histor-
iography; if we have to compare different kinds of texts, it may belong to phi-
lology; if we use some standard procedures known as psychological tests, it
belongs to psychology, and so on.* It is clear, therefore, that thanks to the exis-
tence of these criteria of protocollarity, we can solve the problem of recognising
which ‘relativised sentences’ belong to a certain science, for such criteria are at the
same time criteria of relativisation.

One could note, however, that our solution is only partial, since it can only be
used for sentences which are ‘immediately testable’ by means of some admitted
criteria of protocollarity. What is to be done in the case of sentences which are
correctly assigned to a science (such as physics) but which are not immediately
testable by means of the testing methods applied in that science? A full answer to
this question requires further preparation, which we shall provide in the sequel.
But for the moment we can say that an expression belongs to a certain science as
long as it is possible to accept or reject it, either directly or indirectly, on the basis
of the protocollarity criteria which are admitted in that particular science. The two
adverbs, “directly” and “indirectly,” indicate the two possible conditions under

3 These examples indicate that the notion of datum is actually broader than that of sense-datum
we have referred to above for the sake of simplicity (indeed, it is common to speak of “historical
data,” “sociological data” and so on). In the case of the sciences, data are not constituted by
simple perceptions, but, being the outcome of operations, presuppose a certain intellectual
elaboration in order to relate these operations to the ascertaining of those specific attributes that
are investigated by a given science, and must also conform to certain ontological presuppositions
that underlie the conceptual framework of that science. Why this is the case will be explained
later.
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which a proposition can belong to an (empirical) science. Either it expresses a
‘datum’ (in which case it is immediately testable by means of the protocollarity
criteria), or it contains, at least in part, some components which are not imme-
diately testable. In this case, what is needed is that from this proposition some
explicit links may be indicated which connect it (this connection being again
typical of the science involved) with some immediately testable sentences. In this
case we can say that the proposition in question has been indirectly tested on the
basis of the protocollarity criteria.’’

Because of the central role played by the protocollarity criteria, we can say that
they ‘make’ the scientific object in the sense that an object of a certain science is
simply an aspect of reality capable of being described by propositions that can be
directly or indirectly assigned a truth-value by means of the criteria of proto-
collarity of that science. Because of this central role we can dismiss, from now on,
the rather baroque expression “criteria of protocollarity,” and substitute for it the
clearer expression “criteria of objectivity.”

Let us now reconsider the fact that every science admits of some standard
criteria for obtaining its protocol propositions, that is, for obtaining the recordings
of its data. This is obviously possible because these criteria are related to certain
concepts which express properties, relations or functions in the broadest sense of
these terms, and which we shall call predicates for brevity. These predicates are
predicated of a certain ‘thing,” and the role of the criteria discussed above is
simply that of establishing whether this predication gives rise to a true or a false
sentence. For instance, in classical mechanics we use predicates such as ‘mass,’
‘length’ and ‘duration’; and the use of a balance, a meter stick, and a chronometer
are the standard procedures admitted for testing the truth of at least some sentences
involving these predicates. The same kind of consideration can be repeated, with
different degrees of effectiveness and explicitness, in the case of other sciences as
well. It is because of this immediate and privileged link with the objectivity
criteria that we must single out this kind of predicate and give them a special
position. We shall call them the basic predicates of a certain science. They deserve
this appellation because, as we have seen, all the sentences belonging to a given
science must either be entirely constructed by means of them, or be explicitly
bound to sentences which are so constructed.

We are now ready for the last step. Our previous point was that a scientific
object is a ‘thing’ conceived from a particular point of view, the general nature of
the object being determined by means of the criteria of objectivity of the science in
question. Thus the adoption of a given set of such criteria ‘clips out’ some par-
ticular object, while the adoption of a different set of criteria ‘clips out’ a different
object, both from one and the same individual ‘thing.” We can leave aside this
metaphor of ‘clipping out,” and express the matter in a linguistic form. Thus we

37 This statement will be clarified in the sequel when we come to consider the positions of the
various concepts in a theory, the distinction between operational and theoretical concepts, the
function of models, and other related topics.
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should say that an object of a given science contains only (and all) the aspects of a
‘thing’ which may be characterised by the basic predicates of that science. In this
sense (i.e., from a purely linguistic point of view) a scientific object is nothing
other than a bunch of predicates. Many philosophers of science sharing the ‘lin-
guistic turn’ (that reduces any philosophical investigation on science to an analysis
of the language of science) would probably feel happy with this conclusion. We
shall see, however, that an object is by no means a purely linguistic entity, since
the basic predicates which constitute it must be equipped with operations capable
of providing the connection of the object with a reference (a notion that a linguistic
analysis cannot ignore). This is why in our final formulation (in Sect. 2.7), where
we go beyond the purely linguistic level of analysis, we shall come to speak of an
object as a structured set of attributes rather than of predicates, predicates being
only the linguistic tools for denoting the ontological attributes of reality.

2.6 The Operational Nature of the Basic Predicates

Let us now underscore a feature which may be the most decisive with regard to our
criteria of objectivity. It is the fact that these criteria are necessarily operational in
character. This is not surprising, after what we have said about it not being pos-
sible to establish intersubjectivity unless the circle of private sensations and per-
ceptions is broken by means of operations. In addition, it is commonly admitted
that nothing can be more intersubjective in a given science than its data. Now, let
us ask how it is possible to regard as a datum, for example, that a certain board has
a length of 2 m =+ e (e being the margin of error). This means that anyone using a
metre-stick of a prescribed kind, and placing it along the board in a standard way,
must find that the said value is the length of the board. Similarly, if we say that a
certain material body has a mass of 5 g £+ e, we mean that anyone employing a
balance of a specified type, must arrive at this value. As one sees, an operation
(and especially all mensural operations that are typical of physics) always involves
an instrument as well as precise instructions concerning its employment. Both
must be given in order for the operation to be performed, and both must be
understood in the same way by everyone wanting to know the datum. At this stage
the instrument and the way of employing it must be taken as something given, as
things of everyday experience, as non-analysed primitive entities. This implies, in
particular, that the complexity of the instrument cannot be questioned at this stage
and, hence, that even instruments much more complicated than a metre-stick must
be accepted as being involved in the performance of primitive operations.

In this regard we may note, for instance, that modern astronomy, as a discipline
distinct from ancient astronomy, is characterised by the fact that the images
revealed through the telescope are accepted as data. This does not mean that the
use of the telescope was (or is) in itself unquestionable, but as long as this use is
actually questioned such an astronomy cannot begin. Indeed, modern astronomy
could only begin with Galileo, when the employment of this instrument became
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accepted without question within this science. The same can be said with regard to
the microscope. Microbiology is characterised, with respect to previously existent
macrobiology, by its treating as data the results of observations made using this
instrument. Although a microscope is a rather sophisticated instrument, it must be
considered as something primitive within this science, leaving the possibility of
discussing it at length, for instance, to optics.”®

It is now obvious that the use of very sophisticated instruments in electro-
magnetics, nuclear physics, astrophysics and such does not present exceptions or
difficulties from our point of view, according to which every science determines its
data by resorting to operational criteria by means of which protocol statements can
be established. This fact will later suggest many considerations concerning the
historical determinateness and the collective nature of scientific research, but we
must dwell on it somewhat longer at this point in order to clarify the idea of
operation within a scientific context.

It might seem that we have made things too easy for ourselves in our presen-
tation of the nature of objectivity in science, and some readers may not feel
prepared to admit so promptly that the responses of complicated instruments must
be accepted as data without question. It is indeed well known that certain scholars
take the sophistication of modern scientific instruments as evidence of the
impossibility of distinguishing between observational and theoretical concepts in

3% The two examples mentioned here could be further expanded through an historical analysis. A
good account of the conceptual, philosophical, and scientific difficulties which Galileo had to
overcome to gain the acceptance of the telescope as a reliable instrument for observations may be
found in Ronchi (1959). The fact of having consciously based the investigation of nature upon the
use of instruments is therefore an additional capital mark which distinguishes modern science
from philosophy, a mark which, once again, must be credited to Galileo, and which we did not
mention earlier because its importance can be adequately estimated only after what we have said
concerning the operational basis of science.

The extent to which scientific objectivity also depends on instruments in certain ‘negative’
respects may be clear from the second example. Indeed, historians of medicine and biology have
sometimes been puzzled by the fact that several pictures, printed in eighteenth century books,
showed certain bizarre details in the description of tissues and organs. This was not due to a lack
of accuracy or some hidden dogmatic prejudice on the part of the scholars of that time, but simply
to the fact that they were using microscopes with non-achromatic lenses, which made certain
images or details of images ‘apparent’ which were later recognised to be aberrations, and which
were removed with the invention of the achromatic microscope. This example can tell us many
things. In the first place it shows the ‘historical determinateness’ of scientific objectivity (a
feature to be discussed later); second, it shows that data are strictly ‘instrument-dependent’ and
can actually change profoundly when different instruments are available; third, that in spite of this
a ‘correction’ of the data is never possible by comparing them with the ‘thing,” but only by
resorting to new (instrumentally given) data; fourth, the ‘unreliability’ of certain data may hardly
be discovered from ‘within’ the discipline in which they occur, but requires an external source of
criticism. All this amounts to recognizing that data can be mistaken (which means that protocol
statements can also be mistaken), as we have already noted. We leave other considerations aside
and simply add that in order to do history of science correctly it is highly recommendable that the
historian repeat observations and experiments using the instruments which were used during the
epoch he is studying.
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science while, according to our position, even the charge of an electron should be
considered an observational (or better, according to our terminology, an opera-
tional) concept, if we had at our disposal an instrument designed to provide this
value in a direct way, and if such an instrument were employed in the determi-
nation of the ‘initial’ operations.

This psychological difficulty notwithstanding, we claim that these are really
data, and we can explain this rather easily. In the first place, the practice of
scientific research confirms this interpretation. As science develops, its instruments
become more complicated, but this does not prevent scientists from considering
them as capable of providing data in a proper sense. What should they otherwise
provide? The recording of an instrument is always a datum. Such a datum may be
in need of a complicated interpretation (and the purpose of science is constantly
that of interpreting data), but such an interpretation cannot help but accept these
recordings as its starting points, as evidence which must be considered as given.
This, of course, does not exclude that we can question the data if, for example,
they are inconsistent with previous data or are in conflict with well-established
theoretical assumptions. This, however, does not amount to a rejection of the
‘questioned’ data: the effort needed is that of understanding and explaining why
they could occur. Sometimes we might discover that the operations were not
correctly performed, that the instruments were imperfect, that certain unnoticed
perturbing circumstances were at work, and so on. In such cases the ‘aberrant’
datum will be isolated and put aside. This issue will become much clearer when we
come to see that, at least in the natural sciences, not individual data, but regu-
larities are the matter investigated.

Furthermore, these are also data in the most intuitive and even naive sense of
the word. They show themselves to the observer without asking of her any par-
ticular effort of mental processing, simply as the result of the correct execution of
certain operational instructions. The only difference between the operations that
one must employ in order to obtain an objective agreement about the use of the
concept red (as in our previously discussed example), and the operations required
in order to establish objectively the applicability of the notion electric current, is
that in the first case she presupposes (as we have seen) that her interlocutor
already agrees about the use of the notions pencil and selecting from a bundle,
while in the second case her interlocutor must agree about the criteria for the
applicability of the notion ammeter, as well as about the way of performing
certain manipulations with this instrument. But this difference is only due to the
fact that the first establishment of agreement has nothing to do with the science of
electricity, while the second does; or, to put it differently, the first interlocutor is
supposed to be just a person in the street, while the second is supposed to be
someone trained in science. This means that, in order to be ‘admitted into the
discourse’ of the science of electricity, one must know what an ammeter (or some
equivalent instrument) is, just as one must know what, for example, a pencil
(or some equivalent material thing) is, in order to ‘enter into an (everyday)
discussion’ concerning the colour red.
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It is patent from what we have said that the central thesis of operationalism,
according to which scientific concepts are strictly bound to operations so that their
meaning depends on them, is here accepted to a considerable extent. The large
number of examples that Bridgman has presented in his book The Logic of Modern
Physics as well as other papers constitutes a precise and well-known illustration of
this position. By saying this, however, we do not intend to accept all the conse-
quences that Bridgman and other operationalists have drawn from this central idea,
and we shall have the opportunity to discuss certain of them later.”® Yet it seems
that there is a sense in which everyone involved in experimental science must
accept being an operationalist. It is the sense according to which operations enter
in a prominent way into the construction of the scientific object itself. We are
going to see that the structure of the object is much more complicated than the
simple bunch of determinations which can be operationally uncovered, precisely
because it is a structure and not simply a bunch. But the basic truth must not be
overlooked that, whenever we need to indicate the kind of object we are speaking
about, or within which science or theory a certain statement is formulated, the
most appropriate way we have for answering this question is to trace the concepts
involved in this statement back to concepts which are operationally defined, that
is, which are bound to particular criteria of objectivity that specify their domain of
immediate reference.

Before going any further, it may be advisable to meet a couple of objections
which are sometimes addressed to operationalism, and which might also concern
what has been maintained here to the extent that it shares certain features of the
operationalist epistemology.

The first objection is that the idea of tracing every scientific concept back to
operations is patently contradicted by actual science, which is full of concepts
whose definitions are almost completely theoretical and which, in any case, have
no direct link to operations. Operationalists believe themselves to have escaped
this objection by introducing the idea of ‘pencil and paper’ operations, claiming
that every scientific concept is definable at least through operations with pencil and
paper. This idea does not seem a very happy one, as we shall see later, and we
believe that operationalists are mistaken in pretending that every scientific concept
must be operationally defined, while only some of them (and perhaps only a few of
them) are such as to require an operational definition. After this clarification, we
can say that, when we too affirm that the concepts of a certain science must be, in a
certain sense, traced back to their operational basis, we do not mean that this
tracing back has something to do with reduction, or with a more or less liberalised

3 In particular we shall see that the ‘dependence’ of meanings on operations must be understood
in a careful ‘intensional’ way, which allows for the possibility that concepts having different
meanings may be related to the same operations, while concepts related to different operations
must necessarily also have different meanings. The reason for this is that operations are decisive
and determinant with respect to the reference of concepts, and affect their meaning only as far as
the reference has intensionally to do with the meaning, that is, only if it is considered to be a part
of it.
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idea of definition, but, actually, that there must be the possibility of a logical
analysis by means of which one can explicitly see how non-operational concepts
can be connected with operational ones. More details about this logical analysis
will be advanced in the sequel, but let us state that it is just a question of an
analysis, which does not mean the possibility of discovering these links by fol-
lowing, for example, the historical development of a discipline, or even its usual
systematic exposition in a textbook. To give an idea of what we are referring to
taken from a familiar field, we mention the example of the ordering properties of
the points on a straight line, which were implicitly understood by traditional
geometry already in Euclid’s Elements, but were first singled out by Pasch only in
the nineteenth century. These were discovered as the result of a logical analysis of
what was really implied by the propositions of traditional geometry, although no
historical recognition or careful study of the textbooks of this discipline would
have revealed them.

The second objection has to be handled more delicately, for it charges opera-
tionalism with a methodological mistake, pointing out that operations can be
envisaged as useful for testing or verifying a statement, while operationalists
conceive of them as capable of determining the meaning of a concept. According
to this criticism, a confusion between meaning and testability is hidden here.
Meaning is something which is pertinent to a concept, while testability does not
have to do with concepts, but with statements, and is posterior to the institution of
meaning. One can admit that in Bridgman’s and other operationalists’ declarations
such a confusion is sometimes to be found; but, on the other hand, one should
always try to see whether such weak points are necessarily included in what people
intend, or whether they are simply a consequence of the fact that an idea is not
very carefully expressed. Undoubtedly, in our case the second alternative is true.
In fact, if one thinks of the usual conception of the meaning of a scientific term,
one can easily discover that it is taken to represent a certain set of qualities or
properties, or (to express it more technically) it is taken to be an ‘intension’ in
which a certain number of features are, so to speak, summarised.

Now, sometimes some of these features can be attached to operational proce-
dures when testing propositions in which the concept in question occurs, while
some other features cannot. The operationalists’ proposal can safely be understood
as a prescription not to take into consideration, when the statement is tested, those
components of the intension of a scientific concept which cannot undergo oper-
ational manipulation. If one restates the operational point of view in this manner,
no methodological incorrectness remains, since everything now appears properly
considered on the level of meaning. Testability comes into consideration only in
order to privilege certain of the components of the meaning. As we already noted,
the disputable point is whether such a procedure is to be advocated for every
scientific concept, and we have already said that this does not seem to be the case.
Yet we can admit that, for those concepts which have to play a foundational role
for the objects of a certain science, this prescription seems sound; and we should
not be diffident even towards the expression “operational definition” which is
frequently employed for them. If definition may be conceived of in general as a
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procedure for explicitly fixing the meaning of a term (and in such a way we accept
an ‘analogical’ sense for it, not requiring it to be restricted to a linguistic proce-
dure), speaking of operational definitions of operational terms may be accepted.

Let us stress here an interesting consequence of what has been said thus far
(though it will be the object of a more detailed analysis later). The birth of a
science (or of a subdomain of a science, or sometimes also of a new theory in a
given science) appears as something ‘contingent,” in the sense that there is no
intrinsic necessity for it to occur. It is a historical event, that is, something that
happens when a number of persons come to agree about the use of certain
instruments with which they are or become sufficiently familiar, and which they
employ in the same manner. Such a fact could even be conceived of as being
conventional; and it is conventional, if only to a certain extent. But much more will
be said concerning this aspect of the birth of sciences when we speak of the
historical dimension of science.

The history of science clearly shows that this is really how things are. Modern
astronomy and modern microbiology, as has been stressed, could only begin when
a sufficient number of people had agreed to investigate nature using particular
instruments; and the same could be said of scientific psychology, economics, and
so on. This fact helps us to appreciate a statement which risks being misunderstood
when it is received without preparation. It is that, in a science, data too are
conventional.* Certain people find this declaration very puzzling, for data seem

40" This flavour of conventionality concerning data may also be found, at least to some extent, in
Popper’s characterisation of his ‘basic statements’ (which play the role of data in his philosophy
of science): “It is fairly easy to see that we arrive in this way at a procedure according to which
we stop only at a kind of statement that is especially easy to test. For it means that we are
stopping at statements about whose acceptance or rejection the various investigators are likely to
reach agreement” (Popper 1959, p. 104). However, his Logic of Scientific Discovery (and in
particular Sect. 5.4, ‘The Relativity of Basic Statements’) shows rather clearly that what is
involved is not conventionalism in a strict sense, but rather a reference to that intersubjective
agreement among specialists in the field which we too have advocated in the present section.
What is missing in Popper is an indication of the elements which can make this agreement
objective and reasonable, rather than dependent on individual judgements, which could lead to a
real conventionalism. In general one must recognise that Popper lays great stress on the inter-
subjective nature of tests, and because of this he rejects the scientific relevance of the evidence
provided by personal observation (see his criticism of “‘our own’ observational experience” in
Popper 1963, p. 267).

On the other hand, one cannot deny that on other occasions he stresses certain affinities of his
doctrine with conventionalism: “From a logical point of view, testing of a theory depends upon
basic statements whose acceptance or rejection, in turn, depends upon our decisions. Thus it is
decisions which settle the fate of theories. To this extent my answer to the question, ‘how do we
select a theory?’ resembles that given by the conventionalist; and like him I say that this choice is
in part determined by considerations of utility. But in spite of this, there is a vast difference
between my views and his. For I hold that what characterises the empirical method is just this:
that the convention or decision does not immediately determine our acceptance of universal
statements, but that, on the contrary, it enters into our acceptance of the singular statements—that
is the basic statements” (Popper 1972, pp. 108—109). Hence it is not altogether incorrect to say
that Popper advocates a view of science according to which there is a certain ‘conventional
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necessarily not to be open to acceptance or rejection in science (qua data and not
qua correct; as we have seen, their correctness can of course be questioned, but
this does not ‘eliminate’ them), perhaps to be the only things in science which
cannot be subject to conventions.

But now we can see at least one sense in which conventions are actually
unavoidable here. To accept something as a datum depends on the criteria of
objectivity which are admitted by a certain community of researchers—it depends
on the kind of operations which have been selected for ‘clipping out’ the objects of
a certain science. On the other hand, no arbitrariness of any kind is involved in this
fact. Once the choice of the operational criteria of objectivity is made, what is
found by applying these criteria must be considered as a datum. It is somewhat like
the situation determined by one’s preferring to look at a panorama from one
window of a room rather than from another. This choice is surely conventional, as
nobody could say that the panorama looks false if seen from any particular win-
dow. But this conventionality does not imply any conventionalism because, after
having decided to look from a certain window, everything seen from it must be
accepted as a datum, in the common-sense meaning of this term. The arbitrariness
would occur if one denied the correctness of the other ‘viewpoints’; but this is not
the case in scientific practice.

Much more will be said on this point when we come to interpret this ‘contin-
gency,” or weak conventionality, as an historical determinateness. Let us also note
that at this stage of our analysis we neglect the distinction between the existence of
different sciences and the existence of different theories belonging to one given
science, since the questions we are tackling here are still general enough to apply
indifferently to both cases.

It is not without interest to compare the role and the task of operations as they
appear in the treatment of intersubjectivity and as they appear in the determination
of the specific objects of single sciences. In the first context, operations play the
role of concrete procedures by means of which different subjects can reach an
agreement about the applicability of certain notions. In the second context, they
play the role of conditions to be followed in order to introduce basic predicates
and, in such a way, to construct the specific objects of a given science. Clearly,
these two functions differ. Yet they have a deep affinity. Indeed, we stressed that
the criteria of objectivity are operational inasmuch as they are given through the
indication of instruments and of prescriptions for using them. Moreover, the sense
of these prescriptions, as we noted, was that every operator able to follow them
correctly in certain conditions must obtain the same results, results which are the
outcome of the operations constituting the definition of the predicate involved
when festing the claim of any other operator concerning a given datum. This fact

(Footnote 40 continued)

component’ in the data. (See also Popper 1963, pp. 278-279.) This conventionalist element
depends directly on the fact that epistemological dualism is present in Popper and prevents him
from appreciating the importance of the operational dimension in order to solve the problem of
the empirical base (see, e.g., Buzzoni 1982, Chap. 2).
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clearly indicates that the old conditions of universality, invariance and indepen-
dence of the subject, which were the most typical marks of objectivity understood
as intersubjectivity, are also included in the meaning of objectivity when under-
stood as ‘reference to specific scientific objects.’

This is only one aspect of the more general fact that, although the two different
characterisations of objectivity follow independent lines, they turn out to be fully
equivalent or interchangeable. This is so because the same operations, by means of
which the objects of a given science are ‘clipped out’ of reality, are also those by
means of which it is possible to reach that intersubjective agreement which is
needed for the scientific treatment of these objects. Such operations offer, in this
way, the foundation both of the epistemological and of the referential and
‘ontological’ side of scientific objectivity, since we can claim that the conditions
according to which the objects of a science are given are at the same time the
conditions for knowing them objectively.

The reader is likely to find a significant resemblance between the above
statement and Kant’s celebrated claim, “The conditions of the possibility of
experience in general are at the same time conditions of the possibility of the
objects of experience themselves, and thus possess objective validity in a synthetic
judgement a priori.”*" Yet some differences with respect to Kant must also be
stressed. First, the operations are, according to our conception, conditions which
belong to the particular structure of scientific knowledge, and do not, as is the case
with Kant’s a priori, belong to the structure of our understanding in general.
Second, in the case of Kant, the dualistic presupposition remains fully active and
expresses itself through the famous “distinction of all objects in general into
phenomena and noumena.” For us, on the contrary, objects are part of reality (i.e.,
that part which has been ‘objectified’ through the operations), and are not some-
thing ‘behind’ which or ‘under’ which reality remains hidden, as in the case of
Kant’s noumena. What is not included within a certain objectification is by no
means an unknowable, but simply something which has not been taken into
consideration in that objectification, but which may enter some further
objectification.

We shall develop this point later, when we treat more specifically the problem
of the ontological status of scientific objects. For now, let us devote our attention
to a deepening of the notion of the structure of a scientific object, of which we
have thus far indicated only some initial features. Let us only mention, before
entering upon this analysis, that the way of characterising scientific objects we
have outlined here will provide us with a useful perspective when we come to
interpret scientific change. We shall see, actually, that in several cases new dis-
ciplines, or new theories within the same discipline, may be interpreted as
investigations of new objects, which depend on new ‘viewpoints’ on reality, and
which are themselves equipped with suitable criteria of objectivity.

*!' Immanuel Kant, Critique of Pure Reason, A 158-159, B 197—198.
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The clarifications given in this section provide a clear basis for a distinction
which has too often been neglected in the philosophy of science inspired by logical
empiricism, that is, the distinction between laws, hypotheses and theories, which is
important especially in physics. We shall be specifically concerned with this
distinction in Chap. 7, and shall offer some preliminary indications on this topic in
the Sect. 2.7.%

2.7 The Role of Theory in the Making of Scientific Objects:
The Object as a Structured Set of Attributes

2.7.1 The Scientific Object as an Intellectual Construction

What we have stated in the preceding section could easily be interpreted as the
expression of an empirically-minded approach to the problem of objectivity in
science. As a matter of fact, it represents the correct admission of the undeniably
empirical aspects of that objectivity and, moreover, it would be strange if
empirical science had little to do with experience. But also another side of science
must now be investigated, which will show us how experience alone is insufficient
for the construction of scientific objects (including experience extended in its
operational dimension).

In order to open the way to this complementary discourse, more than one
possibility is at hand. We select the one implicit in the thesis which has directed us
from the beginning of our investigation, namely the fundamental identification of
objectivity with intersubjectivity. We have already noted that what can be shared
by a community of subjects is certainly not their ‘experienced’ knowledge of
things, that is, their awareness of the various features that reality shows to each
individual observer. It follows that, sensory qualities of things being private, they
are not expected to constitute the content of intersubjective, or objective,
knowledge.

Such a conclusion might sound rather strange, especially if applied to the
‘empirical’ sciences which seem completely immersed in the consideration of
material things which reveal themselves through the testimony of the senses. But,
notwithstanding this, we must admit that the actual situation is at variance with
such an intuitive picture. Indeed, philosophers should be ready to find such a
conclusion acceptable, and even familiar, for in the history of philosophy uni-
versality has always had to pay the specific price of not being related to sensations.
The only possible way of avoiding this detachment from sensations is to declare
the universality of concepts to be a pure fiction or some such thing. The reason for
this impasse is that sense perceptions are inevitably private while intellectual
concepts are normally considered universal.

42 The distinction between principles, laws and theories constitutes the core of Dilworth (2007).
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The consequence for our problem must then be the following: if the ‘object’ of
a science is, by definition, something which must (in principle) be an object for all
subjects, it cannot be but an intellectually constituted structure.*> Here again we
may point to a possible difficulty, namely that the idea of ‘intellectually con-
structing’ something seems to indicate a certain amount of possible arbitrariness in
this construction; but we have already discussed the true sense of such an alleged
arbitrariness, and need not repeat that discussion here.

Moreover, it is very easy to see how the operational character of the basic
conditions of objectivity must result in the intellectual nature of the scientific
object. When we perform an operation, what we can perceive by the senses are
certain physical states of affairs such as the positions of indexes on the dials of
instruments, or the change in colour of certain reagents and so on. But what we
attribute to our object as a consequence of receiving these sensory impressions are
abstract qualities, usually represented, moreover, by numbers or similar mathe-
matical expressions.

Note that even the most vivid and direct sense perceptions, when they are
translated into the language of physics, suddenly become so many abstract fea-
tures. Think for instance of different colours which are perceived by our eyes in a
beautiful variety of sense impressions, but which ‘become’ for physics just a series
of electromagnetic waves of different frequencies. Should we affirm that such
‘colours’ of physics are not to be taken seriously? Quite the contrary, most people
would be inclined to regard them as the ‘true’ colours, taking our sensibly per-
ceived colours simply to be a result of our subjectivity. This position is mistaken,
as it confuses two different levels: that of ‘things’ and that of ‘objects,” as we have
already noted. Colours as ‘things’ (though not as independent existents) are per-
ceived by our sense receptors (eyes), but they are for this very reason not objective
and therefore fall outside of the domain of science; colours as electromagnetic
frequencies are detected by instruments and thought by our minds, and as such
they are not sensory, but can be objective. In any case, nobody could perceive
colours as electromagnetic waves frequencies, but only think of them this way, the
great advantage of this fact being that even a blind man, unable to perceive
colours, can nevertheless know their objective representation as given by physics,
if he learns optics and the optical theory of colours as electromagnetic frequencies.

This is certainly a decisive argument in favour of the view that scientific objects
are really not bound to sensibility. This example tells us that all the resistance to

43 Let us quote in this connection a particularly eloquent statement of Mathieu: “The publicity of
the object decides upon the way in which it is constituted, as well as upon the nature of what it
contains. The simple requirement of being ascertained by a subject would lead us to make the
object a content of sensation, since the sensibility of the subject is indeed the means for revealing
the object. For many subjects, on the contrary, the object is not related to sensibility, for
sensibility does not belong to ‘several’ subjects, but to each subject individually. The requirement
of being known to many—which is a simple step towards being valid for all—therefore confers a
different value to objectivity, it makes the object as such something no longer related to
sensibility, but to intellect” (Mathieu 1960, p. 25).
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conceiving of objects as intellectual constructions comes from the confusion
between the ‘things’ of everyday experience and the objects of scientific inquiry,
and people who seriously take this difficulty as an objection against the intellectual
character of scientific objectivity show by so doing that they are unaware of this
fundamental distinction.

Of course all scientists, all researchers, when performing a set of operations
accepted in their science, have sensory experiences. They see colours, read figures
printed on tapes, record positions of indexes and so on. Yet as soon as they express
the results of these operations in an objective way, all becomes colourless and
abstract but, at the same time, sharable by a multitude of fellow researchers every
one of whom, on the other hand, when performing the same kind of operations in
order to test these results, will usually reconstruct a sensory picture of the world,
will reincarnate those abstract entities in some sensorily well determined way. But
this last state of affairs will again be subjective, as no one will be able to perceive
the perceptions our new observer has when performing the relevant operations, just
as no one was able to perceive the perceptions of the first individual to perform
them.

After having examined one fundamental reason for the object’s being an entity
determined by means of ‘abstraction’, that is, the reason implied by the require-
ments of intersubjectivity, we can proceed now to a further one, which we already
began to consider when we noted that the result of applying operational criteria is
that of providing ourselves with abstract or mathematical representations. That this
is the case is already a non-negligible indication of the kind of ontological status
that might be attributed to the scientific object; but there is more to be said about it.
In fact, every operational procedure reveals one single feature to be attributed to
the object so that, after performing all the operations we need, we have a set of
such features. But no object of any science is represented by a pure collection of
features; it is always a structured collection, in the sense that all these features are
mutually connected by certain mathematical and/or logical relations, which are not
obtained directly from any instrument, but must be arrived at through the intel-
lectual activity of the researcher. To this end, it seems clear that besides the
capacity of forming sensory perceptions, we must be provided with a capacity for
synthesising them. That these capacities cannot be identical may be seen from the
fact that the same perceptual elements can be assembled in very different ways.
This has been clarified even at the level of ordinary perceptions through the
research of Gestalt psychology, but it is even clearer at the level of scientific
concept formation, where much greater freedom in such an ‘assembling of ele-
ments’ occurs.

A rather delicate epistemological situation seems involved in what we have
said, that is, that the different features which we can express operationally seem to
require being considered as belonging to an entity which we need to denote as
‘something’ through the use of a name. Intuitively speaking, one might say that all
this is obvious, since the objects are always obtained as the result of applying
operational criteria (linked with certain specific viewpoints) to certain ‘things’; and
what is found in such a way must be conceived of as belonging to these ‘things.’
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This explanation is not psychologically unacceptable, and can also give rise,
moreover, to important philosophical considerations regarding the nature of sci-
ence, but it is of little use ‘within’ science itself. The alternative, which science has
to offer, is therefore a system of logical connections providing a sufficient set of
links between the different isolated features made evident by the empirical or
operational inquiry in question. We call these links ‘logical connections’ in order
to include under a rather general rubric not only mathematical relations, but also
those non-mathematical kinds of relations which may be found in science.

Through this intervention of logical connections, theory makes its first
appearance in science, in a sense which is more primitive and more basic than that
which is most common in the literature. For when reference is made to theory in
science, what is usually meant is a system of statements, some of which are
accepted as hypotheses while the others are logically bound to these hypotheses
and to one another so as to provide us with explanations, tests and so on. This
conception is correct as far as it goes, but it seems more significant to consider as a
distinguishing characteristic of theories that the logos is called into play, as
something distinct from experience; therefore we must recognise that theoretical
involvement in science begins much earlier than at the level of theory construction
proper. Indeed, it appears already at the stage of concept formation and is a
prerequisite for that effort of explanation that is considered as the most specific
task of theories. This point will become clear in the sequel, when we specifically
devote our attention to theories proper. For the moment let us simply see how, by
reflecting upon this fact, we can acquire insight into the much debated question
concerning theoretical terms, which we shall start to examine here and submit to
further scrutiny in Sect. 3.2.**

It is due to the presence of the ‘logical links’ among operationally established
features of reality that what are called theoretical terms make their first appearance
in science, for at least two reasons. The first is that, when a set of predicates is

4 What we are saying in this chapter does not provide a full account of our view, since it can
give the impression that we intend that scientific investigation proceeds by first establishing loose
operational features, then bringing them to a conceptual unity, and finally by reaching a
theoretical picture of the domain of objects involved. This impression may result from the fact
that we are obliged to expose the parts of our discourse in a succession. But we do not maintain
that unity really comes after its elements. We think rather that a certain unity is there at the stage
of ‘clipping out’ the objects, and that its elements become explicit by means of an appropriate
introduction of operational and theoretical means. This is in some way expressed by the idea of
viewpoint which we have frequently used, and which will be the object of a detailed presentation
when we come to speak of the ‘hermeneutic’ nature of theories and of a particular meaning of the
notion of model connected with this nature. Let us also note, incidentally, that our distinction
between thing and object—in which the object is conceived as a ting considered from a certain
point of view—is reminiscent of the distinction between “material object” (corresponding to our
“thing”) and “formal objectr” (corresponding to our “object”) that was common in traditional
epistemology. We are not resuming that old doctrine because its terminology (being strictly
linked with the Aristotelian theory of the matter-form relation) could be hardly understood in its
proper sense today, and in addition we have enriched it with several new elements that were
absent in it (especially the operational constituent of the object).
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structured so as to produce a unity and reveal their interdependence, it becomes
practically inevitable, as we have just stressed, that we give this unity a name.
While we have advocated the naming of such a unity for certain psychological
reasons, we can now recognise that it is implied by the notion of objectivity itself.
Since the object is the result of applying certain criteria of objectivity to reality,
when those features of reality are objectively established and linked together, the
object exists and, given that it exists, why should one not be entitled to give it
a name? A mistake would occur if, by this name, one were to conceive of the
object as something that has these properties, as some underlying hidden reality
that shows certain features, while in fact the object simply is these properties or
attributes (remember that in this work the term “attribute” is used in its technical
ontological sense, that is, not as a particular element of language—as we use this
term in in grammar—but as a feature of reality, such as a property, a function, or a
relation which may be denoted by a predicate of the language) or, better, the
structured set of them. But, on the other hand, one is also obliged to recognise that
the object must necessarily be designated by a theoretical term, for individual
operations can show that such-and-such attributes are present but, as we have
already stressed, such individual operations cannot show that certain attributes
belong together; nor can they show, more particularly, why they ought to be
grouped in one way rather than another. For this reason not only is the object
necessarily the result of a theoretical construction, but this fact already implies that
theoretical terms are necessary in science, at least for naming its objects and for
‘making sense’ of the operationally obtained empirical results. Obviously, theo-
retical terms are even more indispensable at the theoretical level proper, that is,
when ‘theoretical entities’ are postulated in a theory in order to provide
explanations.*’

Let the following examples clarify our point. If the sun, the earth, the moon
(which are ‘things’ of common experience) are considered only as far as they have
a mass, a position in space and time with regard to some frame of reference, a
certain velocity, and are subjected to the force of gravity, while we disregard all
their other possible features, including their having a volume, we are considering
them as ‘material points’ and studying them as objects of classical particle
mechanics. The term “material point” is a theoretical term in our sense because it

4 We cannot express our view with the necessary completeness at this point, but in the sequel
we shall introduce a more detailed semantical analysis, according to which it will be possible to
see that a scientific object can be understood, in one sense, as an abstract object, univocally and
exactly determined by the properties it ‘encodes,” and in another sense as one of the many
concrete objects which ‘exemplify’ the said abstract object. The language used in science (and
not only there) must possess terms for denoting abstract objects, no less than terms for denoting
concrete individuals, and this simply because terms denoting abstract objects are also needed for
referring to individuals exemplifying such objects. For example, we not only need proper names
such as Rome, Napoleon and The Iliad for denoting particular individuals of different kinds, but
we also need general names such as house, dog and electron, in order to say, “this is a house,” “I
have seen a dog,” “an electron has been emitted.” This semantical analysis will be introduced in
Sect. 3.4, and continued through Sect. 4.1.
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is not the name of some operationally determinable attribute,*® but of the result of
the particular way such attributes are connected in a unity. If we consider a table,
and in addition to the above attributes we also consider its dimensions in space, it
is viewed as a system of material points. If in addition we consider the fact that the
distances between two arbitrary points of this system will remain constant during
its motion, the table is thought of as a rigid body, and this is again a theoretical
concept.

Note that the question whether a ‘thing’ may become an object of a certain kind
must be operationally tested and receive a positive or negative answer within the
limits of approximation which are determined, from the one side, by the accuracy
of the instruments and, from the other, by the specific problem in question. For
example, the sun, the earth and the moon can be considered as material points not
because they have no volume, nor because we are unable to measure them within
certain limits, but because the consideration of their volume is irrelevant from the
point of view of celestial mechanics. Similarly, a table may be considered as a
rigid body in many contexts, while it might be considered as an elastic body in
others. On the other hand, a liquid in a glass container could never be considered a
rigid body since operational tests show that it does not satisfy with any accuracy
the defined conditions for being one. Let us explicitly note that what we have said
applies not only to objects which are more or less intuitively related to things, but
also to processes. This means that not only are ‘material point,” ‘rigid body,” ‘ideal
gas,” ‘electric current’ and ‘perfect fluid’ examples of theoretical concepts, but so
are ‘elastic recoil,” ‘adiabatic transformation,” ‘uniformly accelerated motion’ and
SO on.

Until now the contribution of theoreticity to the construction of scientific
objects has been seen essentially as a consequence of the need of linking together,
of bringing to unity, certain operational predicates. Many more objects, however,
are usually admitted in the sciences by means of explicit definitions or contextual
definitions, depending on the enrichment of the meaning of scientific concepts
deriving from their occurring in laws and theories. This point will be fully clarified
later, but we want to offer an initial appreciation of its importance through the
critical examination of an interesting issue.

2.7.2 Scientific Objectivity and Idealisation

The conception of objectivity presented in this book fully captures the basic ideas
of the ‘idealisational’ approach which has been especially developed by the Polish
school of philosophy of science in recent decades, and of which the contributions
of Wladislaw Krajewski and Leszek Nowak have been particularly significant. Our

4 Tt is not important that in our specific example of the celestial bodies these attributes, such as
mass and velocity, cannot actually be determined operationally, but can only be calculated.
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position shares their thesis that mature science is characterised by the increasingly
developed use of idealisations, for this means, in our terms, that it is characterised
by an increasingly precise use of objectifications (since objectifications, as we
have seen, result from isolating only certain features of reality included in a given
point of view and disregarding all the rest, which amounts to considering only
certain of reality’s attributes and accepting only the respective predicates in the
scientific language).

There is, however, an important point on which the idealisation approach differs
from ours. Indeed, for that approach idealisations are not to be confused with
theoretical concepts, since on that approach the former have no referents, while the
latter do (e.g., there exist no material points—they say—while electrons do exist).
Some misunderstandings must be clarified. First of all the meaning of “theoretical
concept” accepted by these scholars coincides with that of the logical empiricist
tradition, in spite of the fact that they want rather to oppose that philosophy of
science; our meaning is different. But apart from that, a substantial and not a
terminological issue is at the root of the difference, and has to do with a philo-
sophical misunderstanding.

Indeed, if we take the claim of the philosophers emphasising idealisation
seriously, we must say that only individual concepts (such as ‘Socrates,” ‘Rome,’
‘the sun’) can have a reference. In fact any general concept designated by a
definition contains only a finite number of characteristics, and there exist no things
which contain only those characteristics. However, the mistake here is the con-
fusing of ‘abstracting from’ or simply ‘disregarding,” and denying; abstraction is
by no means negation. So, if we define man as a rational animal, we abstract from
(or disregard) the fact that concrete men have eyes, legs and hands. But this would
never lead us to say that the concept ‘man’ has no referents simply because ‘real
men’ have eyes, legs and hands. Similarly, all idealisations must be seen as
concepts in which abstraction is made from a number of features; but what
characterises these concepts are their positive marks. Therefore, it suffices to see
whether—within the context of our investigation—the said positive features are
testable—with the accuracy required by that context—in order to find the referents
of these concepts.*’ Hence material points exist no less than electrons in the sense
that the criteria of referentiality needed for finding them are essentially not dif-
ferent from those needed for electrons. More will be said regarding this question
when we come to discuss the issue of realism.*®

We would like to say rather that even the difference between ‘empirical laws’
and ‘idealisational laws,” proposed by the idealisation philosophers, should be
handled with care. If we accept (as we do) that an empirical law is the expression

T A pertinent distinction between abstraction and idealisation is made by Dilworth, who is very
sympathetic to the idealisational approach (see e.g. Dilworth 2007, pp. 123-127).

“8 To use a terminology adopted by Edward Zalta (see his 1988), we can say that scientific
objects exist as abstract objects (i.e. as intellectual constructions) that encode certain properties,
while not being purely abstract since they are exemplified (within certain margins of accuracy) by
concretely existing objects or ‘ordinary objects,’ that is, by things of ordinary experience.
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of some ascertained regularities in the results of certain operations, this law cannot
help suggesting a certain relation between the attributes connected with these
operations, and hence also between the predicates which denote these attributes,
introducing in such a way a certain unification that (as we have seen) produces a
theoretical concept, a concept that does not consist in a single predicate, but in the
apprehension of a more or less complex intellectually conceived structure. At this
moment the law already begins to be idealised, because it is understood that in
every concrete application it will be satisfied only within a certain degree of
approximation (and this happens, as we shall see later, because not all of the
properties of the ‘thing’ are included in the concept of the object).*’

The decisive step, however, occurs when we try to explain why the empirical
law holds, and possibly why its application is less satisfactory under certain par-
ticular conditions. At this stage a conceptual model is introduced, which causally
explains the laws governing the process in question; it is again a theoretical
construction and its effective elaboration and clarification constitute the theory
explaining the laws involved. In this new context all laws become idealised, since
they must be exactly explained in the model (or theory); and the limited scope of
their application is also explained as a limited applicability of the model (or
theoretical concept, or idealisation) being used. To remove these limitations a new
model must be produced. The perhaps simplest and best studied example is that of
the Boyle’s and van der Waals’ laws for gases, concerning which we refer to the
discussions in Krajewski (1977) and especially Dilworth (2008, pp. 101-107).

At this point it may be clear that, using our terminology, we should rather say
that empirical laws have been transformed into theoretical laws (that is, laws
justified within a theory which, in particular, entails that their expressions involve
theoretical terms). Moreover, it may happen that the theory itself allows for the
discovery (by means of a suitable deduction) of new laws which are therefore
theoretical, and may turn out also either to be empirical (if they can be opera-
tionally tested directly), or to remain theoretical (if their testing is only indirect and
coincides more or less with the admissibility of the theory as a whole).

This comparison with the idealisational school provides us with the opportunity
to clarify how our sense of objectivity does not entail any incorrect form of
essentialism. Indeed the representatives of this school (Nowak more so than
Krajewski) explicitly advocate essentialism. There is an aspect under which this
essentialism is unquestionable, and it corresponds to the fact that idealisations in
general and idealisational laws in particular fully determine the ‘essence’ of the
ideal model. This is unquestionable in the sense that they specify exactly ‘what this
model is.” However, beside this claim we find another one, that is, that science
allows us to grasp the essence of things: “theoretical science penetrates through
this surface into the essence of the world” (Krajewski 1977, p. 25). Here the
‘dualistic’ conception of the essence as something lying behind the surface of

4% This line of thought can be found in the distinction between phenomenal and mensural
experience proposed in Dilworth (2007), e.g. pp. 93-94.
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appearances is patent, and is even made more explicit by a distinction of “main
(primary)” and “side (secondary)” features of reality, while it is declared that “an
idealisational law takes into account only the main factors.” >’

It is now clear why the representatives of the Polish school have maintained that
Galileo was an essentialist. Krajewski says, for example, regarding Galileo’s law
of falling bodies, “Galileo’s law grasps the essence of falling” (ibid., p. 26). They
have done so because they have given an essentialistic meaning to the Galilean
way of doing science, not only in the unproblematic sense of determining the
essential features of certain ‘affections’ of physical reality, but in the more
engaging (and untenable) sense of a dualistic conception of the essence, which
might return their philosophy of science to a pre-Galilean epistemology.’’

If readers feel some psychological difficulty in following the above arguments,
we might suggest that they analyse them well in order to see whether this difficulty
is not bound to the confusion between object and ‘thing’ and, perhaps, also to what
we term the dualistic presupposition. As a matter of fact, in everyday language we
are used to saying not that a thing is its properties, qualities, features and so on, but
that it has them. The reason we do so, and the conditions under which we do so
without giving rise to misunderstanding, have already been discussed in the sec-
tion we devoted to the problem of substantialism and essentialism. However, no
possibility of introducing a distinction between ‘constitutive’ characters and
‘predicated attributes’ is possible in the case of scientific objects in any ontological
sense. (We shall see in the sequel another sense in which it is possible.) It follows
that only an implicit presence of the dualistic presupposition might incline us to
think that objects have attributes instead of being (the totality of) them. Objects
would be conceived of as the hidden ‘substrata’ of their properties which is, as we
have seen, an incorrect way of thinking even in the case of ‘things,” and is a
fortiori not tenable in the case of scientific objects that are endowed with no other
attributes than those explicitly recognised as constitutive of them.

2.7.3 Operational and Theoretical Concepts

The preceding discussion helps us to appreciate a second reason for the presence of
theoretical terms in science, namely that, in order to assemble or give structure to
operational or observational properties, many steps are usually needed before we
obtain a satisfactory intellectual picture, i.e. one capable of representing an object.
Such steps are, in themselves, of the same conceptual nature as the one we have

30 For this discussion see especially Krajewski (1977), pp. 25-26.

51 As we have already seen in our discussion of essentialism, Locke’s notion of essence is clearly
dualistic, and can be considered in keeping with modern science. Therefore we are not surprised
to find it also in many present philosophers of science. We have also shown, however, that this
‘dualistic presupposition’ is intrinsically unjustified and that it hinders a fully realist interpretation
of science.
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been illustrating, and follow an increasing order of complexity, giving rise to
successive intellectual syntheses. They result at the very beginning from the
making of certain logical or mathematical links between operational terms, and
may later result from the making of logical links between operational and already
established theoretical terms. At a later stage they may result from links between
purely theoretical terms, and so on. Since such a procedure in actual science has
usually taken much time to develop, one may well have, for example in textbooks,
certain systematic expositions of a science in which only theoretical terms are put
forth at the beginning as the ‘primitive’ ones. We have already explained however
that this does not prevent us from analysing these concepts and tracing them back
to their operational origins when our interest is in a foundational inquiry.

What we would like to avoid, however, is the impression that some kind of
reduction or even elimination of theoretical terms might be implicit in our anal-
ysis. As a matter of fact, what we said about the relationship between operational
and theoretical concepts in our discussion is reminiscent of another classical
discussion, in which the reciprocal position of observational and theoretical terms
has been given close scrutiny. We need not recount the details of that discussion,
which originated with the claim (which one can find already in Russell) that it is
only a question of patience and logical skill before one discovers a chain of
definitions by means of which every theoretical term in an empirical discipline
may be connected with purely observational terms. In such a way, definitions
being by their very nature tools for dispensing with the concepts they define—once
one has established the defining terms (i.e., those which occur in the ‘definiens’)—
the conclusion seemed obvious that it is possible, at least in principle, to ‘elimi-
nate’ theoretical concepts and to restrict science to using only observational ones.

It is well known that the concrete execution of this program, started by Carnap
and developed by him and several other scholars, eventually led to a negative
result which was due not only to certain formal logical difficulties, but especially
to the impossibility of drawing a sharp distinction between theoretical and non-
theoretical terms (as Hempel and Quine, in particular, have shown).>?

The trouble with this long story is, in our opinion, that it has somehow obscured
the very nature of the problem, for it has given the impression that it is only as a
matter of fact that we are unable to bring the reductionist programme to its
intended end, and that this programme is in itself and in principle sound and
philosophically tenable.>® In order to see that this is by no means the case, let us
ask what it would have meant had the programme been successfully carried out;
or, more simply, let us consider those cases where a certain theoretical term
actually happens to be immediately definable, or analysable, or decomposable, in

32 See Agazzi (1981a) for a survey of this issue. It must be noted, however, that a deeper reason
for this failure was the fact that these authors were unable to appreciate the difference between
laws and theories. We shall explore this issue later.

53 By saying this we do not intend to underestimate the numerous criticisms regarding the
observational-theoretical distinction elaborated also within analytic philosophy. Let us mention,
just as an example, Putnam’s paper ‘“What Theories Are Not’ (in Putnam 1975 I, pp. 215-227).
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terms of certain operational constituents which cohere by virtue of some simple
logical or mathematical connections.

Would this mean that the theoretical concept has been proven to be eliminable
from science, or that its meaning is reducible to the operational concepts? By no
means, because, as a matter of fact, we should simply have found the operational
constituents of the theoretical concept, while their ‘cohering’ in that particular way
could never be the simple result of their own natures, and hence we should miss
this cohering factor after the ‘reduction.” To express this in greater detail, we
should say that the logical network™* by means of which the different operational
(or observational, or empirical) constituents of a scientific object are assembled
into a unity, such that the object can be identified and receive a name, allows us to
perform an analysis of the theoretical concept. This analysis, on the other hand,
cannot be a reduction simply because, after the analysis, we are in the presence of
two things, namely, the separate operational components and the structure (logical
network) in which they were embedded. Therefore it is incorrect to say that the
meaning of the theoretical concept might lie completely in its operational or
empirical constituents, simply because the very same constituents would give rise
to a different (theoretical) concept if they were given a different structure. Thus we
conclude that if their operational components are not sufficient to distinguish the
meanings of different concepts, then it is possible neither to reduce this meaning
completely to these components, nor to eliminate its theoretical side.

The interesting fact is that the above discussion, which recognises the relevance
of both operational and theoretical elements in science, does not only entail a
critical revision of the extreme empiricist conception of science, but also affords a
decisive criticism of the extreme ‘idealistic’ conception of science, according to
which scientific objects (and especially objects of physics) are simply mathe-
matical structures.>® It is therefore worthwhile to consider briefly in which sense
we can claim that scientific objects have a ‘mathematical structure,” without being
identical with such structures themselves.

5% We use the expression logical network (as we used logical links earlier) in a loose sense,
without specific reference to well-defined formal features. Moreover, at this stage of our
presentation, several elements are still missing which could make the meaning of this “logical”
more precise, and link it with the ‘gestaltising’ function of the intellect, rather than with the
deductive patterns which are more commonly associated with the notion of logical.

55 This view sometimes surfaces in Heisenberg’s pages, for example when he says, “The
elementary particles in Plato’s Timaeus are finally not substance but mathematical forms.... In
modern quantum theory there can be no doubt that the elementary particles will finally also be
mathematical forms, but of a much more complicated nature” (Heisenberg 1958b, pp. 71-72).
However, one should not overemphasise these claims; a few pages later he says, “When modern
science states that the proton is a certain solution of a fundamental equation of matter, it means
that we can from this solution deduce mathematically all possible properties of the proton and can
check the correctness of the solution by experiments in every detail” (ibid., pp. 74-76). This
mention of experimental check certainly mitigates the ‘idealistic’ flavour of the former
statements.
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It is certainly possible to give some credit to the Pythagorean conception of
physical objects, according to which number is the essence of physical reality. As a
matter of fact, we recognised that the objects not only of physics but more gen-
erally of every science must be conceived of as a network of relations, the basic
ones being established among attributes which are operationally determined
through the use of instruments, and which are often already expressed in the form
of abstract quantities, and the subsequent ones being obtained by a more or less
complicated mathematical processing of these initial data.’® Now, if we consider
mathematics as it is conceived of today, that is, as a ‘science of relations’ rather
than as the ‘science of quantity,” it follows that a scientific object must be con-
sidered, in a way, a mathematical construction.

This conclusion is valid provided that, first of all, one does not take it in an
epistemologically ‘dualistic’ sense, which could be expressed, for example, by
saying that the scientific object is nothing but a mathematical construction because
only such a mathematical ‘surface’ can be studied, while the ‘deeper reality’ must
be left untouched. Nothing of this kind, on the contrary, has been claimed here.
What emerges from our considerations is that every scientific object, in being a
network of relations, is particularly well suited to being studied mathematically,
but not that each such object is mathematics and nothing else. We could say that it
is thoroughly abstract without being wholly abstract. In other words, just as we
have admitted above that empirical constituents represent only a part of scientific
concepts, here we claim that the same is true with regard to their theoretical
structure. And again, just as we have noted that the same operational components
give rise to different objects when they are framed within different theoretical
structures, now we must note that the same theoretical structure gives rise to
different scientific objects when it is ‘filled out’ by different empirical elements.

2.7.4 The Nature and Structure of Scientific Objects

The question just hinted at is rather intriguing, for one cannot see at first glance
how to distinguish a mathematical structure from a mathematically structured
realm of, say, physical properties. The answer comes from a distinction between
the nature and the structure of a scientific object.

We must remember that, according to our view, operations determine the
nature of the scientific object—or its ontological status as we shall call it later—
(as they ‘clip it out’ of reality, and determine the basic attributes that constitute it),
while logical and mathematical constructions determine its structure (that is, the
structure of the set of operational and non-operational attributes involved). When

56 As we have said, this is especially the case in physics, where a special terminology is used,
according to which what we have called attributes are called parameters, and magnitudes when
they are measurable properties.
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we have a ‘mathematical model’ of some aspect of reality, we have in a certain
sense the structure, without as yet having a definite realm of objects to which this
structure can be assigned. On the other hand, if we simply have a collection of
data, obtained by employing certain accepted operational criteria, we have a
material whose nature is already determined (in the sense that its pertinence to a
certain science is already established), while its structure is still in need of further
determination. The proof that the nature and the structure of a scientific object are
really distinguishable may be offered by considering that one and the same
mathematical model can often be successfully applied to very different fields of
research—that is, to different kinds of scientific objects—while, on the other hand,
the same set of data may frequently be structured according to more than one
mathematical model.”’

The importance of this remark should be clear. We can fully appreciate the
similarity or even identity of structure (isomorphism) of different scientific
objects, without misconceiving it as meaning that the objects themselves are
identical. In order to recognise their difference, we simply have to check whether
the operations, by means of which this common structure is referred to reality,
are actually different in the different cases. We could also express this view by
stressing that a mathematical structure simply indicates the possibility of a
physical object, but its existence as a physical object must be ascertained oper-
ationally. A significant example in this sense is offered by quarks, the notion of
which had been introduced on a purely theoretical basis for solving many diffi-
culties in elementary particle physics. For a while practically ‘everything’ was
known of these quarks (charge, mass, spin, magnetic momentum, and so on), so
that they had the status of a satisfactory ‘mathematical model.” This was not
enough however for qualifying them as physical objects; and indeed there were
physicists who believed that quarks existed as physical entities and ‘searched’ for
them (i.e., they performed those operations which could allow physicists to
‘observe’ them), while other physicists believed that they ‘existed’ only in a
mathematical model. Only the operational discovery of actual quarks could
eventually prove their existence as physical objects; until then they ‘existed” only
in mathematical models.

The question now becomes clearer and, more particularly, we now find
ourselves in a good position to grasp the possibility (and therefore also the

57 For an example of the first kind we can consider Coulomb’s law concerning the attraction of
electrical charges, the analogous law for magnetic poles, and Newton’s law of gravitation; they
have the same mathematical form but apply, respectively, to electric charges, magnetic poles, and
masses, which are very distinct physical attributes. For an example of the second kind consider
any physical law which can be satisfactorily embedded in different mathematical models, such as
the empirical laws of geometrical optics, which can be formulated in wave-like and particle-like
mathematical formalisms. More generally, the mechanical models of the electromagnetic field
constructed at the end of the nineteenth century showed (to the extent that they were successful)
certain formal or structural features which they had in common with the electromagnetic field,
while their respective natures remained distinct.
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methodological necessity) of distinguishing a mathematical model from an
empirical (operational) structure—two notions which can easily be confused.”®

The possibility of conferring on a mathematical model the role of expressing,
say, the structure of a physical object is given by there being actual operations
among those accepted as providing protocol criteria for physics which give results
in agreement with the mathematical model. If this is not the case, we are simply
left with a mathematical model, but not with a model of a physical object (i.e., this
model does not express any physical structure). But one could now ask: what is
then a mathematical model, considered in itself? What kind of object does it
constitute? Since, after all, we are able to grasp mathematical models in them-
selves, we know that they have a kind of autonomous life, which is often useful
(and sometimes also dangerous), because such models are fully independent of the
reality which they model. This seems to indicate that such models deserve to be
considered as objects as well. Is this claim correct?

The answer is that it is correct and that one simply has to understand that a
mathematical model is a mathematical object whose existence and structure may be
investigated by means of mathematical criteria of objectivity. As we are concerned
here with the empirical sciences, it is not our present task to explain how mathe-
matical objectivity might be conceived. For the sake of simplicity, we could say
briefly that mathematics must also have its own criteria of protocollarity, which
must also be operational in character (we have already given some hints in this
regard earlier). And we might accept that such operational criteria be identified (in a
pictorial sense) with those pencil and paper operations suggested by Bridgman and
other operationalists. But now the misunderstanding involved in the operationalists’
claim that every concept is operationally defined in every science by simply
resorting to such pencil and paper operations comes to light.”® The mistake lies in
the fact that while operations with pencil and paper are suitable for the definition of
a mathematical object, in physics the problem is that of defining a physical object,
and what makes an object physical are not such operations, but other ones. When
the problem is that of defining the structure of a physical object, mathematics surely
comes into play, but again not as an operational means of definition; it functions
simply as a tool for the construction of the mathematical model.

We can also see that our identification of the scientific object with something
which is mathematically structured can eliminate a certain difficulty that was put

38 We ignore, for the moment, that besides mathematical models also physical (conceptual)
models are used in science. Mathematical models can consist merely of equations; physical
models require the representation of a physical reality. We shall address this question later, when
speaking of the different meanings of “model” in science.

9 This claim is to be found, for example, in the following statement of Bridgman: “Most of
these non-physical operations are the operations of mathematics or logic; it is particularly obvious
in the case of modern wave mechanics that many of the constructs are of this sort. ‘Paper and
pencil’ operations is perhaps a suggestive name for many such operations. The variety of such
possible ‘paper and pencil’ operations is doubtless greater than the variety of conventional
operations of the laboratory.... Many of the ‘paper and pencil’ models constructed in this way are
of great value” (Bridgman 1950, p. 15).
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forward when we suggested invariance to be a typical mark of objectivity. There
we mentioned one possible objection, which was that invariance is a property that
may reasonably be attributed to the mathematical formulation of physical laws or
to the mathematical description of physical events, but not to the events them-
selves. We can now see how easily this objection can be overcome once the
physical object itself is recognised as having a mathematical structure: the
invariance that one spontaneously admits for the objects can very naturally be
conceived of as a mathematical invariance.

We shall conclude this section with a couple of remarks whose importance
might not be fully appreciated now, but which will become apparent later. Sci-
entific objects, as we have characterised them, can be said to be abstract, since
they are fully and unambiguously determined as sets of selected attributes orga-
nized in an intellectually designed structure. The linguistic expressions we use in
relation to them are therefore names of complex concepts that we can call abstract
in a different sense, that is, in the sense of being thought-contents. We can say
therefore that each abstract concept is designated by a certain complex predicate-
term. However, such terms are not devoid of concrete referents,*® since we are
usually able to operationally find concrete individual entities (i.e., concrete things)
which satisfy them (within the margin of mensural error required). We call the set
of referents of these concepts their extension, and say that these concepts refer to
their extension. This point will be expanded in the discussion of the ontological
status of scientific objects.

2.8 The Independence of Scientific Objects with Respect
to Visualisation

A still greater advantage in accepting the idea that a scientific object be constituted
through a set of definite, precise, but conceptualized characteristics is represented
by the freedom one acquires from always having to have visual pictures of sci-
entific objects in order to be able to accept them as objects. This freedom not to
remain prisoners of intuitive conditions has been practically accepted, by now, by
almost everyone conversant with modern science. But this has often happened at
the price of advocating an ‘idealistic conception’ of science according to which
scientific objects and structures are nothing but mental constructions. We suggest
that it is unnecessary to adhere to an idealistic conception of science. Rather, one

80 We are obliged to compact our discourse here. Later we shall analyse in detail (particularly in
Sect. 4.1) the relationship between a term, its meaning (the concepts it designates), and its
referents. It will become apparent, then, why for us sense and reference are different things, and
the notion of ‘abstract object’ will be clarified. For the moment let us simply stress that concepts
constitute the meaning of certain terms, the referents of which are intended to exist in real-
ity—even when it is known that they do not. Thus when I refer to the earth as a material point, I
am referring to reality, not to my conception of reality, that is expressed by the concept of
material point designated (in English) by the term “material point.”
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should be aware that while visual requirements are usually available for the rep-
resentation of things—which we actually perceive in our sensory intuition—sci-
entific objects are (as already pointed out) defined through abstract structures,
though they receive empirical referents by means of operations (we shall see in the
sequel, however, that operations are not the only means for securing referents).®’

This point is important, since it stresses that what is abstract may well have (and
usually actually has) concrete referents, and that these referents do not reduce,
therefore, to a purely intellectual construction. Indeed a general condition is that, in
order to study concrete things, we must make certain abstractions (i.e. envisage
only certain partial aspects of such things, abstracting from innumerable other
aspects). This allows us to construct abstract models of these things or, as we have
said, to transform them into objects of a given kind. We then investigate the
properties of these abstract models, and correctly say that these represent properties
of the concrete things to which these abstract objects refer. For example, we do not
study individual wolves in zoology, but wolves in general, that is, we study an
abstract model of a wolf, and we may arrive at the discovery that, for example, a
certain chemical substance produces cancer in wolves. Now the fact that this dis-
covery has been made within the model (i.e., from a certain ‘viewpoint’ of which
the model is a part and which we may qualify for brevity as the ‘biological
viewpoint’) does not mean, of course, that the cancer may affect the model; but it
obviously may affect the concrete individual wolves to which the model or the
abstract object refers. Similarly, in physics we define the term “electron” through a
structured set of mathematically formulated properties which together constitute a
certain abstract object. But this does not entail that these are meant to be properties
of the abstract object; they are meant to be properties of the single electrons which
are the intended referents of the mathematical model we have constructed.

To use a traditional distinction, the concretely existing things, which are
immediately present to us in an intentio prima (knowledge by acquaintance),
cannot be investigated without the elaboration of a conceptual picture of them
which can be intellectually scrutinised and is universal and abstract (infentio
secunda). However, the results of our scrutiny do not concern the conceptual
picture, but the concrete referents of the intentio prima. In the case of modern
science, the intentio prima does not properly consist in perceptual acts, but in
operational procedures, starting from which we elaborate a conceptual model
which we then proceed to study (intentio secunda). As a result of our study we
attribute to certain referents those properties which are compatible with the

5! What we have discussed here amounts to rejecting the spontaneous idea that models in general
(and scientific models in particular) are ‘good’ or ‘better’ to the extent that they have a close
“resemblance” to the things they are intended to be models of. In Chap. 9 of Agazzi (1969) we
have abundantly argued against this naive view, and shown that the most abstract mathematical
models are by far superior to the intuitive models in the study of new fields of scientific research
(the requirement of resemblance reducing to the minimal level of structural isomorphism). Also
van Fraassen (2008) has stressed that resemblance is by no means a fundamental requirement for
scientific representation.
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operational procedures constituting the real tools of our intentio prima, and which
do not necessarily meet the usual requirements of the perceptual (typically, visual)
structure of this intentio.®*

From what we have said it becomes clear that the term “abstract” actually has a
plurality of meanings in ordinary language. It can mean either general (as opposed
to individual or particular), or non-sensory (as opposed to concrete or material).
In the case of ordinary experience, we do not hesitate to think that properties which
we have recognised by reasoning abstractly in the first sense may refer to concrete
things, because our criteria of reference are bound to sensory perception (i.e. our
discourse is not completely abstract in the second sense). In the case of scientific
discourse, however, many are hesitant to admit the existence of referents for the
abstract constructions developed in research, because such constructions are not
only abstract in the first sense, but also in the second; they cannot be perceived.
However, no real reason is given for this perplexity, and the only way to under-
stand it seems to be to see it as the consequence of a tacit presupposition,
according to which only entities endowed with sensory qualities exist in a proper
sense. But in this way the real reason for the perplexity appears to consist in an
arbitrary collapsing of ontology to a few perceptual parameters.®> We shall return
to these considerations when we discuss the issue of scientific realism.

The distinction between ‘things’ and objects which we have discussed at length
should suffice to clarify this issue. However, a few elementary historical consid-
erations will confirm the substance of our explanations. Everyone knows that the
difficulty, or even the impossibility, of ‘visualising’ the entities and processes
involved in physical states of affairs was for a long while a serious obstacle to
quantum mechanics. There were, however, historical reasons for this. We could
view modern science as having been for two centuries a more rigorous way of
considering the same realm of ‘things’ as we are presented with by everyday
perceptions. In such a way, even if some simplifications or idealisations were made
(such as those implied in the concept of a rigid body or an ideal gas, or in the
principle of inertia), the scientific picture of reality did not conflict with the
everyday picture, it being easily understood that the real world can only approx-
imately match the idealised statements of science. Therefore, when the well-
known difficulties of visualisation emerged, it was clear that they were grounded in
the constant tendency to consider physical objects as ‘things.” But, as has been

2 The doctrine of the intentio was developed in a very profound and articulated way during the
Middle Ages. Practically forgotten during the time of modern philosophy (the sixteenth through
the nineteenth centuries), it was resuscitated by Franz Brentano, who explicitly recovered it
from Scholastic philosophy in his theory of intentionality (cf. Brentano 1874). Since then,
intentionality has become one of the central concepts of contemporary phenomenological
philosophy, starting with the work of Edmund Husserl (see Husserl 1913) who had been
Brentano’s student. For a rich body of quotations regarding the history of this notion, see the
article ‘Intention’ in the dictionary: Eisler (1927). We shall return to the topic of intentionality
and intension in a much more detailed discussion later on in this work.

3 This is, e.g., the position of Bas van Fraassen (1980), which we shall have the opportunity of
discussing in detail later.
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noted several times, a scientific object must be something different from a ‘thing.’
As a consequence, some properties belonging to a physical object, which are not
thinkable as ‘cohering’ within a ‘thing,” that is, which do not show themselves to
be associated in the domain of everyday experience, are not prevented, for this
reason, from being able to unite within a specific ‘object’ of a certain science. Such
is the case, for example, with the corpuscular and undulatory character of physical
particles. If we try to conceive of these two features as coexisting in one ‘thing’ by
an effort of the imagination, we shall hardly succeed. But if we simply accept that
what is confirmed by the admitted operational criteria of quantum mechanics has
the right to be ascribed to quantum mechanical ‘objects,” we are already out of the
difficulty, without any need for the ‘complementarity principle,” or anything of the
sort, since this theory also provides the ‘logical network’ necessary to move from
speaking of attributes to speaking of objects.®*

Similarly, just as the existence of intuitively discrepant features does not pre-
vent a scientific object from possessing them, so the impossibility of establishing
the coexistence of certain intuitively plausible features by means of accepted
operational criteria does not imply that they cannot belong to the object of a
certain science, or that they are ‘objectively non-existent.” This again may be
relevant to quantum mechanics. If, in accordance with Heisenberg’s principle of
indeterminacy, conjugate magnitudes such as the position and the momentum of
an electron cannot be determined at the same time with an accuracy greater than a
certain value, one must admit that such magnitudes are, taken together, ‘objec-
tively undetermined’, at the same time. within the ‘domain of quantum objects.’
As can be seen, this way of considering the issue condemns as misleading such
questions as whether this uncertainty concerns the state of the physical world or
simply our knowledge of that state. This question is misleading because, for
physics, there is no such thing as a real world different from the objective world.
(In the sequel we shall consider that difference between reality and objectivity
which consists in objectivity’s not exhausting reality. But that part of reality which
is not included in e.g. physical objectivity is not, on the present view, investigated
by physics.) What is not ascertainable by means of the accepted criteria of
objectivity does not exist as an ‘object’ of a certain science, and if it is not
ascertainable by means of the operational criteria of any existent science, it does
not yet exist as a scientific object at all.®®

Therefore, no conflict exists in something’s being objective according to a
certain science and not being objective according to some other science. The

54 T have devoted some attention to this issue in my book on the philosophy of physics (Agazzi
1969, Chap. 8), and in other papers: see e.g. Agazzi (1988).

%5 One must be careful not to interpret this statement ‘dualistically,” that is, as if we were saying
that operations reveal reality ‘as it appears,” and that we try to discover reality ‘as it is’ through
theories (at least according to one realist interpretation of theories). What we mean is that by
means of theories we aim at fully understanding and knowing the very same aspect of reality as
has been envisaged within a certain viewpoint and made empirically accessible through certain
operations. No dichotomy of ‘reality’ and ‘appearance’ is therefore introduced.
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alleged conflict is manifest, again, because of the common-sense sound of the
words, according to which it is impossible that something be objective in one sense
and not in another. But we must remember that “objective” here means ‘relative to
the object(s).” Thus it must be regarded as very natural that, when we are dealing
with different objects, some or all of the properties we are dealing with will also be
different (as objects are their properties or, more precisely, a particular synthesis of
their properties), and that what was objective from one point of view (i.e., what
was a property of the objects of a certain science) may well no longer be objective
from another point of view (i.e., may not be a property of the objects of another
science, or of a different branch of the same science). This may be of relevance, for
instance, to the fact that for macrophysics certain properties are objective while for
microphysics they are not. This implies of course that the locution physical object
is too general, and that one should speak instead of macrophysical and micro-
physical objects. This is moreover very sensible since the operational criteria for
testing statements are different in the two domains (e.g. in microphysics one would
never measure lengths by using a metre stick, or masses by using scales).

Another consequence of this fact is that one does not describe the situation
properly when one says that classical mechanics was falsified by quantum
mechanics, or some such thing. This description is mistaken at least because we
are actually dealing with different disciplines and not different theories within one
discipline, such that the two sorts of mechanics had to do with, and still have to do
with, different objects; and it cannot be the case that they properly conflict, since in
order to do so they would have to say opposing things about the same objects.
Rather similar is the situation regarding the relations of classical mechanics and
special relativity, that apparently concern the same “physical world.” A closer
scrutiny, however, shows that the notion of spatial distance is not linked with the
same operations in these two theories because in special relativity distances are
(ideally) measured by means of light signals, and not by (ideally) displacing a rigid
rod, and it is known that precisely by analysing this way of estimating distances
Einstein arrived at the most “surprising” consequences concerning, in particular,
the elimination of absolute time. This issue, however, deserves a closer exami-
nation that will be offered later.

2.8.1 First Conclusions

The content of this chapter is a presentation of the general features of the conception
of scientific objectivity proposed in the present work. In the Chaps. 3 and 4 several
considerations of a more technical and analytic nature will be developed that intend
to offer detailed arguments for founding the realist view of science that encompasses
our conception of objectivity. These two chapters may be skipped by those readers
who are not interested (at least immediately) in such technical deepening, because
Chap. 5 (specifically devoted to the theme of scientific realism) will recapitulate
and expand the results of such investigations in a much simpler discourse.
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Chapter 3
First Corollaries in the Philosophy
of Science

3.1 The Relativisation of Scientific Concepts

An objection may be raised to the solution we proposed in the preceding section to
the problem of eliminating the clash between, say, classical and quantum
mechanics. One might note that, after all, the concepts we use in both disciplines
are often the same, and that the clash is due to the fact that these concepts behave
differently in the two disciplines (i.e., that they do not conform, for instance, to the
same mathematical conditions expressing physical laws). Therefore, it is truly
difficult to see how such a clash might be considered different from the falsification
of one theory by another.

In order to tackle this problem we must discuss the more general question
whether the same concepts can or cannot retain the same meanings inside different
theories. The question is by no means new, and in recent decades it has been the
subject-matter of dozens of papers and books which have discussed the thesis of
the ‘meaning variance’ and the ‘theory-ladenness’ of scientific concepts. We are
going to see how this issue appears from the point of view of the theory of
objectivity we are proposing in this book, and some particular aspects of the issue
will be pointed out which are not to be found in usual treatments of it.' In
anticipation, we can say that the question is usually formulated in an ambiguous
way, since it does not say how one has to distinguish between a concept and its
meaning while it is much more commonly understood that a ferm may have
different meanings. Therefore it can be easily admitted, in general, that the same
terms in different disciplines (and perhaps also in different theories within a given

' The considerations that will be developed in the present section and in the two following
sections have been outlined by the author in diverse papers, and were given a synthetic
presentation in Agazzi (1985).

E. Agazzi, Scientific Objectivity and Its Contexts, DOIL: 10.1007/978-3-319-04660-0_3, 117
© Springer International Publishing Switzerland 2014
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discipline) do not have the same meanings, owing to the ‘holistic’ nature of
meaning.” However this does not amount to the fact that the same concepts are
designated by these terms in the different contexts, simply because concepts are
meanings and, as a consequence, the same terms do not designate the same con-
cepts when the terms are endowed with different meanings. It follows that, this
meaning always being context-dependent (as will be seen), it must be different in
the different sciences (or theories), and it is therefore natural, for instance, that
magnitudes such as position and momentum can be ‘exactly’ measured in classical
mechanics, while being subject only to a certain ‘undetermined’ measurement in
quantum mechanics. This happens because it is not the same position or the same
momentum that are meant in the two theories, owing to the theoretical contextu-
alisation they receive, and quite independently of the practical difficulties in
performing the ‘exact’ measurement.

This differentiation has two sources or reasons (which are a direct projection of
the two elements which we have seen enter into the determination of every sci-
entific object), the presence of basic predicates endowed with an operational
character, and the presence of a logical network which connects different predi-
cates, conferring to their totality a certain structure. As has already been stressed,
basic predicates deserve to be singled out as those which really ‘make the object’
inasmuch as, being directly bound to the operations, they concretely manifest the
viewpoint which ‘clips out’ the objects of a given science from reality. Moreover
(but we are not going to deepen this question here) basic predicates have a nat-
urally privileged position due to their direct link with operations, which endows
them with a referential privilege that other concepts may receive only indirectly.

As a consequence, one must say that if the basic predicates occurring in two
theories are at least partially bound to different operations, though they may be
expressed by the same terms, they are operationally defined in different ways, and
their meanings therefore cannot actually be the same. Therefore, they do not des-
ignate the same concepts; they do not denote the same attributes; and this condition
is already sufficient for saying that any further concept that may appear in the theory
must at least to a certain extent (and, let us add, usually only fo a certain extent) be
affected by this very difference in the context in which it is embedded. The relation
of classical and quantum mechanics seems to offer an example of this kind. The
above point will become much clearer if we come to the second possible source of
differences in the meanings of scientific concepts designated by the same terms in
different theories/disciplines. In order to better appreciate the relevance of the

2 1t may be noted that in the textbooks of traditional logic, the theory of the ferms was developed
considering them as constituents of propositions, and it was usual to distinguish three kinds of
term: mental, oral and written. Mental terms were concepts. Already for Aristotle, however, oral
and written terms were considered signs of the mental terms, and this justifies the modern practise
of considering a ferm only as a linguistic expression, that designates the concept. This is the
convention we shall adopt in the present work. Other authors might prefer, e.g., “express” or
some other equivalent terminology.
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logical network (of a theory/discipline), let us first present an additional reason for
introducing theoretical terms into our discussion. It is all too natural and obvious
that an empirical science obtains its objects by means of empirical operations; but it
is neither natural nor obvious that it is compelled to speak about these objects only
by means of empirical predicates. Assuming an empirical science not to be so
compelled, it follows that theoretical (i.e., non-empirical) predicates are needed not
only in order to unify operational predicates and denominate that unity, but also in
order for one to be able to go on speaking about the unity, and to predicate of it
something which, though being related through a logical network to the operational
predicates, is not expressed by them.

In order to avoid any infiltration of epistemological dualism into this discourse,
and to avoid giving the impression that theoretical terms here play a kind of
metatheoretical role with respect to operational terms (since we have said that they
are also used for ‘speaking about’ the objects constituted by the operational
attributes), let us present an example from everyday life. Suppose that, in order to
identify a certain man in a given group of people, I need three or four empirical
properties, such as the colour of his eyes and hair, his height, the shape of his nose
or mouth, and so on. Once I have identified him in this way, I am not obliged to
speak about him only by adopting these few predicates. I can clearly attribute to
him (i.e., predicate of him) several additional features, some of which may be
empirical (such as the colour of his skin, or the fact that he is laughing) and others
of which may be non-empirical (such as his being a doctor, or a religious man, or
his being of some particular age).

Clearly, the initial ‘basic predicates’ were empirical, and we needed them to fix
the reference of our discourse. This means that, for example, if we say that Mr. X is a
doctor, we can claim that we are predicating this property of the man we intend only
if this Mr. X is also the person in our group who is identifiable through our basic
predicates. But many kinds of properties can be attributed to Mr. X, both empirical
and non-empirical, and we can use any of them in speaking of our intended man if
there is a network of sentences which, if needed, can show how to relate what we are
saying to the basic predicates we selected for identifying him. In this sense we can
also say that we are broadening the description of our ‘object,” because all the new
predicates we use actually improve its determination by bringing new elements into
the logical network that expresses the structure of the theory, and thereby restricting
the range of entities capable of being this particular sort of object.”

3 The empirical attributes which are being considered here as tools for fixing the reference of the
discourse should not be regarded as properties giving rise to a definite description of a certain
Mr. Smith, but as ostensive criteria which we select in order to intersubjectively point to the
referent. Their role is therefore that of offering a complex of conditions that functions as a rigid
designator in Kripke’s sense. What is interesting, however, is that these predicates express at the
same time some property of Mr. Smith (which his name alone would not do), so that they play a
double role, that of ostensively providing the reference, and that of providing a description at the
same time. The combination of these two functions, which is not really transparent in the case of
this everyday example, will be apparent in the case of the operational predicates of science.
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Let us now return to the question at issue. We can maintain that the basic
predicates ‘determine’ the scientific object, not because they have an intrinsically
privileged nature, but simply because they were explicitly assigned the task of
identifying it. But then many other predicates may enter the discourse, provided we
can, if needed, show that they are related to those which are basic. In every theory
proposed in an empirical science a logical pathway must enable one to go from any
sentence containing only predicates different from the basic ones (e.g., from
sentences composed entirely of theoretical terms) to at least one sentence which
contains only basic predicates. This fact assures us that we are still speaking about
our intended objects. Furthermore, this is why festability, as already stressed, is
such a fundamental requirement for all empirical theories. As a matter of fact,
without testability we would never be sure that the theoretical propositions of the
theory concern its objects.”*

In the above discourse a presupposition seems to have been too lightly made,
that is, that a clear distinction can be drawn between operational and theoretical
(or non-operational) predicates, since one of the most respectable claims in recent
philosophy of science is that such a distinction does not exist between observa-
tional and theoretical terms (and it seems that our operational terms may be
equated with the observational terms referred to here).” This question will be
discussed later. For the moment let us assume that it makes sense to distinguish
(sharply or otherwise) between operational concepts (which we shall call
O-concepts for the sake of brevity) and theoretical concepts (which we shall call
T-concepts). We now would like to discuss the case of a term “P,” that is, of a

* To use our Kripkean analogy again, theoretical statements may be valid in several ‘possible
worlds’ and, by means of their links with the operational predicates, they are shown to refer to the
particular world in which our objects reside, being rigidly referred to it by the operational
predicates, which are equipped with an ostensive role.

5 The already-mentioned thesis of the theory-ladenness of all scientific terms obviously amounts
to the negation of the said clear-cut distinction, but the question has a much longer history even in
the empiricist philosophy of science. Indeed, this philosophy has its roots in the doctrine of the
Vienna Circle, that made ‘empirical verification’ the condition of the meaningfulness of
sentences, which in turn entailed that only observational terms have meaning. Since it soon
became apparent that many scientific statements were doomed to be meaningless if this criterion
were to apply, a progressive liberalisation began which tried to remain faithful to the verifiability
principle while attributing increasing importance to the formal and syntactical features of ‘the
language of science,” which was to constitute a means for the circulation as well as the true
creation of meaning. In this way, while it was originally supposed that meanings could percolate
up from their genuine source (the observational terms) to the other terms (the theoretical ones),
the development of the investigation led to conceiving of meaning as something global,
pertaining to the theory as a whole, rather than to single terms. In this way the thesis of the
theory-ladenness of all scientific concepts had already been explicitly elaborated within the
logical empiricist epistemology, especially in the late 1950s and early 1960s, and was ready to be
used just a few years later by those who made of it a cornerstone of the incommensurability
thesis. The steps in this development may be clearly perceived in Carnap (1936, 1952, 1956),
Hempel (1952, 1958), and Sellars (1961). A very good survey of this story is provided in the
chapter ‘Empiricist Criteria of Cognitive Significance: Problems and Changes’ of Hempel (1965)
(which is almost a reprint of two earlier papers).
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generic predicate, which is connected with other predicates within a certain theory,
and compare it with the analogous situation involving another term “P’”.

We observe, first of all, that the meaning of “P” is, at least in part, the logical
network which relates it to all the other terms in the theory, so that this meaning is
simultaneously determined by the presence of certain O-terms and T-terms in the
network, and by the particular connections among these terms (or, if one prefers,
by the structure of the network). Let us now consider the case of “P” and “P’”
being connected with the same O-terms and T-terms by means of different con-
nections, and the case of “P” and “P’” being connected by means of the same
logical network with at least partially different O-terms or T-terms. It will be clear
that in these cases the meaning of “P” and “P’” cannot be the same. This sort of
situation is schematised in the following figures.
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Case A (Figs. 1 and 2). We assume the concepts to remain the same (O;, O,, O3,
T,, T,), but the logical relations to change (f, f4, f5 disappear, and new functions
g1, &, g3 connect P’ directly to O,, O3, T).
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Case B (Figs. 3 and 4). We assume the concepts and the functions to remain the
same, but to be connected in a partially different configuration.
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In both cases the meaning of P and P’ cannot be the same. Other similar cases
can easily be constructed.

In the above diagrams the lines between the points indicate certain logical
relations between the respective predicates (which we can think of as consisting in
equations or functions in which these predicates occur), and we see that, even if the
predicates could be said to remain the same, the change in the logical correlations
which occurs in going from Figs. 1 to 2 or from Figs. 3 to 4 will alter the meaning
of P and make it different from that of P’ (but the other meanings would also be
modified, despite the fact that we have left the other terms unchanged). On the other
hand, it is obvious that if the structure is preserved, but at least one of the predicates
is changed, this will alter the meaning of P’ (and of the other concepts as well).

The fact that the meaning of a concept is context-dependent may therefore be
expressed by saying that it depends on the meaning of other concepts and on the
logical links it has with them, which also implies that it in turn influences the
meanings of all the concepts with which it is linked.

The awareness of such a dependence is not particularly recent; it may be
considered to have officially entered contemporary methodology of science
through the new way of conceiving of the axiomatic method in mathematics when
this method was no longer regarded simply as a tool for introducing deductive
order in a discipline, but as something which was able to create, at least to some
extent, the very objects of the discipline. The difference between these two
positions is rather patent. If one considers axiomatisation as a way of deductively
ordering a discipline, one regards at least a certain number of the terms occurring
in the axioms as names for the entities which the discipline is supposed to describe,
and the ‘meaning’ of these terms may be regarded as their reference to these
objects. But if one considers axiomatisation as something that must ‘create’ a
certain discipline, no objects are presupposed as existing, and the axioms must in a
way be able to have meaning even without having, properly speaking, a reference.

If this is the case, the meaning must necessarily arise from the reciprocal links
that the different concepts have with each other; and, if a question of reference is
advanced, it can only concern the possibility of discovering some structure of
objects the relations of which can be put into correspondence with the links between
the concepts expressed in the axioms, so as to be faithfully represented by them.

Such an axiomatisation was explicitly proposed by Hilbert in his Foundations of
Geometry of 1899. That book differed from the traditional geometry textbooks of the
time, not because it advocated a new geometry (in fact its content is still comparable
with that of ordinary geometry), but for its conceiving of the axiomatic method in a
new manner. “Point,” “straight line,” “plane,” and so on were no longer presented
as names for specific geometrical entities, but as terms the meanings of which were
‘contextually’ defined by all the axioms, and which were thus capable of having as
referents whatever objects as could satisfy those same axioms.®

S This is the most usual way of presenting this issue. Historical accuracy however leads one to
recognise that this new way of conceiving of the axiomatic method had already been prepared by
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3.2 The Operational-Theoretical Distinction

The claim that every scientific concept is context-dependent may also be expressed
by saying that every scientific concept is necessarily theory-laden. This later claim
has become widely accepted in recent philosophy of science, marking the extreme
reached by the pendulum motion which had seen its initial opposite position in the
empiricist claim that all scientific concepts must themselves be either observa-
tional concepts or be ‘reducible’ to observational concepts. In particular, the above

(Footnote 6 continued)

Pasch (see Pasch 1882), and had been completely developed by Peano and his school between
1889 and 1899 (i.e., in the decade preceding the first publication of Hilbert’s Foundations of
Geometry). In particular, Mario Pieri (a disciple of Peano) explicitly defended the idea that the
meaning of the primitive concepts is ‘defined’ through the postulates (see Pieri 1899, 1901).
While Pieri called this a “definition through postulates,” it became customary later to call it an
“implicit definition.” However, this latter expression was not considered a very satisfactory way
of characterising this contextual interdependence of meanings, and nowadays it is used in a much
more restricted and technical sense in mathematical logic. The reason for this dissatisfaction was
that it is not really clear how the meaning of the single primitive concepts could be fixed on the
basis of the simultaneous presence of the postulates.

In several papers devoted to Hilbert’s Foundations of Geometry which appeared in the Jah-
resbericht der deutschen Math.-Vereinigug in the years 1903 and 1906, as well as in a couple of
letters to Hilbert (see Frege 1969, vol. 2), Frege correctly pointed out that the totality of the
postulates may at most define a ‘second order’ concept (of which the primitive concepts occurring
in the postulates are so to speak the ingredients), but cannot establish the meaning of these
concepts themselves. Frege’s criticism remained uninfluential (owing to the growing favour of
the formalist trend in mathematics), and at most led later to a ‘readjustment’ of the issue. As was
suggested by Bernays in a review of the then newly discovered correspondence between Frege
and Hilbert (published in the Journal of Symbolic Logic 7, 1942: 92-93), the postulates of
elementary geometry, for example, represent an explicit definition not of the single concepts
occurring in them, but of the concept of Euclidean three-dimensional space.

Even so, Frege’s correct criticism has not been met; and if we give it the attention it deserves,
we must at least refrain from saying that the axiomatic context (or any linguistic context) entirely
determines the meaning of the concepts. We are certainly entitled to say (as we have said) that
this meaning depends also on the context on an intensional level; but this dependence cannot
mean the dissolution of the meaning in the context, otherwise no meaning at all could emerge.
This is why the thesis of total ‘meaning variance’ is already untenable for semantic reasons.

We are not particularly interested in discussing the semantic ‘stability’ which must exist to
some extent even if context is given its fullest role. On the other hand, we shall later present
specific arguments in favour of the existence of a ‘stable core’ in the meanings of the operational
concepts, based on referential reasons. What we may say here is that every concept enters into a
scientific theory equipped with a meaning whose structure is well articulated and depends on
many factors. It is therefore wrong to say that terms receive their meanings totally and only
through the theoretical context. This is actually an authentic formalistic fallacy which goes back
to Carnap’s proposal to consider physical theories as interpreted logical formal calculi (see
Carnap 1934). In fact empirical theories do not begin to exist as formal systems, but may at most
be ‘formalised’ after they have attained a certain stage of development. At this stage it may also
be possible to detect the ‘variance’ of meaning which occurs as a consequence of a term’s being
located in a different context, but this ‘variance’ is always partial. Therefore, when a term is used
in a particular sentence, it is normally used only according to a part of its meaning, and it may
well happen that the part concerned is not affected by ‘meaning variance’.
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statement has led to a couple of logical consequences which appear rather disas-
trous for any empiricist philosophy of science (and not only for such). They are,
first, the thesis that no reliable distinction may be introduced between observa-
tional and theoretical concepts, simply because there are no purely observational
concepts in a strict sense. And, second, the thesis that, all concepts being in a way
theoretical, their meanings are relativised to the theory in which they are
embedded to such an extent that they do not allow of any comparison between
propositions belonging to different theories nor, consequently, between the
theories themselves (which is one sense of the thesis of the incommensurability of
scientific theories’). We shall discuss the first of these two issues in this section.

Our first point is that we do not speak here of observational predicates, but of
operational predicates, this fact being justified by our previous discussion con-
cerning the role of operations in science, which can by no means be put on the
same footing as observations. To see this, consider the fact (already stressed in
Chap. 2) that observations are necessarily referred to the privacy of the observer,
and so cannot meet the requirement of intersubjectivity. (Another reason for the
discarding of observability in favour of operationality will appear soon.)

We can now formulate our problem in the following way: we are confronted
with the fact that all concepts in a science must be conceived of as context-
dependent, while at the same time the intimate conviction of every scientist, as
well as of the uncommitted philosopher of science, is that operational concepts are
not context-dependent, as they are related to something which lies ‘outside the
theory,” and which is even a prerequisite for the existence of the theory, in the way
that operations are.

The way to reconcile these two opposing claims can be found if we resort to the
intensional conception of meaning. This conception does not maintain that the
meaning of a concept reduces to its intension, or that the notion of extension is
vacuous or useless; it simply says that, despite the good services that the exten-
sional viewpoint has offered in mathematical logic, intension has a no less
important role to play in the methodology at least of the empirical sciences (but
actually not only of these).

By the intension of a concept we mean what one infends to express through the
concept when, for example, one predicates this concept of a certain thing in a
judgement. To put it differently, intension is the complex of attributes (such as
qualities, properties, and relations) which are ‘meant’ by that concept and included
in its meaning. Such attributes, of course, are aspects of ‘reality,” but they are

7 This is actually a particular way of conceiving of incommensurability that is strictly bound to a
linguistic view of scientific theories. Other ways of conceiving of incommensurability, however,
relate it to a ‘gestaltic’ switch and are presented, e.g., in Dilworth (2008). They are also more in
keeping with the general conception of science proposed in the present work, as will be seen later.
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universal only as ‘abstracted’ by the mind. The intension is therefore (at least in a
certain sense) a set of ‘abstract’ entities, while the extension is a set of individuals
which are often concrete and which are those entities to which the intension can
correctly be applied.

A large literature has been devoted to this subject, thus we are not going to enter
into more details here, remaining content with the distinction as we have presented
it (more details will be provided later, when we consider intensions for other
reasons). The usefulness of this way of conceiving of intension lies in the fact that
we can distinguish several components in it. For example, in the intension of the
concept of man we can find as components the concepts of the properties of being
an animal, of being endowed with reason, of being able to speak, of being
two-legged, and so on, or the relations of being the user of language, of being the
inventor of numbers and the alphabet, of being omnivorous, and so on.

A difficulty with the concepts of everyday language is that their intension is
sometimes too far-reaching and is always rather indefinite; the advantage with
scientific concepts is that, at least in principle, their intension can be fairly well
determined and limited to a restricted number of components (which are usually
identifiable depending on the presence of other concepts with which the given
concept is linked, and by the logical network through which it is bound to them).

If we now consider an operational concept, we see that among the components
which are constitutive of its intension is included the property of being linked to
certain specific operations. For instance, if we assume that the concept of mass is
‘operationally defined’ in classical mechanics with reference to a balance (in the
sense already discussed when speaking of operationalism in general), we can say
that this part of its intension remains well distinguished from other of its com-
ponents, such as the theoretical links which bind mass to space, time and force via
the fundamental laws of mechanics. But now we can go a step further and note that
this operational component remains unchanged even when we modify some other
parts of the theoretical context. We are therefore entitled to say that every oper-
ational concept is endowed with a ‘stable core’ of intension, which we might also
call its ground intension, while the other parts of its intension are ‘mutable,” in the
sense that they may change according to different theoretical arrangements.®

We have in this way the solution to our problem: operational concepts are
certainly context-dependent and theory-laden as far as the whole of their intension
(including the mutable part) is concerned. But they are context-independent, and
thus not theory-laden, as far as their ground intension is concerned, because this is
solely related to the operations which enter directly into the constitution of the
concept. (Incidentally, our view relieves us of having to admit such hybrid features

8 This has nothing to do with essentialism, as we do not claim that the ground intension is more
important than other parts of the meaning, as will be better explained in the sequel.
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as ‘correspondence rules’ or similar devices, whose nature is obscure since they
should be linguistic entities—i.e., practically propositions—endowed with the
magic ability of allowing us to jump outside language. Our operational concepts,
whose intension is partly related to referents of a clearly empirical nature, and
partly to the rest of the theoretical structure proper, appear to perform the task
much better.) This discourse, of course, does not entail that our general view of
theories reduces to this presentation of their ‘linguistic aspect.” But this will be
clarified in due course.

In this way we have what we need in order to draw a distinction between
operational and theoretical concepts, because we can safely admit that no concept
in science is totally operational; but this does not prevent us from being able to
recognise those concepts which have an operational ground intension—which we
shall legitimately call operational concepts—and to distinguish them from those
which are only indirectly related to operations (i.e., by means of the logical net-
work), which we shall call theoretical concepts.

We can schematise this distinction by means of the following diagram:

The meaning of the operational concepts in two different theories’
T and T

I

referential part |

Explanations

(a) Thy, Th,, Ths, and Op;, Op,; and Th’;, Th’,, Th’;, and Op’;, Op’, are the
theoretical and the operational concepts, in T and T’ respectively.

(b) The lines - - - - and -.-.-. indicate formal (i.e., mathematical or logical) rela-
tions existing between the different concepts.

° This diagram will be taken up again literally in Sect. 7.2.8 in a wider discussion concerning
theory comparison.
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(c¢) The continuous lines indicate the non-formal (i.e., referential) rela-
tions existing between the operational concepts and their ‘defining’ concrete
operations. These operations are distinguished by the different @ with which
they are related.

(d) Tt is supposed that all concepts are indicated in T and T’ by the same name (or
term). Still their meanings are different, at least because of the different formal
contexts of the two theories.

As is clear from the diagram, the stable core, or ground intension, of an O-
concept is ‘stable’ because it expresses a relation of the concept to something
which is external to the theory. This makes it rather trivial that, as a consequence,
this component of the intension is not theory-laden. On the other hand, the fact in
itself is not at all trivial, as it reminds us that operations belong to praxis, even if it
is a ‘noetically oriented’ praxis, that is, a praxis intended to secure knowledge and
not (per se) other advantages. This has much to do, by the way, with the fact that it
is through these operations that operational concepts are endowed with a reference;
as a matter of fact, reference (conceived of as something related to meaning, but
not coinciding with meaning) must in a way lie outside the context in which
meaning is elaborated, though introducing some information into this context by
virtue of referential links (i.e. by means of the ground intension). This is why we
are entitled to call this ‘stable core’ or ‘ground intension’ of the O-concepts the
referential part of their (intensionally conceived) meaning, as we have done in the
diagram.

A legitimate suspicion which may surface at this point is that theoretical
concepts should be devoid of reference. We are far from claiming this; what we
have shown here is that operational concepts are endowed with a direct reference,
but this does not exclude other concepts’ possibly being endowed with an indirect
reference. Indeed, we shall see (after a number of further considerations) that the
aim of science is also that of establishing an indirect guarantee of reference for its
theoretical concepts as well. However, there would be no point in anticipating
these considerations here.'”

10" Certain authors, such as Dilworth, lay stress on the difference between reference and referent,
and maintain that reference is not, properly speaking, a property of terms or concepts, but rather
an attitude of the speaker, who uses the terms with the intention of referring his listener to certain
objects. We shall briefly discuss this issue in Sect. 4.1 and shall indicate why we prefer to stick to
the more traditional view according to which reference is a property of terms and concepts. We
should like, however, to lay stress on the intrinsic pragmatic side of science, which is the root of
its unavoidable operational dimension. We have very schematically underscored this dimension
by attributing a specific role and position to operational concepts, but we are aware of having left
unexplored the complex nature of operations themselves and, in particular, their fundamental
difference from observations. Nor are we going to go deeper into this issue in the remaining parts
of this work. An accurate exploration in this direction, however, can be found in Chap. 2, of
Stepin (2005), especially pp. 68—89, where a presentation of different ‘layers’ is made necessary
for relating theoretical schemes with experience, via ‘instrumental situations’ and ‘empirical
schemes’.
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A very important feature of the distinction sketched here between operational
and theoretical concepts is its clearly being a relativised one. No concept is
operational or theoretical in itself; its being the one or the other depends on the
theory in which it occurs. If in this theory the concept in question happens to be
introduced by an operational definition, it is then operational, and is endowed with
a referential intension which is not theory-laden, and to which a further component
of contextually determined (or theory-laden) intension will be added. If this is not
the case, the concept is simply theoretical. Therefore, one and the same concept (or
rather term, as we have already noted) may be operational in one theory and
theoretical in another."'

At this stage, it is possible to see why the traditional distinction between
‘observational’ and ‘theoretical’ could not do the job of securing to science a
‘neutral’ basis for comparing theories. In fact, observations as such do not provide
us with any recognisable intensional feature to be attributed to concepts, so no
‘stable core’ or ground intension could be given by using them. In addition,
observations are observations and nothing else, and this obliges us to conceive of
the observational-theoretical distinction as an absolute one, leading to well-known
impasses—impasses which can easily be avoided by relativising this distinction
through referring to explicit, clearly describable and well-delimited operations.
This is why we shall not use the notion ‘observational,” considering its positive
aspects to be equally well provided by the notion ‘operational.’'>

""" The notion of the position of a single particle is an operational concept, for example, in the
classical mechanics of material points, while it is a theoretical concept in the kinetic theory of
gases.

12 We have said that we do not accept the ‘traditional’ partition of observational and theoretical
terms. However, a much more complex use of the notion of observation is very much in keeping
with our way of characterising the operational concepts in which complex instruments enable us
to ‘observe’ entities that are unobservable in the everyday meaning of this term, which strictly
relates it to perception. This is in keeping with the well known claim that our instruments can be
seen as ‘amplified human senses,’ so that it is correct to say that we can ‘observe’ thanks to them
much more than we could observe without them.

This extension of the notion of observability (that, e.g., plays a significant role in Harré 1986)
becomes even more important if we consider that the ability to ‘observe’—in this much richer
and more interesting sense—increases with the development not only of sophisticated
technology, but of scientific knowledge as such. An excellent presentation of this enlarged
sense of observation is to be found in. Shapere (1982) and, in a sense directly related to the
operational approach offered in the present work, in Buzzoni (1987). However, since in the great
majority of the literature the dichotomy ‘observational-theoretical’ is still understood in its old
empiricist form, we shall avoid using “observational” and use “operational” instead, except for
some special and explicitly declared purposes. Let us note, however, that we are not doing this in
order to stay faithful to an alleged ‘genuine’ sense of the notion of observation, simply because
we do not share the ‘radical empiricist’ tenet that endorses such a view. This tenet, for example,
permeates van Fraassen (2008) and is expressed through such sharp declarations as “in the sense
in which I use that term: observation is perception, and perception is something possible for us, if
at all, without instruments” (p. 93); and in the subtitle “Observation by instruments’: our
bewitching metaphors” (p. 96). Modern natural sciences have been characterised by being
empirical and not purely speculative, precisely because they adopted instrumental observation
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The position advocated here is the inverse of the position of J. D. Sneed, who
maintains the relativisation of what he calls theoretical concepts. According to his
view, theoretical terms are simply T-theoretical (i.e., theoretical relative to a
particular theory 7, according to some criteria which we need not mention here),
while nothing is said regarding what is empirical about non-theoretical terms.
According to our approach, operational terms are meaningful relative to the par-
ticular theory in which they occur, and provide a foundation for the empirical
claims of the theory, while the theoretical terms are simply those which are non-
operational (of course, relative to the said theory), so that the idea of T-theoreticity
is fully accounted for in our perspective as well (an additional ‘positive’ charac-
terisation of theoretical terms will be presented later, when we shall discuss the
proper aim of theories in science). This inversion seems to us to be justified by the
fact that the requirement of being empirical must play a fundamental role in every
investigation of the nature of empirical theories; i.e., theories intended to apply to
empirical reality, conceived of as consisting of attributes made evident through
concrete operations. Owing to the ‘analogical’ conception of science we are
advocating, we have no objection to the fact that this ‘empirical’ component be
constituted by ‘secondary qualities’ rather than by ‘primary qualities’ though, in
the paradigmatic case of physics, we have to do with operations of measurement,
referring to primary qualities and determining magnitudes. The fact that the tra-
ditional empiricist philosophy of science overemphasised this requirement does
not justify its nearly total rejection, which has become rather fashionable in phi-
losophy of science. What really matters is to recognise the precise limits of the
empirical requirement, as well as its indispensable role which, in particular, offers
a reasonable clarification of the question of scientific data (be they e.g. the data of
a physicist or an historian).

A significant symptom of the need to give an appropriate place to the empirical
and referential components of theories seems to emerge from the price Sneed has
to pay for not having given a ‘positive’ characterisation of empirical concepts. In
fact he is led to include the referents of a theory within the theory itself, since on
his conception a theory is an ordered n-tuple consisting of a set-theoretical
predicate, certain sets of its possible models, and finally the set of those empirical
states of affairs which are ‘intended’ to be a model of the predicate (see Sneed
1971). But this view unfortunately obscures the distinction between a discourse
and the referents of the discourse (a discourse which also includes possible abstract

(Footnote 12 continued)

(with the decisive advantages of intersubjectivity and precision that everyone recognises);
therefore it sounds surprising that such a fundamental fact is declassed to the status of a metaphor
within an approach that intends to offer a good interpretation of the nature of modern science.
This, however, might be precisely a significant symptom of the intrinsic fragility of the radical
empiricist tenet itself.
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models of the referents). Therefore, Sneed (and his follower Stegmiiller) are
obliged to adopt ad hoc strategies for applying their ‘structuralist’ epistemology to
actual science, such as turning to the beliefs of scientists for singling out the
intended domain of a theory, or to vague ‘family resemblances’ with the intended
model, or to the pragmatically inspired notion of ‘availing oneself of a theory.’
The difficulty resides not so much in the fact that such notions may sometimes be
unclear, but in the fact that they transcend the ‘structuralist’ perspective, and are in
a way alien to it. On the other hand, however, these notions find an appropriate
place in the view advocated in this work.

Indeed a direct corollary of the preceding is the solution of a much debated
problem: do data, i.e. immediately true sentences (in the sense already discussed),
exist in science? The fashion at present is to deny that such data exist. Data, it is said,
are always theory-laden, and in such a way are not essentially different from
hypothetical statements. We can remark that such an answer does not take into
account that the notion of a datum must also be relativised. Of course no sentence
can be claimed to express a datum in itself, but within an empirical theory there must
be data according to the criteria of objectification admitted for that theory. This does
not prevent these data from being obtained by means of very sophisticated instru-
ments, nor from their presupposing, therefore, at least the theory of those instru-
ments. But this is not our problem; as we shall see later, this has to do with the
historical determinateness of scientific knowledge, which in any scientific context
implies the presence of pre-existing ‘available knowledge’; this knowledge certainly
includes many scientific theories (as well as other elements, such as ontological and
metaphysical principles).'? What is at issue here is not whether a datum depends on
some theory, but whether it depends on the theory in which it is considered as a
datum. And in science it does not so depend and ought not so depend; even though in
practical science there is always feedback between the instruments and operations
which ‘make’ the objects on the one hand, and the developing theory on the other. At
least a certain number of sentences must be recognisable as data that are indepen-
dent of such feedback, in order for science to provide basic criteria for testing
sentences and theories. More will be said on this point, however, when we return to
the problem of the historical determinateness of scientific objectivity.'*

13 Having distinguished between theories and laws, we may even say that the ‘available
knowledge’ is represented by the accumulation of the expressions of known laws rather than of
laws and theories (the latter concerning the understanding and explanation of laws). However,
this issue is not particularly important here, and we can safely admit that even theories belong to
the said ‘available knowledge,” according to the broad sense of knowledge we have already
accepted, and according to which understanding and explanation are constituents of knowledge
despite their being hypothetical.

4 We have made much use of intensional ways of speaking, but this should not be seen as peculiar,
since all discussions related to ‘theory-ladenness’ are in fact of an intensional nature, since the
context-dependence of meanings cannot help but be primarily related to their intensions. Therefore,
we do not criticise the structuralist view of theories for having resorted to intention in order to give a
sense to the notion of “intended applications” or of “target system.” We simply note that the
structuralist approach is essentially constituted by a sophisticated use of set theoretical formalisms
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3.3 Comparing Theories

The above considerations concerning the possibility of recognising, within a par-
ticular theory, its operational concepts, and therefore of affording a stable core of
meaning for them which in turn justifies the possibility of recognising data in that
theory, has immediate consequences regarding the problem of the possibility of
comparing different theories, with respect, for instance, to their relative superiority.

Before entering into the details of this discussion, let us make a general remark
of a purely philosophical nature. What we expressed in the preceding section is
simply the application to scientific discourses of a requirement which ought to be
satisfied in the case of any discourse, and which we might refer to as ‘the stability
of the semantic logos.” By this stability we mean that terms must not be allowed to
change their meanings simply as a result of the changing configurations of the
discourse. In other words, a meaning (or some basic portion of meaning) must be
attachable to a term in such a way as to remain with it independently of the
contexts in which the term is used (a condition we believe to have satisfied through
our notion of intension, which in the case of basic predicates rigidly designates
particular referents).

How can we justify such a claim? A first justification might already come from
considering that such a stability is actually a prerequisite for everyday discourse,
and this is a fact of life. In other words, if such a stability were not available, no
interpersonal communication would be possible (because, otherwise, the fact that a
certain term is used by two parties to a dialogue would simply constitute an
homonymous use of this term, that could not help one express what one means and
intends to communicate to the other party); and since we have evidence of this
communication, it follows that at least some stability of meaning does obtain.

To this reason, which is based on factual evidence, we add another, based on a
logical argument. If the meaning of a term were always and totally context-
dependent, contradictory statements would be admissible, and the principle of
noncontradiction would be deprived of any function in our discourse. For example,
take two contradictory sentence-forms, such as “A = B” and “A # B.” If the
meaning of “A” and “B” were not established independently of these two sen-
tences (each of which represents a kind of ‘microcontext’ for them), we should say

(Footnote 14 continued)

— instead of the traditional formal-logical tools—in the metatheoretical analysis of empirical
theories; and there is no way of characterising intentionality by means of such instruments.
Therefore, in the last analysis, the fact that a certain model M represents or applies to a certain
target system 7 only depends on the “intention” of some scientist to consider it to be able to do
this. This obviously entails subjectivity, and this does not disappear even if we concede that such
an intention is that of a certain scientific community, because what still fails is the indication of
how the scientist or the scientific community can evaluate whether the model M represents the
target system 7 or not. The operational criteria we have insisted upon play precisely this decisive
role. For a more developed presentation of the structuralist view one can consider, besides Sneed
(1971), also the classical works Stegmiiller (1979) and Balzer-Moulines-Sneed (1987) and the
survey by Diez-Lorenzano (2002).
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that they do not express a contradiction, because the A that we claim to be equal to
B in the first microcontext is not the same A that we claim not to be equal to B in
the second. Why is it not the same? Simply because it is posited to be equal to B in
the first case and different from B in the second. One sees therefore that, unless we
are ready to claim that contradictions are altogether impossible, we must accept
that any given concept is provided with some independent and stable meaning.

How this stability may be attained can be understood in terms of our ‘inten-
sional’ theory of meaning. Indeed, one has to admit that the intension of a term
(i.e., the ensemble of attributes that the term is ‘intended’ to express and which
constitute its meaning), globally understood, necessarily changes with a change of
context, and even with the growth of knowledge in which some particular concept
is involved. For instance, if we compare the intension of the term “man” today
with its intension at the beginning of the nineteenth century, we should certainly
recognise that we ‘intend’ a lot of attributes by this term which were not even
thinkable before: what the theories of evolution, psychoanalysis, and neurophys-
iology have contributed to our present conception of what man is. This means,
therefore, that the intension (i.e. meaning) of “man” has changed (if only through
being enriched), and this clearly seems to speak against any claim of stability for
the semantic logos. However, we can see that this very example implies a certain
stability of meaning. The reason is simply that we do not say that we have
substituted the concept man with another concept, or that some unspecified con-
cept has been enlarged. We say that it is the concept of man which has been
modified, improved, enlarged and so on, which means that the concept preserves a
certain permanence through its variations.

Are we led back to essentialism or substantialism by virtue of these arguments?
Not necessarily. It seems that we can overcome the difficulty, provided we take into
account the relationship between meaning and reference. The natural solution, on
this way of thinking, could be the following. We accept that an enlargement, or even
a modification, of the intension of a concept does not undermine the stability of the
concept’s meaning, provided that the intended referents (and, consequently, the
extension) of the concept remain the same. This means, in our example, that we are
entitled to say that we shall be dealing with the concept man, even after our increased
knowledge has enriched its intension, because we still intend the same individuals to
be referents of this concept as were intended to be referents of it before. Therefore,
we recognise through this example that it is the referential part of the intension that
is constant, not all or other parts of the intension, meaning or concept.

This remark recognises the importance of the ‘descriptive’ concepts in every
empirical discourse. They are usually neglected in the philosophy of science, and it is
also the case that the ‘descriptive sciences’ are less highly estimated than the sciences
which are able to provide explanatory theories. However it is undeniable that the
descriptive concepts play the fundamental role of securing the connection of a given
context with its referents, and in such a way deserve full respect, even though they
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may appear to be of lower status from other points of view. For example, defining
man as ‘a featherless two-legged animal’ might sound a little ridiculous in com-
parison with other definitions which much better capture his ‘essence’ (such as, for
instance, ‘a rational animal’). Nevertheless, the first characterisation (jointly with
other similar ones) may help us fix the reference of the concept of man rather
satisfactorily, while the second does not. This example may clarify the sense in which
the role attributed to operational predicates here does not imply essentialism, and how
the stability of the reference may be secured through certain ‘humble’ descriptive
predicates in spite of the variability of ‘high-ranging’ theoretical predicates.

Our remarks clearly show that even in everyday discourse, concepts (or at least
a good number of them) possess a ground intension or stable core of meaning
which does not change, being that part of the meaning which is directly related to
reference. In the case of everyday language, however, it may as a matter of fact be
very difficult to pick out these concepts, and, even more, to identify their ‘stable
core.” We know that such ground intensions actually exist simply because we use
concepts rather unproblematically in our verbal communication, but it might prove
a hopeless enterprise to try to make them explicit (the concept of man perhaps
constitutes a good example of how difficult this task may be). And this may not be
the last reason that has pushed many scholars (e.g. Kripke) to return to the doctrine
of essentialism in recent years.

But in the case of science we are luckier, for (at least according to the analysis
advocated in the present work) we have specific (or specifiable) criteria for estab-
lishing reference and, therefore, for fixing the stable core of the operational concepts. '

On the basis of the foregoing considerations—which were needed in order to
explain the general sense of our position—we may now turn to the problem of
comparing theories. In order for this comparison to be possible, the theories in
question must be concerned with the same ‘domain of objects,” and this fact is not
easy to clarify in the usual literature because this notion is assumed in a very vague
sense, and thus cannot play a role in the actual discussion. It is therefore under-
standable that a trend developed in twentieth-century philosophy of science when
(in keeping with the ‘linguistic turn’) the Vienna Circle proposed philosophy of

5 The above considerations explain how we can satisfy a very reasonable requirement
concerning the relative stability of reference expressed by Harré: “Our theory of reference must
not make the achievement of a referential relation between a person and thing so fragile a link
that every change in the meaning of the vocabulary with which we describe the things we believe
to exist requires us to revise our ontology. Nor must we make that link, once achieved, so robust,
that we are obliged to hold on to it no matter how much the meanings of our descriptive
vocabulary has changed” (Harré 1986, p. 99). We have seen that the indispensable ‘stability of
the semantic logos’ is granted by the permanence of the referential core of the intension of
concepts that is compatible with significant changes in the linguistic-contextual part of this
intension. That this stability also entails a stability of ontology will become clear in the sequel,
when the decisive ontological role of reference is discussed. A more detailed discussion of this
issue will be presented in Sect. 5.3.5.
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science to be a metalinguistic-methodological study of science. Within this view
(which has remained typical of analytical philosophy and of the logical-empiricist
tradition, and which we shall provisionally ‘assume’ here without discussion), the
problem of theory comparison receives a linguistic formulation. This may be
schematised—with several simplifications not affecting the substance of our
argument—in the following way: if theory T’ is able to explain the empirical
statement E, which theory T is unable to explain, we can say that T is to that extent
better than 7. As we have said, we shall omit from our considerations here the
possibility of having more than one empirical statement involved, as well as
‘ceteris paribus conditions’ or other methodological requirements, which have
been amply discussed in the pertinent literature.

Assuming also the conception, typical of the logical-empiricist approach,
according to which to explain an empirical fact E using a theory 7 is to provide a
formal deduction of E from T in conjunction with suitable statements of condi-
tions, we can express the above ‘comparison’ by saying that 7' is better than
T inasmuch as E is formally deducible from 7' but not from T.

But now the objection arises that, in order for this requirement to be of any
significance, it has to be understood that the meaning of the terms involved in the
formal deduction is the same in both cases. This was precisely what was taken for
granted by the empiricist tradition, and this is what became more and more con-
troversial later.'®

For a while, people accepted that the theoretical concepts which enter theories
T and T are different in meaning even when they are expressed by the same words,
because it was supposed that ‘observational’ concepts, which are the only non-
logical components of E, are in any case endowed with the same meaning in both
theories. But doubts about the possibility of clearly distinguishing observational
from theoretical concepts first—and eventually the claim that all concepts
(including so-called observational or empirical ones) are theory-laden—inevitably
eroded the original confidence felt with regard to the possibility of comparing
theories. Theory comparison presupposes inter-theoretic stability of meaning
(which was supposed to be provided by observational tools); once this disappears,
the meanings of all concepts are strictly dependent on the theory in which they
occur, and theory comparison is in such a way impossible. This is the basic
argument for the alleged ‘incommensurability’ of theories, which is one of the
favourite theses of the ‘new’ philosophy of science.'’

' Feyerabend in particular has insisted on this point, already in his (1963), pp. 16ff.

17 To be fair, one should recognise that neither Kuhn nor Feyerabend suggest that incommensu-
rability should imply incomparability. Kuhn allows that theory comparison may take place, but on
grounds other than those suggested by the logical-deductive scheme accepted by empiricists and
Popperians. We are not interested here in examining these other grounds, such as accuracy, scope,
simplicity, fruitfulness, and the like, most of which Dilworth has incorporated into the Perspectivist
conception of science (see Dilworth 2008, Ch. 9, pp. 66-88), but simply want to show how the
incommensurability thesis is in itself untenable, and therefore how it makes some sense also to
compare theories according to the logical-deductive scheme. In parts of this book to come, on the
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According to the perspective maintained in this book, however, the assumptions
of the above argument cannot be taken as justified since, if we introduce operations
in the proposed way, we indeed have the tools we need to be able to say:

(a) there are at least some predicates that can be recognised as empirical (viz. the
operational ones);

(b) these predicates have a ground intension or a stable core of meaning which is
not theory-dependent;

(c) nothing prevents the same operational predicates from occurring in two dif-
ferent theories T and T' with their ground intensions unchanged;

(d) it is possible to formulate empirical sentences E in which only such
O-predicates occur, and which involve only their ground intensions (to the
extent that, in order to test E, only the operations implied in the operational
definitions of the O-predicates are involved).

Under these conditions—the stability of the meaning that is actually involved
being secured for E—the two theories are comparable in the above specified
sense. Let us also note that, owing to the function we have attributed to the O-
predicates, this happens because the two theories concern the same objects, thanks
to the referential components of the intension of these predicates.

(Footnote 17 continued)

other hand, we shall also clearly indicate the /imits of this scheme, and propose a more com-
prehensive approach. Let us therefore quote a passage of Kuhn in which all the above consid-
erations are present:

The point-by-point comparison of two successive theories demands a language into which at
least the empirical consequences of both can be translated without loss or change. That such a
language lies ready to hand has been widely assumed since at least the seventeenth century
when philosophers took the neutrality of pure sensation-reports for granted and sought a
‘universal character’ which would display all languages for expressing them as one. Ideally the
primitive vocabulary of such a language would consist of pure sense-datum terms plus syn-
tactic connectives. Philosophers have now abandoned hope of achieving any such ideal, but
many of them continue to assume that theories can be compared by recourse to a basic
vocabulary consisting entirely of words which are attached to nature in ways that are
unproblematic and, to the extent necessary, independent of theory. That is the vocabulary in
which Sir Karl’s basic statements are framed. He requires it in order to compare the verisi-
militude of alternate theories or to show that one is ‘roomier’ than (or includes) its predecessor.
Feyerabend and I have argued at length that no such vocabulary is available. In the transition
from one theory to the next words change their meanings or conditions of applicability in
subtle ways. Though most of the same signs are used before and after a revolution—e.g. force,
mass, element, compound, cell—the ways in which some of them attach to nature has
somehow changed. Successive theories are thus, we say, incommensurable.

Our choice of the term “incommensurable” has bothered a number of readers. Though it
does not mean ‘incomparable’ in the field from which it was borrowed, critics have regularly
insisted that we cannot mean it literally since men who hold different theories do communicate
and sometimes change each others’ views. More important, critics often slide from the
observed existence of such communication, which I have underscored myself, to the con-
clusion that it can present no essential problems (Kuhn 1970, pp. 266-267).
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Another way of expressing the same idea might be the denial of the possibility
of comparing theories based on the assumption that there are no independent facts
or data to provide us with a criterion for comparison, since facts and data are
always such ‘relative to a given theory.”'® The interesting fact is that we too have
been claiming the ‘relativity’ of facts and data, in the sense that facts and data
depend on the particular operational criteria employed in a discipline and, as a
consequence, also by any theory proposed in that discipline, but we did not take
the further step which consists in saying that data and facts are relative to every
single theory; on the contrary, they remain constant for all theories belonging to a
given discipline. This is fully compatible with the admission that the meaning of a
concept or a statement be ‘in general’ relativised to theories, since this does not
prevent two (or more) theories’ having the same tools of relativisation with respect
to that concept or statement. According to our perspective, this may actually be the
case with respect to a restricted class of concepts and statements, that is, for the
operational concepts and for the statements which contain only these concepts.
This is the case when the two theories are grounded on the same basic predicates
which are related to the ground intensions by means of the same operations, and
differ only because of the different logical networks they apply (and therefore, also
because of the different theoretical concepts they use).

What we are maintaining here is not that theories are always comparable, but
only that they may be comparable as a matter of principle, and sometimes actually
are comparable as a matter of fact. Therefore, we shall not deny (as pointed out
earlier) that concepts labelled with the same name in classical and quantum
mechanics respectively actually possess different meanings, such that one is
entitled to say that it is not the same energy, position, velocity, and such, which is
being considered in each theory.

We take this position for two reasons. The first is that, the two theoretical
contexts being different in the case of classical and quantum mechanics, they
induce differences in the intensions of their respective theoretical and operational
concepts. From this point of view, the situation is not much different from that in
the case of Euclidean and non-Euclidean geometries, where we should always bear
in mind that it is not the same space which we say admits exactly one, more than
one, or no parallel line to pass through a given point, because the axiomatic
contexts defining space are different in the three cases. It is because of this, by the
way, that no violation of the principle of noncontradiction or of the excluded
middle is to be found here (i.e. there is no theory conflict), as both principles

'8 This claim has often been made, especially by Feyerabend, who has consequently denied that
two different theories may “refer to the same objective situation.” See, e.g., Feyerabend (1978),
p. 70. This stance, however, is incompatible with his acceptance in his (1975) of gestalt-switch
phenomena as constituting instances of incommensurability (as has been pointed out in Dilworth
2008).
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presuppose a stability of meaning. In addition to this, we may say that help in
making a comparison cannot be derived from operational concepts in the case of
classical and quantum mechanics either, since the mensural operations involved in
quantum mechanics are not the same as those in classical mechanics. One can
therefore say that the two disciplines refer to different ‘objects,” and are thus not
comparable, as regards their relative superiority, since they do not have the same
intended domain. The fact that they share certain terms is a consequence of the fact
that several intensional components are preserved more or less unchanged in the
concepts expressed by these terms; but these components are related to each other
in a different way, and are also bound to different components in the two theo-
ries.'® Therefore, we should not say that quantum mechanics has to be accepted
over classical mechanics, but besides classical mechanics.

We might here consider another example which seems to offer an instance of
comparable theories. Let us take the wave and corpuscular theories of light (7 and
T') as they were conceived in the first decades of the nineteenth century, at which
time the corpuscular theory was discarded from physics. In this case we cannot
help but admit that, though the theoretical frameworks were really at variance with
one another, they were based on the same operational criteria for making light
objective. Actually, both theories enabled the deduction of testable sentences
concerning actual beams of light travelling through holes, being reflected,
refracted and diffracted by means of suitable devices, passing with different
velocities through media of different densities, and so on. Due to this common
stock of empirical facts an empirical statement E was eventually found that was
formally deducible from T while its negation was formally deducible from 7", and
this®® eventually led to the rejection of one of the theories and the acceptance of
the other.

19 Just to give a brief example, the notion of velocity retains its most intuitive intensional
features in quantum mechanics, being understood as the rate of change of the position of a
particle in its trajectory with respect to time. However it is precisely because the assimilability of
a particle to a material point localised in space and time, or the notion of trajectory, are
problematic, that the concept of velocity also undergoes modifications. Heisenberg’s uncertainty
relations may be seen as the new ‘contextual’ situation which modifies the composition of the
traditional intensional pattern of concepts imported from classical to quantum mechanics.

20" The tools of relativisation for the operationally definable concepts of optics in the first decades
of the nineteenth century were the same both in the context of the corpuscular and of the wave
theories of light, and it was thanks to them that empirical laws and experiments could be accepted
with the same (operationally determinable) meaning and with the same reference, in spite of the
fact that these laws were differently interpreted and explained by the two theories. However, it
was precisely because of this ‘common relativisation’ of the operational concepts that the theories
could be compared, and that one superseded the other at that moment. (At least in this case we
believe that the result of the comparison was more decisively determined by this ‘deductive-
empirical’ procedure than by anything else).
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Of course, one must not be naive and believe that it was the ‘corpuscular’
feature which was defeated in the corpuscular theory. This was believed to be the
case simply because, owing to the already mentioned visualising attitude of
physics at that time, the intuitively most distinct points of disagreement between
the two theories were thought to be the really decisive ones. Today we realise that
at least some part of the corpuscular conception of light has to be retained, along
with certain of light’s wave-like qualities.

The conclusion is, therefore, the following: when two comparable theories
A and B are in fact compared, if the results of the global performance of A are more
satisfactory than are those of B, it is A that must be considered the superior theory.
If we want to use our ‘intensional’ way of speaking in regard to this issue, we
might say that, when crucial experiments seem to have condemned one particular
concept as being inadequate with respect to the object under consideration, the
theory as a whole should be condemned, while the weak point ought not be
localised in the intension of some particular incriminated concept. Indeed, the
intensional part of the theoretical concept which was thought to be responsible for
the failure may well be innocent, and may be rescued by further developments of
that science.

The discourse concerning the comparison of theories is, however, much more
complicated than it may appear from what has been said in this section, as it is
deeply rooted in the much more highly elaborated discourse on theory change.
In any case, it represents a rather clearly identifiable sub-problem of that more
general problem, and is characterised by some logically and epistemologically
crucial questions which we have tried to identify and discuss here. We shall speak
about the more comprehensive sense that this problem has in its relation to other
questions when we come to consider theory change more specifically. At that time
we shall revisit the issue of comparability in order to make explicit certain non-
essential presuppositions of the present discussion. In particular, some points of
the present discussion seem to depend on the acceptance of the statement view of
theories, and on the deductive model of theory comparison, but this is not really
the case. The really important thesis is that theory comparison is based on refer-
ence rather than on meaning, and this is why the operational criteria are so
important in this respect.”!

2! Hence we could say that the positions of Kuhn and Feyerabend represented a progressive step
in that they revealed the need to transcend the syntactical narrowness of the Deductive Model,
and open the door to semantical considerations (see especially Kuhn 1974, p. 504). However,
they failed to take the other step, that of proceeding to praxis, which would have shown them that
theory comparison is made on the basis of ‘practically’ (we say operationally) determined
referents.
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3.4 The Notion of the ‘Universe of Discourse’

The different aspects of the complex structure of scientific objectivity we have
explored thus far have provided us with sufficient analytic tools to tackle the
problem of the ontological status of scientific objects or, if one prefers, of the
ontological commitment of science. Before directly studying this question, how-
ever, let us give a more exact idea of the general position maintained in this book
by discussing a notion which is often used in the philosophy of science, but which
has a special meaning in our perspective. This is the notion of the universe of
discourse of a science, which in the literature is usually made equivalent to the
notion of the domain of individuals of that science. Such an equivalence is not a
simple accidental coexistence of linguistic expressions. Indeed, it covers at least
two tacit presuppositions.

The first presupposition is that by “universe of discourse” we must understand
a set of entities, equipped with properties and relations about which a certain
discipline or theory is intended to speak. As we have already observed, this way of
thinking corresponds to conceiving of these individuals as ‘things,” if one adheres
to the intuitive picture of science. If one considers instead certain more sophisti-
cated approaches, such as those represented by model-theoretic treatments of both
the formal and empirical sciences, one can see that properties and relations are
considered there extensionally as sets of individuals, sets of ordered n-tuples of
individuals, and so on. Both in the intuitive and in the sophisticated conception, a
kind of hidden Platonism is involved, in the sense that the individuals and their
attributes (be they conceived of intensionally or extensionally) are supposed to
exist in themselves and to be given independently of the science which attempts to
‘speak about’ them as faithfully as possible.

The second presupposition, on which the first is actually based, is the identi-
fication of meaning with reference. In fact, when one speaks of a ‘domain of
discourse,” one employs an expression which, in itself, is of a linguistic character,
and as such simply stands for something like “the framework inside which the
discourse is intended to be meaningful.” Only if one identifies meaning with
reference can “domain of discourse” be considered to be synonymous with “the
set of designata to which the discourse is intended to refer.”

As should be clear from the preceding parts of this book, we do not think that
either of these two presuppositions is correct or acceptable, and so we propose an
alternative interpretation for the notion of the universe of discourse.

The most intuitive notion we might call into play in order to establish a first
affinity is perhaps that of a conceptual space which is characteristic of every single
science and, within a science, of its different theories. Indeed, as we have already
explained at length when we refuted the naive conception according to which
every science is characterised by selecting a certain domain of ‘things’ as its
proper field of inquiry, what is typical of a science is rather its ‘way of looking’ at
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things or, better, the restricted ‘thematic field’ to which it limits its inquiry. This
means that each science has to do with a specific ‘domain of concepts’ rather than
with a specific ‘domain of things,” and it is by means of these concepts that it
formulates its questions, its problems, its conjectures, its predictions, and its
testable sentences. This is what we have expressed earlier in saying that, when a
science is considered as an organised set of statements, its specificity is expressed
by the particular set of predicates it adopts, predicates being the names of concepts
in a given language.

We say that the expression “conceptual space” only approximates that of a
scientific domain of discourse because we think that the two are related by a
genetic link and by a process of technical refinement which constrains us to
maintain a certain distinction between them. More on this point will be said when
we come to speak of the historical determinateness of science; but we can already
express at this stage the main lines of this relation.

When suitable historical conditions are ‘ripe’ (these conditions being a result of
internal and sometimes external factors with respect to science), certain new vistas
become current in the scientific community, or new ideas begin to take shape in
the mind of a single scientist, ideas which lead to a (more or less) new way of
looking at reality. Such new perspectives tend to organise themselves around a
restricted number of fundamental concepts regarding entities, properties, relations
and processes, and come to constitute a unity which we could compare to a new
Gestalt in which several already known details are organised in a different shape,
or are suddenly shown to be relevant to one another in a way not realised before.

Transitions of this sort occurred, for example, when the Copernican revolution
took place, when the mechanistic worldview became widespread in the seven-
teenth century, when the first steps in the scientific interpretation of fossils were
taken in the eighteenth century, when the idea of biological evolution was pro-
posed by Lamark and Darwin, when ‘scientific psychology’ was begun by several
scholars at almost the same time in the nineteenth century, when the idea of the
quantum of action occurred to Planck as regards the nature of radiation. In other
words, when a new scientific discipline is founded, or when a new theory is about
to be proposed within an already existing discipline, this event is prepared for by a
process of ‘gestaltisation’” which we propose to call the construction of the
“conceptual space” of the new discipline or theory.?

But the constitution of this conceptual space is not in itself a sufficient condition
for producing a science. In order for this to happen the concepts included in the
conceptual space must undergo a process of purification, simplification and

22 This notion of ‘conceptual space’ has some affinity with the notion of ‘paradigm,” but differs
from it inasmuch as it is prescientific. For the same reason it also differs from the ‘logical
network’ of which we have spoken in previous sections, since it is not yet articulated into
explicitly defined concepts and explicitly formulated sentences. When this happens, we have a
transition to the construction of a theory proper, which may be considered a linguistic
presentation of the Gestalt (and as such is always only partially successful); and one of the most
typical features of a theory is indeed the establishment of the ‘logical network’ just mentioned.
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explicitation, and must be reduced to a small and manageable group, in which at
least some of them appear to play a strategic central role, while others have to play
the indispensable role of providing the testability of the whole Gestalt. Concepts of
the first sort are almost without exception what will become the theoretical con-
cepts in the new discipline or theory, while those of the second sort should give
rise to its operational concepts. In any case, such a transition is not automatically
guaranteed, and it may take years for it to be properly accomplished.”

Only if and when this transition has been effected and we have a structure of
concepts fairly well related through a logical network—some of them also being
endowed with a recognised operational procedure for testing the sentences in
which they occur—can we say that we possess the domain of discourse of the new
discipline proper. Without this distinction we should either confuse any worldview
or metaphysical interpretation with science itself (by saying that every ‘conceptual
space’ is already a ‘domain of discourse’ in a proper sense), or leave unanswered
the question of how the domain of discourse of a science is determined (as is the
case in most of the current views in the philosophy of science, which either neglect
the problem of the genetic starting point of theories, or interpret it, paradoxically,
in a non-genetic way, that is, according to an alleged discontinuity in theory
change).

We could summarise the above by claiming that giving the domain of discourse
of a science is a semantical problem which amounts to describing the structure of
the meanings involved in that science. This, on the other hand, cannot be identified
with the problem of describing the set of referents of the science, since this is
rather a pragmatic question (in a sense of “pragmatic” which is not the usual
semiotic one, but is related rather to the idea of operating or doing something, and
is in this sense faithful to the original conception of pragmatism introduced by
Peirce, which had an explicit operational connotation).*

If someone should object that we are dogmatically anti-referentialist, and that
nothing actually prevents us from equating the meanings of scientific concepts
with their referents (or with their extensions) we could simply invite our would-be

% For example, the ‘conceptual space’ of classical mechanics was taking shape when Galileo
first proposed characterising nature in terms of its quantitative features (primary qualities), which
should provide knowledge of the nature of the motion of material bodies in space through the
discovery of laws. To this Newton explicitly added the notion of force, that is, a very particular
form of cause (or, if one prefers, a particular manifestation of efficient causality) which was not
meant to ‘produce’ things, but only to modify motion by acting upon material things from the
outside. This general framework or Gestalt had to be refined and analysed into a set of concepts
which were really of use (e.g., some of the Galilean primary qualities, such as ‘shape’ were not
retained), such as those of position, duration, mass, velocity, acceleration and force; and these
concepts had to be equipped with certain operational procedures of measurement. Some work in
this sense was already done by Galileo, and the rest was done by Newton with whom the actual
discipline of particle mechanics was inaugurated, by means of the introduction of such theoretical
concepts as that of material point, absolute space, absolute time, and so on, and the explicit
formulation of theoretical laws (such as the laws of force and of gravitation).

2% We shall return to this question, and analyse it with the necessary detail in Sect. 4.3.
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opponent actually to show us, for example, the ‘domain of discourse’ of physics
conceived of extensionally. As we have already remarked when criticising the
‘thing-object’ confusion, no one would really be able to indicate to us the indi-
viduals which are specifically the objects of physics. This means that, even with
the best of wills and the most tolerant of attitudes in semantic matters, we could
not accept that the domain of discourse of a science is given extensionally or
referentially, simply because such a domain does not exist at all independently of
the science itself. The conclusion is therefore that when we give the domain of
discourse of a science, we simply give (at least in principle) a list of concepts and
some criteria of referentiality for at least a few of them.

The mention of criteria of referentiality clearly indicates that we are far from
being insensitive to the problem of reference (the discussion of the preceding
sections should have made this sufficiently clear in any event, and we shall be
specifically concerned with this problem again in Sect. 4.3). As a matter of fact,
every science, aside from having its domain of discourse, also has its domain of
referents; but this domain cannot be identified with the domain of discourse which
is intended in current philosophy of science. The reason is not merely that we
cannot conceive of these referents as being simply ‘things,’ i.e. individual exis-
tents. More complex, and perhaps more interesting, features are to be found if we
further explore the structure and the conditions for the making of this ‘domain of
referents.’

The first remark is that, contrary to the common view, the domain of referents is
not given for a certain science, but is rather constructed step by step, and is a
function of the predicates which enter the logical apparatus of that science. This
fact is simply another way of expressing what was said in describing how predi-
cates (and more precisely, basic predicates) ‘clip out’ objects from things. One has
only to add the obvious remark that, although in principle every ‘thing’ may
become an ‘object’ of a given science (and thus enter the domain of its referents),
this is not to say that it actually or in fact does so.

In order to see this with some clarity, let us suppose that the ‘domain of discourse’
of a particular discipline has been fixed. This means that a given list of operational
basic predicates Oy,..., O, has been advanced, together with some theoretical
predicates Ty,..., T,. The basic predicates are also provided with their respective
‘operational definitions,” which amounts to saying that, for every such predicate, an
instrumental device is indicated, with a list of instructions stating how it is to be used
and which results must obtain in order for the predicate to be said to apply. As we
have already mentioned on more than one occasion, an object is ‘clipped out’ of a
‘thing’ as a result of an application of all the basic predicates to that thing.

Let us now suppose (going back to an already used example) that we have some
‘thing’ as concrete as a toothache (only those who never experienced a toothache
could say that it is not a real ‘thing,” because it cannot be seen or touched), and that
we want to know whether it can be an object of mechanics. Assuming that the
basic predicates of mechanics are mass (to be measured by a balance), length
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(to be measured by a metre stick) and duration (to be measured by a chronometer),
we see that only one of these basic predicates of mechanics can be applied in our
example (i.e. duration). As for the other two predicates (mass and length), a
toothache simply cannot be submitted to the operational procedures devised for
them, and we must say, therefore, that it has neither a mass nor a length in the
sense of mechanics. Therefore it does not belong to the referents of mechanics or,
equivalently, it is not an object of mechanics.

It is therefore clear in which sense the referents of a science are not ‘given,” but
are simply ‘constructed’ by applying to ‘things’ the operational criteria of the basic
predicates. This implies, in particular, that the domain of referents itself is obvi-
ously not given, but that it is rather under continuous construction, in the sense that
it is an open and potentially infinite set. This corresponds well to the actual
situation in science where we have to do with open domains of referents, and never
with the alleged infinite domains of individuals of which current analytical
methodology often speaks with more fantasy than realism.

More interesting features connected with this fact will be seen when we con-
sider the problem of the semantics of formalised empirical theories. It will then be
clear that practically no tool of the usual model-theoretic semantics used in
mathematical logic is applicable, and that the alternative semantics we are going to
propose has certain commendable features, such as those of decidability and non-
ambiguity.”

With this clarification, we can now accept an expression which we have
refrained from using hitherto in this section, that is, “domain of objects.” The
reason we preferred not to use it is that it is commonly understood as being
synonymous with “domain of discourse” inasmuch as the latter is understood in
the extensional and referential sense just discussed. However, if we adopt for the
notion ‘domain of discourse’ the intensional interpretation proposed here, we
could use the expression “domain of objects” to designate not the domain of
referents of which we spoke above, but the domain of abstract objects which
constitute (as we have already explained at the end of Sect. 2.7) the denotations of
the predicates admitted in the domain of discourse.?® Indeed, when we speak of ‘an
object,” according to our point of view, we know how many complex conceptual
features it involves, and we therefore cannot confuse it with an independent
anonymous ‘referent.’

% See the appendix: “The Semantics of Empirical Theories’.

26 No uniformity of use exists in the literature regarding the term “denotation,” though it is most
frequently employed to indicate a word-world relation, and is considered synonymous with
“reference.” For reasons which have already been explained, at least in part, we speak of
denotation also to indicate the relation between a linguistic expression and an abstract object, or
intensional object (which does not belong to ‘world’ in the everyday meaning of this expression),
while we prefer to speak of reference when the relation is established with an object for which we
have ‘referential procedures’ at our disposal. This terminological convention will be further
clarified in the next section.
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This is why we maintain that, once the domain of discourse of a science is
given, its domain of objects will soon emerge, since, as we have seen, the concepts
constituting this domain of discourse are used by the scientists’ intellectual cre-
ativity to construct those Gestalten, those ‘models,” which are intentional entities
(or entia rationis according to the classical terminology), and which are those
abstract objects which we have already seen at length to be the scientific objects in
a proper sense.”’

However, we cannot rest content with only this notion of object. Indeed, when
we began our discussion of scientific objectivity in general, we noted that it is very
common and natural to say that every science investigates its own objects, and we
have also repeatedly said (even in the course of this very section) that the criteria
of referentiality clip objects out of ‘things,” or that a ‘thing’ may or may not
become an object of a given science. Now it is patent that in all these expressions
the object is conceived of in a referential sense, as something which is related to
the abstract object and at the same time distinct from it. Should we try to eliminate
this second meaning?

It is neither necessary nor advisable to do so. It is much better to recognise that
the notion of scientific object has a bipolar or two-faced meaning. On the one
hand, it denotes the (unique) abstract object and, on the other, it denotes a ref-
erential object. The first is an ens rationis, an intentio secunda, a noema (in
Husserl’s sense), a Gestalt or a model (according to our previous terminology), or
the object encoding certain properties (according to Zalta’s terminology). The
second is (in the case of the empirical sciences, to which we limit our attention
here) a concrete individual which falls under the abstract concept (as Frege would
say), or is a referent endowed with the properties constituting the abstract object
(according to our previous terminology), or is an ordinary object exemplifying
those properties (in Zalta’s terms), or is part of the intended domain (in Dilworth’s
sense). In other words, we have already seen that the referents of a science are only
those things which satisfy its predicates; thus we shall call them, more precisely,
objectified referents (i.e. referents inasmuch as they satisfy the conditions of the
given objectification). We can however equally well call them referential objects,
and in such a way we shall have done justice to the sound belief that every science
studies its specific objects not only in a conceptual, but also in a referential sense.

This is by no means a peculiar feature of sophisticated modern science. If I read
an article about dogs, I must say that its domain of discourse is constituted by
concepts that can be applied to dogs, and that its domain of objects is constituted
by dogs, but this in two senses: in one sense the article speaks of dogs only in
general, and therefore what it says applies to an ‘abstract dog’ (or to a model, a

27 There is a difference between infention and intension (and between the related adjectives), but
at the same time these two notions are both historically and conceptually related. We shall
examine this issue in the next section.
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concept, a Gestalt, a noema of dog and so on). But in the other sense it is supposed
to be pertinent to concrete dogs inasmuch as these individual entities instantiate
the features expressed in the abstract concept. In short, the article refers to actual
concrete dogs, through the abstract concept of dog, so that we can legitimately say
that the object of the article (or its subject-matter, that of which it treats) is in one
sense the properties constituting the abstract concept of dog, while in another
sense, and at the same time, it is the dogs themselves.

We have seen that the domain of the abstract objects of a science is open (since
new objects may be included in it in the course of the investigation); much more
open is the domain of referential objects, since membership in this domain is
contingently decided on the basis of the results of testing procedures, which
concern single individuals, so that it seems clear that this domain is potentially
infinite and constantly expanding. However, what may seem surprising, but is
indeed a confirmation of the futility of the extentionalist point of view, is that we
have absolutely no need to know the composition of this domain of referents in
order to pursue a scientific investigation.

In order to see why this is so, let us introduce a distinction useful in philosophical
discussions, and which we shall make use of later in this work. It is the difference
between the whole and the totality of individuals. When we speak of the whole, we
do not speak of a content proper, but rather of the horizon in which all possible
contents of a certain line of thought, discourse or investigation are to be included. In
this sense, when we speak, for example, of the whole of physics, we do not mean by
that the totality of physical objects or of the referents of physics, but the horizon
within which every possible physical object or referent must be included. In this
sense, while it would be impossible to give or even assume the enumerability of the
totality of such individual referents, it is by no means impossible to determine the
whole of physics (at a given stage of its evolution). To this end we only need to make
explicit the predicates which constitute the domain of discourse of physics. We may
correctly say that these predicates determine the whole of physics simply because
nothing could conceivably belong to physics as one of its objects unless it is
describable by means of these predicates, and everything satisfying this condition
must be numbered among the objects of physics.”®

The totality of things which belong, as referents, to any discourse is on the
contrary unmanageable, if one excludes the trivial cases of finite totalities which
are of little interest to most sciences. We can therefore say that, while it would be
pretentious and even ridiculous to claim that physics is the science in which one
knows or tries to know the totality of physical objects, it makes sense to say that
physics tries to determine and study the whole of the domain which they constitute.

28 A synonym of “whole” in the sense we are using it here could be the more usual term
“scope.” We have preferred the more exotic terminology, however, in order to underline the
global and ‘transcendental’ purport of those conditions that actually envisage ‘the whole of
reality’ from a ‘partial’ point of view.
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While the importance of this distinction may not be apparent at this point, let us
simply mention an issue with respect to which it is illuminating. One of the most
fashionable topics in contemporary criticism with regard to science involves
calling the category of totality into play. In other words, science is claimed to be an
inadequate or even deceptive form of knowledge because it ignores the ‘totality.’
Unfortunately, this category is often misunderstood, as it is sometimes taken in the
sense of what we have here called the whole, and sometimes in the also-mentioned
sense of the torality of things. As a consequence several misunderstandings arise,
some of them particularly serious. For instance, one of the main breakthroughs of
modern science has been, as we have already seen, that of disconnecting the
problem of knowing and understanding some particular features of reality from the
task of determining their interrelations with the totality of things. Strangely
enough, some modern scholars seem to suggest returning to such a prescientific
way of conceiving of a totality, being unaware that most scientific progress has
been attained through a transition from the investigation of totalities to the
investigation of wholes.

Plurals are used here on purpose, for they indicate (as does the analogous use of
the expressions horizon, conceptual space, thematic field, and domain of dis-
course) that, despite a certain paradoxical flavour, the wholes are always partial.
Because of this partiality, they can complement one another, be compatible, and
even, so to speak, be mutually embeddable. The whole of physics, for example,
may be thought of as being composed of the union of certain subdomains or
wholes which are otherwise separated from one another, such as the whole of
mechanics, the whole of electrodynamics, the whole of atomic physics, and so on.
Note that the whole’s being a complex of constitutive conditions, and not a col-
lection of entities, enables one and the same entity, or ‘thing,” to belong to dif-
ferent wholes, according to the possibility of its being envisaged by means of the
predicates determining the structure of this or that particular whole.

In summary, ‘things’ are approached and described in different sciences by
means of different objectifications which express the viewpoints or the ‘wholes’ of
single sciences. This takes place through the application of operational criteria of
objectification to ‘things.” But this is not the logically primitive fact, since these
criteria are devised only within a particular Gestalt, in which several concepts are
organised into a unity. Sometimes this Gestalt is of a low level and is almost
entirely constituted by empirical and sensory features; but in almost all the sci-
ences much more complex Gestalten are introduced by virtue of an intellectual
synthesis. In the case of these more complex constructions, some of the features
entering the Gestalt must be equipped with operational conditions for testing. Only
if these requirements are satisfied can a general perspective on things, a conceptual
space, be promoted to the level of being the domain of discourse of a particular
science, and make it practically possible for ‘things’ to enter the domain of objects
of that science, and actually be investigated by it.
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What we hope to have sufficiently clarified thus far is therefore the concept of a
scientific object as we see it. Still, some understandable dissatisfaction could
remain as far as the notion of ‘thing’ is concerned. Although it does not play a
positive role in our discourse, it nevertheless constitutes a kind of prerequisite for
the notion of object itself, and thus merits further investigation.



Chapter 4
The Ontological Commitment of Science

4.1 A Semiotic Framework!

In the course of our presentation we have often used expressions such as
“meaning,” “reference,” “denotation,” “intension,” “extension,” and so on. All
these (and related) terms are far from having unique, standard meanings in the
philosophical literature, and so we must clarify the way we are using them in this
work. Moreover, we have presented several theses which presuppose, or imply,
certain ways of conceiving of the relations between language, thought and reality
that diverge at points from certain widespread ways of envisaging them (e.g., our
thesis that an ‘intensional’ rather than ‘extensional’ semantics is appropriate for
the treatment of scientific theories from a linguistic point of view). Without
entering into details (especially concerning the critical evaluation of the most
controversial points), we shall simply try to make explicit the general lines of the
semantic framework in which the discourse of this book is situated, and at the
same time fix the terminology we shall adopt for the treatment of certain special
topics.

ELINT3 s

4.1.1 Sense and Reference

In the field of methodology and philosophy of science, semantics is most usually
conceived of as consisting in the task of assigning an ‘interpretation’ to ‘mean-
ingless’ symbols of a given language. This interpretation in turn is seen as an
association of certain appropriate referents or objects (individuals, sets of indi-
viduals, and so on) to the different kinds of symbols, which in such a way are
supposed to receive a meaning and to become meaningful. This approach has
become standard for the semantics of formal systems, and constitutes the basic
perspective on which model theory is grounded in mathematical logic, while also

! Some parts of this section have been published in Agazzi (2012).
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being the approach presupposed by almost every current work on the semantics of
empirical theories.

Against this perspective, we maintain that the task of semantics is certainly that
of providing the meaning of linguistic expressions, but this task is different from
the problem of providing the referents of these constructions, since it requires as a
precondition that of providing for them a sense. These two problems are analyt-
ically distinct, even though they are strictly related. There is a difference between
simply referring to a thing and saying something about this thing, this difference
being especially evident in those cases in which the referent can be spoken about
in different true statements (while remaining the same referent), or in those cases

2 It would take us too far afield to reconstruct the history of this approach. However, at least
certain points deserve mention since they throw light on issues relevant to our discussion. As we
have noted on earlier occasions, twentieth century positivist philosophy of science was deeply
influenced not only by the ‘linguistic turn’ of contemporary philosophy, but especially by the
creation of mathematical logic and the ‘formalistic’ trends of Hilbert’s philosophy of
mathematics. The adhesion to the linguistic turn produced the conviction that a full understanding
of science could be provided by an analysis of the language of science. The fascination of
mathematical logic led to the creation of what has been called the mythology of deductivism (see
Harré 1970, Chap. 1), which in particular has led to what has been termed the statement view of
theories and the hypothetico-deductive model of scientific explanation (Hanson 1958, p. 70 ff.),
and in general to an abhorrence of the idea that “vehicles for thought are not wholly propositional
but ‘pictorial’ as well” (Harré 1970, p. 2). In short, the empire of formal deduction, which was
seen to cover all mathematical disciplines, was extended to encompass all of the exact sciences,
including the empirical ones. But the last step was even more drastic. In his Logical Construction
of the World, Carnap explicitly says that “science is concerned only with the structural properties
of objects” (see his 1928, p. 12 ff.), and makes explicit reference to the spirit of mathematics and
to Hilbert’s doctrine of “axiomatic definitions” (which we have already mentioned, particularly
in Sect. 2.8 of this work). But this doctrine had been created in order to dispense with reference in
mathematics, and how could it be applied to the empirical sciences? We know that a possibility in
this sense is not excluded, and that already Poincaré, e.g., had maintained that science is able to
discover objective relations in nature (therefore considering a ‘content’ overstepping the simple
syntactic domain). This is the central idea of that ‘realism of structures’ that has known inter-
esting developments recently but was not the idea that Carnap was advocating in his work.
Carnap says—and logical empiricists have repeated after him—that a scientific theory is a formal
calculus to which ‘interpretations’ may afterwards be assigned (by means of ‘correspondence
rules’ or otherwise). But how can these interpretations actually be selected and applied? Math-
ematical logic (and in particular its branch known as model theory) has a reply to this question,
since the interpretation of formal systems is conceived of extensionally and in purely set-theo-
retical terms, so that the nature of the elements of the set is immaterial, and their properties and
relations may be (extensionally) defined in an arbitrary way in order to construct the interpre-
tation. But this cannot be satisfactory for the interpretation of empirical theories, in which the
referents are intended and endowed with attributes which the theory is meant to express and
describe, and in which no formal tools are able to single out this ‘intended’ model among the
other infinite models of the theory. For more details regarding the efforts and the difficulties
which emerge in the realisation of this programme, see Przelecki (1969); for a more general
survey see Agazzi (1981). For a discussion of the inadequacy of the model-theoretic approach in
order to single out the ‘intended model’ see Agazzi (1976), reproduced also as Appendix in the
present work, whose arguments are similar to those presented later by Putnam in Chap. 2 and the
Appendix of Putnam (1981).
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in which the same sense can be legitimately predicated of different referents in true
statements where only the denotation of the referent changes. This distinction has
been clearly elaborated by the Scholastic logic in the distinction between intentio
and suppositio and has been recovered in the Fregean distinction between Sinn and
Bedeutung, of which we are going to speak below. As a consequence, it is very far
from obvious that, when we give an ‘interpretation’ of a formal system by asso-
ciating its expressions with certain referents, we provide these expressions with a
‘full’ meaning (i.e., including a sense). Of course, we can provide them also with a
sense, but this requires associating them with other such senses, and not with
referents, as we shall soon see.

This resistance to conflating meanings with referents has a long tradition in the
history of philosophy. It is implicit, for example, in all criticisms of the so-called
ontological argument for the existence of God; and it is at the root of Kant’s claim
that some “synthetic” (i.e., empirical) condition must be present in order for a
statement to be credited with providing knowledge, since this is tantamount to
saying that even a perfectly ‘meaningful’ thought or sentence is not a warranty for
the existence of the corresponding referent. But it is also to be found at the origin
of the contemporary treatment of semantics, a treatment which does not, however,
begin with the explicit introduction, or codification, of the ferm “semantics” in the
technical vocabulary of contemporary philosophy that is usually traced back to
Charles Morris’ subdivision of semiotics (the general theory of signs) into syntax,
semantics and pragmatics, where “semantics” had an explicit referential conno-
tation.” Indeed, if we consider semantics to be the study of meaning in general, we
certainly cannot maintain that it was only in the 1930s that this problem was
approached in a ‘modern’ way. Indeed, according to a widely accepted historical

3 Actually Morris does not define semantics as the study of the meaning of signs, but says that
“semantics deals with the relation of signs to their designata and so to the objects which they may
or do denote” (Morris 1938, p. 35 of the 1971 reprint). Therefore, semantics is introduced with a
tacit referential connotation. But this is not surprising, if we consider the general behaviouristic
background of Morris’s thought, in which meaning could not really play any role. It is worth
noting, however, that Morris was considering meaningful languages, that is, languages for which
the problem is not that of attributing a meaning (be it understood in a referential sense or
otherwise), but that of explaining in what meaning consists. On the other hand, the use of the term
“semantics” in the field of logic, methodology and philosophy of science, introduced by Tarski in
the 1930s, was then, in a certain sense, codified in Carnap’s Introduction to Semantics (1942).
Carnap makes direct reference to Morris’s work in the first pages of his book, where he
introduces his discourse on semantics. But he is also particularly sensitive to the different trend in
the philosophy of mathematics and formal logic characterised by the formalistic outlook,
according to which formal systems are meaningless constructions to which a meaning may be
artificially assigned through interpretations, as we have indicated in the preceding note. To a
certain extent this was also Tarski’s attitude when he first introduced semantic considerations into
the methodology of the exact sciences—though, on his view, this expressed the need to overcome
the purely syntactic approach that still characterised Carnap’s work at that time. In particular, a
merit of the Polish School is that of having established and vindicated semantics as a particular
part of the methodology of science and as a specific discipline of logic (see Tarski 1933 and 1936,
and Kokoszynska 1936).
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reconstruction, the ‘modern’ consideration of the problem of meaning begins with
Frege who, for every linguistic expression or sign (Zeichen), proposes to distin-
guish a sense (Sinn) and a reference (Bedeutung).4 Sense and reference are both
included in Frege’s semantics. Moreover, if one considers that his chief

4 Actually the German word Bedeutung is normally translated as “meaning,” (in the sense of
‘significance’) which would make it synonymous with Sinn, or “sense,” like the corresponding
English terms. However, Frege, in his famous paper Uber Sinn und Bedeutung (1892), wanted to
avoid all ‘identities’ being tautologies on his view, and used these terms to make a distinction
which he though would allow him to do this. As a consequence, it has become customary in
recent literature to reflect this technical distinction by translating the Fregean “Bedeutung” as
“reference” (even in German it is now replaced by the term “Referenz”), leaving “meaning” to
be synonymous with “sense,” as it is in everyday language. We can note, however, Feigl’s
translation of that paper, where he, following Carnap, uses the term “denotatum,” and we may
also remember that early authors used to translate Frege’s terminology as the difference between
“meaning” and “denotation” (see, e.g., Russell in ‘On Denoting’).The issue is not trivial because
“reference” can be considered a poor translation of Bedeutung if one means by reference the ‘act
of referring,” since Frege’s Bedeutung means the object, not the act, of referring. A few authors
advocate this view, as a consequence of their having taken into special consideration the concrete
activity of speaking. By “term,” therefore, they mean something written or spoken which can be
used (by speakers) in referring (listeners) to referents or in expressing senses. Referents (more
generally, objects) are what listeners are referred to, using terms, by speakers. Therefore
“reference” is one linguistic expression of the more general category of infention; it consists in
the directing of a listener’s attention (referring the listener) to a referent by a speaker. In
conclusion, reference is an act (involved in e.g., stating, judging and describing), while a referent
is an object. This view, proposed by Strawson and shared, e.g., by Austin and Searle, is certainly
of interest as far as it concerns the use of statements, but its limits consist precisely in making of
reference just a property of such a use, strictly depending, in particular, on the concrete
circumstances of this use. It seems to us, however, that if one wants to draw attention on this
concrete use, one might better speak of referring (that has all the normal features of an act),
leaving reference to indicate in general the domain of objects denoted by a term, a domain to
which one or more referents can belong. (By the way, the title of the paper where Strawson
proposed his thesis (Strawson 1950) has the title “On referring” and not “On reference.”) Owing
to this situation, one must admit that “there is ambiguity about the term ‘reference,” an ambiguity
which threatens the validity of many observations usually made on the nature and conditions of
reference. But we need not worry too much about it if our question is what it is, viz. whether
definite descriptions would ever allow singular reference. If the question is understood as a
question regarding the reference of the definite description, it is a purely semantical question,...
If, on the other hand, the question is understood as a question regarding the speaker’s reference, it
is also a question about the speaker’s ability to refer.” (Sen 1991, pp. 25-26). After having
recognised this ambiguity, however, we prefer to eliminate it in our work by deciding to intend
reference according to its semantical sense. This choice is recommendable for the same reasons
that induce us to speak of the sense or the meaning of a term without caring about the particular
speaker or listener that is exchanging these private mental contents. Therefore we shall conform
to the more widespread practice in this work for the sake of simplicity, and use “reference”
almost as a synonymous of “referents” or, more precisely, as indicating the domain to which the
referents of a term (if any) belong.

Coming now to the second expression of Frege’s paper (Sinn), our preference would be to use
“meaning” in the most general sense, so that one could include in the meaning of a linguistic
expression (as different ‘aspects’ of the meaning) both the sense and the reference. We shall
refrain from adopting this more complicated convention here, and shall only make an occasional
mention of it when we speak of intension and extension.
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philosophical intention was that of studying thought in the sense of ‘thought-
contents’ (Gedanken), and that he was firmly convinced that such a study was
possible not at a psychological level but through the study of language, we can
conclude that the major weight of his semantics was on such (objectively
conceived) thought-contents, that is, on sense.’ This is so much the case that he
maintained that referents may be obtained only through sense, and for that reason
also attributed a sense to proper names, which are the typical linguistic signs
having individuals as referents. But this three-level semantics (where the three
levels are those of sign, sense and reference) lost its intermediate level already
with Russell, and the meaning of linguistic signs was reduced to their referents or
denotata, in spite of Russell’s remaining Fregean in certain respects. This tendency
was reinforced in the extensionalist semantics for formal languages introduced by
Tarski, and developed in model theory in mathematical logic. As will be clear in
the sequel, we too are going to defend the thesis of a ‘three-level semantics’
essentially in the same spirit, and for this reason we shall propose to consider
meaning as a composite entity consisting of sense and reference; therefore, we
shall accept the common consideration of semantics (in a general sense) as the
theory of meaning of linguistic expressions, but pointing out, at the same time, that
the problem of reference oversteps the scope of linguistic analysis, and calls into
play an extralinguistic practical dimension (that of operations).

However, this is not the entire story. If we consider the tradition attached to
Brentano, Husserl and Meinong (a tradition that was contemporary with Frege, and
which explicitly influenced and was influenced by his doctrine), we see that
interest is focused on the cognitive acts in their intentional aspect (intention and
intension are not the same thing; however they are significantly related, as we shall
see). This also leads (e.g., in the case of Husserl) to a three-level semantics in
which the content of the cognitive acts is a world of meanings very similar to the
Fregean sense (the world of noemata, or of intentional objects qua intentional),
while the referents (which Husserl calls objects) remain outside the interest of
phenomenological research (in fact Husserl never provided a theory covering
referents).’

5 Already before his 1892 article, ‘On Sense and Reference,” Frege had very clearly expressed
his views on the objective nature of concepts and on the primacy of understanding concepts over
the task of indicating referents. See for example this passage: “The concept is something
objective that we do not construct and which does not construct itself in us, but rather that we try
to comprehend and, hopefully, to really comprehend, if we do not erroneously seek something
which is not there” (Frege 1891, p. 158).

S Valuable accounts of the historical and conceptual links between semantic conceptions which
originated and were developed in the field of phenomenology on the one hand, and in the logico-
analytic tradition on the other, are presented in two articles by Guido Kiing (1972, 1973). In these
papers one may also find a useful explanation of certain systematic and terminological
distinctions which we have hinted at only briefly in some passages of this work. It is perhaps not
superfluous to note that the term noema, that we relate especially to Husserl because of his
important analysis of the nature and relevance of this notion, is already present, with nearly the
same meaning, in Aristotle.
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Looking at our own time, there is, on the one hand, a rich body of research
based on the semantics of sense and intensions (intensional semantics, the
semantics of non-existent objects, and so on),7 as well as a no less influential trend
involving the development of a referentially based semantics (that of the so-called
anti-Fregeans), which attempts even to dispense with the world of sense. This
latter trend takes the only interesting problem to be that of clarifying how, without
relying upon mental representations, linguistic expressions can have referents
thanks to a system of socially determined contexts of communication.® Still more
recently, however, in parallel with the so-called “cognitivistic turn” prompted by
functionalism, Chomskian innatism, and Fodor’s theory of mental representations,
the internal (although not necessarily psychologistic) aspects of meanings have
been emphasised again; and since these internal aspects need not be incompatible
with the external aspects studied by Donnellan, Kripke, Putnam, Dretske, etc.,
some have proposed dual-aspect theories of meaning.” From the short account just
given it appears that the contemporary concept of semantics is truly ambivalent,
and actually covers two different approaches or intellectual interests, the one
having to do with the study of sense, the other with the problem of reference.

At this point one feels entitled to propose an even more radical historical
reference, and go back to the Aristotelian distinction (which was also preserved in
the Western philosophical tradition) between semantic discourse and apophantic
discourse, the first being related only to meaning, i.e., the understanding of lin-
guistic expressions, and the second having to do with the reference of these
expressions, which is implicit in the fact that a certain kind of expression (namely,
statements) may be affirmed or denied, giving rise to the problem of their truth or
falsity.'® In this way we can say that the primary semantic problem is that of
meaning understood as sense, while the problem of reference is rather secondary
and indirect because (as we have already explained and shall develop more
extensively in the sequel) ‘capturing the referent’ is an operational or pragmatic
enterprise, which is certainly related to sense, but also largely independent of the
full statement of sense. On this point we agree with much of what the anti-
Fregeans say about reference, without sharing, on the other hand, their opposition
to the Fregean sense, which has a substantial role to play outside the particular

7 A documentation and discussion of this trend may be found in Zalta (1988).

8 A recent presentation of this latter trend is provided in Wettstein (1991). This work not only
offers a reconstruction of the central views and aims of the Fregean and Russellian approach, but
also presents an illuminating interpretation of the philosophical insights which are only partially
made explicit in the referentialist approach of people such as Kripke, Donnellan, Kaplan, Perry
and Putnam who, developing Mill’s conception that proper names have only reference without
any meaning (contrary to Frege’s claim) have elaborated a ‘new semantics’ in which mental
contents, intensions, and thoughts tend to be dispensed with (we are not interested here in
analysing the possible exceptions to this rule).

° For some information regarding these more recent trends let us simply refer to a few works
such as McGinn (1982), Davidson (1986), Block (1986), Lepore and Loewer (1987).

1 We shall consider this Aristotelian doctrine again in Sect. 4.4, where we shall also give a few
textual references.
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problem of determining referents.'’ Let us note that the ‘primacy’ we are attrib-
uting here to sense over reference in semantics depends on the fact that semantics
is an investigation regarding language and, for this reason, must follow the inverse
path with respect to the process that has led to the formation of language. Indeed,
from a genetic point of view, it is obvious that sense and reference have a common
root in our primordial acquaintance with the ‘external world.”'*

4.1.2 Intension and Extension

A distinction which does not coincide with that between sense and reference, but
has clear affinities with it, is that between intension and extension. This distinction
was introduced in modern philosophical literature by Carnap (see Carnap 1947),
and was in many respects a revival of the traditional distinction between the
comprehension and the extension of a concept. Intension is the sense, the content
of thought, the set of properties expressed through a concept, while extension is the
class of individuals to which the concept applies.'”

' Wettstein, for example, maintains that the central role attributed by Frege to sense is a
consequence of the fact that Frege and Russell (and in his view even several ‘conservative’ anti-
Fregeans who are unable to renounce a ‘cognitive fix’) are still prisoners of that ‘representation-
alism’ which he (correctly) traces back essentially to Descartes. However, it is certainly mistaken to
attribute such a conception to Frege. Indeed, not only is there no plausible evidence for this in his
major works, but in other writings he strongly criticises the thesis that representations are the objects
of our knowledge (see, for example, “representations cannot be seen or touched, neither smelled, nor
tasted, nor heard. I take a walk with a friend. I see a green meadow; I have in such a way the visual
impression of the green. I have it, but I do not see it.” Frege 1918, p. 67; my italics).

But it is after all not that important to decide this question regarding Frege, since the admission—
and indeed the elaborate and rigorous introduction—of the ontological world of meanings was
performed by a scholar, namely Husserl, who certainly counts among the most decided opponents of
representationalism and epistemological dualism in contemporary philosophy. Precisely because he
realises that that which we intend in a perceptual act is the referent, but that in a certain different
sense we also intend the meaning of such a referent, Husserl introduces the notion of the intentional
object which, starting with his Ideen of 1913, becomes the noema. This remains very distinct from
the referent, since the referent belongs, so to speak, to the external world, while the noema belongs to
the world of meaning. A clear presentation of these passages is offered in the already cited article,
Kiing (1973).

12" As a conclusion of our discourse we can say: if one considers ‘meaning’ as a general notion,
including as its ‘aspects’ both sense and reference, one can consistently maintain that semantics
studies meaning, and that in so doing it has a legitimate (and necessary) part that is concerned
with sense, as well as a legitimate (and necessary) part concerned with reference. Let us also
recall that in presenting certain of our views on ‘intensional semantics’ we have explicitly
stressed that the ‘relation to the referents’ is part of the intensional meaning of concepts (we have
qualified it the ‘referential part,” as distinct from the ‘contextual part,” of this meaning).

13" This is not only conceptually, but also historically true. In fact William Hamilton, starting his
lectures on logic in 1837-1838, introduced intension in his discussion of the “quantity of
concepts,” explicitly equating it with the notion of comprehension, which was common in the
tradition. Let us consider a few remarks from his Lectures on Logic, published after his death:
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Carnap himself mentions Frege’s distinction between sense and reference in
this context, and seems to accept the whole of the Fregean approach. In particular,
he strongly affirms that the investigation of intensions is no less important, and
need be no less rigorous, than the study of extensions. However, in his consid-
eration of intensions he was concerned with them as indispensable for treating
logical difficulties that affect the truth-conditions of sentences belonging to modal
or epistemic contexts, and his ideas developed in this direction in the context of
systems of what are called intensional semantics and intensional logics.

Neither Carnap nor his followers regarded the consideration of intensions as
necessary, or even useful, in the semantics of usual declarative contexts (such as

(Footnote 13 continued)
This quantity is of two kinds; as it is either ... Intensive or Extensive .... The former (the
Intensive Quantity) is called ... by the Latin logical writers the comprehension (com-
prehensio, quantitas comprehensionis, complexus, or quantitas complexus). The latter (the
Extensive Quantity) is called ... by the logical writers of the Western or Latin world, the
extension or circuit (extensio, quantitas extensionis, ambitus, quantitas ambitus) and
likewise the domain or sphere of a notion (regio, sphaera) .... The Internal Quantity of a
notion—its Intension or Comprehension, is made up of those different attributes of which
the concept is the conceived sum, that is, the various characters connected by the concept
itself into a single whole in thought. The External Quantity of a notion or its Extension is,
on the other hand, made up of the number of objects which are thought mediately through
a concept. (See Hamilton 1860. The quotation is made from the 2nd revised edition, 1866,
vol. 3, pp. 141-142.)

The Scholastic tradition had actually known the use both of “intentio” and “intensio.”
The second term had been used by certain authors in order to eliminate the ambiguity of the
meaning of “intentio” which, after having for centuries meant ‘purpose’ or ‘goal,” had
started to be used to indicate the representational content of a concept in general. For this
second meaning, they proposed to use “intensio.” Therefore Hamilton’s terminology was in
fact resuming a certain tradition, and his influence was such that it practically replaced the
use of “comprehension” in the English-speaking logical community. This explains why
Carnap, when promoting the circulation of this notion in the literature of contemporary logic,
did not even mention “comprehension,” and made use of the term “intension,” which was
then adopted, as is clear from what he says:

Now we shall introduce the terms “extension” and “intension” with respect to predica-
tors.... The use of “intension” varies still more than that of “extension.” It seems in
agreement with at least one of the existing usages to speak of the same intension in the
case of L-equivalence. Thus we lay down the following conventions.... The extension of a
predicator (of degree one) is the corresponding class.... The intension of a predicator (of
degree one) is the corresponding property [pp. 18—19].... The extension of a sentence is its
truth value.... The intension of a sentence is the proposition expressed by it. (Carnap 1947,
from the 2nd enlarged edition of 1956, pp. 26-27).

In fact, it suffices to recall, for example, that Tarski speaks of the ‘extension’ and
‘intension’ of the concept of truth in his 1944 paper (Tarski 1944, p. 342), without feeling the
need to explain the sense of these words, which means that they were in common use.
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those of scientific theories), where the extensional methods continued to be
dominant. The reason for this reluctance appears to be the same as that which had
led to the reduction of meaning to reference, that is, diffidence towards admitting
the legitimacy of something (i.e., meaning) not strictly identifiable with a sub-
jective mental state, which at the same time was to be the manifestation of an
abstract, speculative, and perhaps ‘metaphysical’ form of existence.'* Extensions,
in other words, can be empirically given in the same way as referents, which are
individual objects that constitute extensions by being grouped in sets or set-
theoretically manageable structures. Intensions, on the other hand, have a much
more elusive status. This philosophical reason is more fundamental than the (non-
negligible) factual reason that, while set theory had provided a powerful technical
tool for expressing extensional semantics, it was unable to provide an exact
treatment of properties and relations.

We may note that an advantage with using the terminology of extension and
intension is that both may be considered as constituting two aspects of meaning. In
this case, of course, “meaning” would be taken very generally, and would no
longer be synonymous with “sense” (the term “sense” actually not being used in
this context), as we have hinted in footnote 13.

From what we have said it appears that, in order for the distinction of intension
and extension to be really significant, one must attribute to intension a kind of
existence different from that of a pure and simple mental state. This was of course
admitted by those scholars whom we have already mentioned, such as Frege (who
considered Sinn to be the objective content of thought, which remains the same
independently of the different psychological acts of thinking with which people
apprehend it), and Husserl (for whom every mental state has a ‘content’—the
noema—that is different from the ‘object’ to which the state is directed, and which
might not even exist). In particular, the admission of such entities is advocated in
order to understand the common experience of such normal mental states as
thinking, believing, hoping, desiring and seeking, which are ‘directed’ towards
objects or states of affairs that very often do not exist. There must be ‘something’
towards which these mental states are directed, and this something, in spite of not
belonging to the world of concrete things, is not obtained through self-reflection.
Therefore it is not part of the mind but, in a way, part of the world. When we think
of Pegasus—Brentano would say—we do not think of our idea of Pegasus, exactly
as we do not think of our idea of the moon when we think of the moon—as Frege
would say.

In order to fix its position, we can call this entity an abstract object. This
terminology indicates, on the one hand, that it is not part of the mind (it is an
‘object’ towards which the ‘subjective’ mental act is directed) and, on the other,
that it is not part of the ‘concrete’ world. Let us note, however, that we do not

"* In this respect, one can note that, while Carnap relates extensions directly to linguistic
expressions, and not to the properties or relations they express, Frege, on the contrary, associated
the extension with concepts.
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consider “abstract” as synonymous with “immaterial.” For example, institutions,
laws and several cultural entities are not material, but are ‘concrete’ and—as we
shall better see later—they can be referents of ‘abstract’ entities such as concepts.
The same holds for literary or mythological individuals that have a ‘concrete’
though non-material existence in novels or legends, and are ‘intended’ by the
respective conceptual representations. All this will become clear later when we
explicitly enter into an ontological discourse. It seems that equating this abstract
object with the infension of a term would be a reasonable solution. The so-called
‘non-existent objects’ are therefore pure intensions to which no concrete referent
corresponds, while, of course, concretely existing objects are referents and are also
thought of through an intension.

The justification of this proposal comes from the consideration of the most
accepted examples of intensions. They are typically concepts of properties and
relations, so that in a semantics that truly wants to take intensions seriously, we must
say that basic predicative expressions refer to the contents of their intensions (i.e.,
properties and relations). But now we can easily see that a compound (or complex)
predicative expression formulates a certain connection of properties and relations so
that it is simply a matter of consistency to say that the abstract object which cor-
responds to this combination is the intension of the predicative expression. The
process through which the concepts of properties and relations are combined so as to
lead to an abstract object is a construction concerning which we have indicated
several details in earlier sections, and which—being an intellectual activity—for this
reason results in a noema. To use a terminology we have already adopted, we say that
this noema encodes the properties which enter into its construction.'”

We must recognise that what has been said thus far, while explaining how it is
possible to have a world of meanings objectively structured independently of the
concrete world, is not sufficient to let us reach this concrete world. Here the
reference vindicates its role, which may be expressed in several ways. Thinking of
something does not imply the existence of this something; not all conceivable
properties of an object need to be satisfied by the object; an abstract object
‘encodes’ a complex of properties that may fail to be instantiated in any concrete
(material or non-material) object; and so on. In such a way we recover the standard
terminology (i.e., we have room for reference no less than for sense or intension,
and conceive of reference in the most usual way). However, it is clear at the same
time that the referent is not an object which is determined through predication.
Predication will serve to identify which properties the referent should exemplity,
but whether it instantiates them or not (and even more radically, whether there is
an object instantiating them) is not a question that can in practice be answered by a
purely conceptual assessment. As we have already stressed several times, the
contact with the referent has to do with an operational intervention, and this is the

15 For example, the complex predicative expressions, “the red coloured sky at sunset” and “the
golden mountain” are both abstract objects or noemata, resulting from the composition of
concepts that, individually taken, have their reference, but while the first complex noema has
obviously a referent, the second does not.
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novelty which enables us to say that the object so identified is concrete. We shall
not insist on this point now since we shall return to it in the Sect. 4.1.3.

We have found here again reasons for advocating our three-level semantics
(language-sense-reference). While scholars who maintained the reducibility of
meaning to reference (i.e., the advocates of an ‘extensional semantics’) eliminated
the ‘intermediate’ level of sense and intension, those who eliminated the auton-
omous level of reference (i.e., the advocates of the ‘contextual’ nature of meaning)
lost the means for linking language and thought to the concrete world. Moreover
(as we shall see in Sects. 4.4 and 4.5) there is no possibility of speaking properly
of truth if reference is not taken into account. All this is valid in general, but it is
also directly relevant to our investigation regarding science. Models, hypotheses,
theories are all, at least in many respects, the contents of thinking acts, and
therefore are given in ‘intentional states.” As such, they are abstract objects,
encoding certain properties, and are subject to the ‘intensional logic’ of admitting,
believing, proposing, and so on. However, they are not simply investigated as
abstract or intentional objects, but are intended to relate to the concrete world, and
are actually evaluated according to their ability to cope with this intention. This
implies the transition to referential procedures, and to the operational semantics of
concrete exemplification.'®

16 Radical empiricists are not ready to admit the ‘intermediate level’ of sense and intensional
objects, but this can bring them into difficulties when they elaborate their most sophisticated
doctrines. A case in point is van Fraassen’s empirical structuralism whose clear understanding
should obviously rely upon a satisfactory definition of the notion of structure itself. However no
such definition is provided by the author, who simply uses the undefined word “structure,” and
expressions such as “abstract structure” and “mathematical structure.” Let us consider, however,
a significant passage (van Fraassen 2008, p. 238):

Essential to an empiricist structuralism is the following core construal of the slogan that
all we know is structure:

I. Science represents the empirical phenomena as embeddable in certain abstract struc-
tures (theoretical models).
II. Those abstract structures are describable only up to structural isomorphism.

This way of speaking would incline one to conceive of these ‘abstract structures’ as
intensional objects, as noemata, to use our preceding terminology, but a strict empiricist—
as the author is—does not want to admit this ontological qualification. Thus one does not
know what ‘kind of reality’ these abstract structures have since, after all, they are different
from nothing and can even be embedded into one another. Moreover, why are they called
“abstract” if there is no mention in that book of “concrete structures”? We are told that
phenomena are “embedded” into abstract structures, but this might have something like an
analogical sense if phenomena also had a structure, but this is explicitly excluded a few
lines below this quotation. On the contrary, we would say that models and mathematical
structures are abstract objects that can be exemplified by phenomena that become their
referents thanks to certain operations.

Van Fraassen, however, neatly rejects such an idea. For instance, discussing the example
of an assertion stating that a table top is square, he says, “That is true, but simply because this
table top is square—c’est tout! It is true because the top’s sides are of equal length and the
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4.1.3 Intensionality and Intentionality

Let us now clarify a terminological issue. In the philosophical literature (but also
in our present work) the terms “intension” and “intention” are used in ways that
sometimes seem to imply a difference in meaning, and sometimes seem to imply
almost a synonymy between them. How can one avoid such ambiguities?

We have already provided, in notes to this and to foregoing sections, certain
historical elements of clarification, recalling in particular that already in classical and
medieval philosophy intentio originally meant proposal or goal (which is also the
meaning that survives in today’s use of the word “intention”). However, later in the
medieval philosophical tradition, infentio received a more general meaning, being
identified with the representational content of mental acts, a content which is no
longer bound only to acts of volition, but which also concerns cognitive or epistemic
acts of different sorts. This second sense was explicitly recovered by Brentano and his
followers, so that in contemporary philosophical language both meanings of
“intention” are present. Therefore, intention (even when it is not understood in the
everyday sense of proposal or goal) is a specific characteristic of psychic states, and
indicates their being intrinsically ‘directed’ towards something. This something need
not exist concretely, and as such has simply an intentional reality."”

On the other hand, intension is understood in logic and the philosophy of lan-
guage as that part or aspect of the meaning of a term which is different from its
extension (and we have mentioned in a note that this term also had a late Latin

(Footnote 16 continued)

angles between them are right angles. It could be paraphrased as ‘the table top instantiates the
Euclidean square form,” but the cash value of the assertion carries no metaphysical commitment:
it is just that the table top is square” (2008, p. 249). One could object that the operations of
measuring the sides and the angles of the table can allow me to say that the table top is square
because they lead to exemplifications of the properties encoded in the concept of square, and not,
for instance, of circle. We think that an empiricist could come to accept this position, provided
that some (for him) palatable explanations were offered regarding how such abstract concepts are
arrived at, but in such a way the discussion would be limited to the domain of epistemology, and
would not concern ontology. What is transparent in van Fraassen’s position, therefore, is an
ontological stand, in which one could recognise the features of nominalism; and if one also notes
his allergy to “metaphysical commitment” (which is declared also in other passages of his work)
one can interpret his position as a development of the neo-positivist tradition. This is by no means
a negative appreciation; on the contrary, the intelligent, original and creative elaborations that this
philosopher has been able to produce during many years attest to the internal wealth of that
tradition, a wealth that can be gladly recognised also by those who criticise the tradition, point out
its limits, and advance different proposals.

17 We note that recognising the ‘intentional’ nature of cognitive acts and their products (i.e.
representations) can be limited to recognising the ‘directionality’ of such acts and products, and
to these products even the qualification of ‘intensional’ can be applied without the further step of
admitting an ‘intensional reality’ as such. This is typical of radical empiricists and is well
demonstrated in van Fraassen (2008) where intention and intension are very parsimoniously
mentioned in this limited sense (pp. 21-22), whereas an ‘ontological status’ for such intensional
entities as representations and models is not provided, and this is a critical point in his doctrine
that we have considered in the preceding note.
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ancestor, “intensio”). Therefore, intention (which is a characteristic of psychic
states), and intension (which is a semantic property of terms or concepts) are dif-
ferent things. However, despite their differences, the intension of a term is clearly
something which can be grasped through the intentional act of thinking (indeed, it is
the content of this act, though understood in an ‘objective’ and not just in a psy-
chologically subjective way). Therefore intentional objects, that is, objects towards
which any intentional act or state is directed, cannot avoid being a combination of
intensions, and in this sense they are also infensional objects, which we must dis-
tinguish from concrete objects. This is why we also say that they are abstract objects.

As a consequence of this link, sentences that describe intentional states (e.g.,
those of believing, wishing, and so on) are intensional. However, this declaration
may be taken in two senses. The more usual sense consists in calling them
intensional simply because they violate certain principles (such as substitutivity or
existential generalisation) of the standard logical calculi based on an extensional
theory of truth. In order to circumvent these difficulties, special formal tools have
been proposed, and the logical calculi using them have been qualified as inten-
sional logics for this external reason. But an intensional logic can also, and more
interestingly, be developed as a ‘logic of intensions,” based on an appropriate
‘intensional semantics.” This is what we have being proposing for many years
regarding the semantics of empirical theories, and this is what has been more
recently performed, on a much more general scale, by Edward Zalta. What is
interesting with regard to this kind of logic is that it permits the formulation of
theories about the objects involved in intentional states.'®

4.1.4 Sentences and Propositions

What has been said thus far shows that an intensional semantics truly deserving of
the name explicitly recognises the ontological legitimacy of intensional objects,
which are at the same time intentional objects, rather than trying to circumvent
them or explain them away, as has been done for decades. Concretely speaking,
this amounts to giving a kind of primacy to attributes (i.e., properties and rela-
tions) rather than to individuals, as we have been maintaining for many years,'? as
well as in this book. And, not surprisingly, this is also what characterises the
approach of several contemporary intensional semanticists.’

18 In the first chapter of Zalta (1988) one finds a discussion of some additional reasons which
support the merging of ‘intentionality’ and ‘intensionality’ in contemporary logical research.

19 See, for example, Agazzi (1969, 1976).

20 The most significant example is Zalta (1988). His book provides for the first time an extensive
and rigorous formal treatment of relations, stating in particular the conditions under which there
are relations, and the conditions for their identity. In this way, the traditional set-theoretic
treatment (for which relations coincide with their exemplification-extension) is no longer the only
rigorous tool available for the study of relations, not to mention the fact that the exclusive use of
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Intensional semantics also shows its features in the way it treats the meaning and
the truth of sentences. Unfortunately, arather large spectrum of proposals exists in the
specialised literature as to the distinctions that must be drawn between the notions
‘sentence,” ‘proposition’ and ‘statement.” Since we shall reconsider this issue in
Sect. 4.4, here we shall simply relate the core of our position. We mean by “sen-
tence” a linguistic expression through which a content of thought is formulated (a
sentence is constructed by predicating certain properties or relations of certain
objects, possibly in combination with the use of logical operators). By “proposition”
we mean the intentional content of the sentence, which as such is an abstract object in
the already explained sense; and we say that a sentence expresses a proposition. A
question we meet now is whether a proposition can also have a referent. Our answer is
yes, and we identify this referent with the state of affairs, or the fact, which is
described in the proposition (as will be clear later, this state of affairs is not necessarily
a fact of the material world, but it depends on the ‘regional ontology’ referred to).

We are aware that in holding this position we do not conform to the ideas of
many scholars—not only of those who simply do not distinguish between sen-
tences and propositions (they are usually the ‘extensionalists’), but also of certain
‘intensionalists,” who accept the Russellian identification of proposition and state
of affairs.”’ We advocate this difference as a result of the consistent application of
our idea of a three-level semantics. Besides language (sentences) and thought
(propositions), we also want to consider the world (states of affairs). Let us also
note that if we did not introduce this distinct level we would fail to distinguish
between encoding and exemplifying in the case of sentences. In fact we can say
that a proposition is an abstract object ‘encoding’ what a sentence says, but this
does not imply that there is a state of affairs which ‘exemplifies’ the fact expressed
through the proposition. It is obvious that for a semantics of scientific theories it is
important to distinguish between simple propositions (i.e., abstract intellectual
constructions) and concrete states of affairs to which they may or may not refer.

The notion of statement is (for us) simply that of a proposition which is
asserted. We could also say that a statement is a declarative sentence. The addition
is not futile, since one and the same proposition may occur within the context of
different ‘attitudes’; it may be the object of questions, beliefs, thoughts, hopes, and
so on. If it is the object of an assertion, then it becomes something which may be
true or false. This is why statements (and only statements) must be considered
when the problem of truth is analysed. However, since in scientific theories (at
least ideally) only declarative sentences are used, it is legitimate, in this context, to
speak of truth and falsity as properties of propositions. We shall be devoting
special attention to this topic later.

(Footnote 20 continued)

this tool had reinforced the wrong idea that relations are ‘strongly extensional,” while it is
intuitively clear (and Zalta’s theory accounts for this) that even logically equivalent properties or
relations are not identical from an intensional point of view, that is, from the point of view of
their sense.

21 Also Zalta, for example, makes this identification.
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4.1.5 A Few Summarising Schemes

It should be clear from our presentation that while on the one hand we maintain a
well-defined position in semantic matters, on the other we recognise certain good
reasons for holding contrary views. The consequence of this is that we may sen-
sibly introduce a few general schemes that include almost all the notions we have
discussed in this section, and at the same time show where each of them is
particularly significant, and where each is used only in a limiting sense. Moreover,
these schemes will give us the opportunity of distinguishing certain levels of
analysis which may have appeared to overlap in some of the foregoing discussions.

We shall begin with a strictly semantic analysis. Following the approach
inaugurated by Frege (and never really rejected after him), we distinguish three
types of linguistic expressions, namely, proper names, predicates and sentences.
For each of them we shall define “sense” and “reference”:

Sign Sense Reference

Proper name Individual concept Individual entity i

Predicate General concept Attribute (property or relation)
Sentence Proposition State of affairs

Besides the distinction between sense and reference, another may be introduced
which expresses an epistemological analysis,” that is, the cognitive position of the
notions listed above, as well as of others:

Through the senses  Through thinking

Subjective Perceptions Mental representations
knowledge

Intersubjective Material things Senses (concepts, propositions), truth-values, numbers,
knowledge abstract objects

Finally, we consider an ontological analysis:

Mental reality Representations, intentional states
External-world Material things, signs, states of affairs, attributes
reality

Objective intentional The ‘contents’ of intentional states: senses, truth-values, abstract
reality objects, noemata, numbers, etc.

22 Let us note that we are here going to use the concept ‘knowledge’ in its broadest sense, i.e.,
including both ‘knowledge by acquaintance’ and ‘propositional knowledge,” therefore admitting
the existence also of a subjective knowledge, as well as the fact that knowledge does not
necessarily entail the subsumption of the particular under a universal. This ‘tolerant’ attitude is
adopted because we do not need, here, to enter into more detailed issues that might impose a more
refined analysis.
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This schematisation accepts several of Frege’s basic positions: the difference
between the subjective status of ‘representations’ and the objective status of
thoughts, as well as the fact that this objective status is different from that of material
objects since it is not apprehended through sensory perception. This led Frege to
introduce in his last writings the ‘third realm’ of immaterial objects (as we have done
here). However, let us also note that the three schemes are not in a one-to-one
correspondence. For example, it is true that ‘senses’ are the most interesting
inhabitants of this third world, but they are not the only ones, as we have indicated.
Also, referents need not belong to the external world. Many of them do, but others
belong to the world of abstract objects, while signs are parts of the external world.?

We can also accommodate in our schemes intensions and extensions by
revising in a more Carnapian spirit the above scheme for semantic analysis:

Sign Intension Extension

Proper name Individual concept Singleton {i}

Predicate General concept, noema Set of individuals (n-tuples of
individuals) exemplifying the concept

Sentence Proposition Truth-value

Let us now note where these schemes function naturally, and where they are
more or less forced. In the case of proper names it is rather clear that to attribute
them a sense is rather problematic if we want to distinguish this sense from the
accidental mental picture which any subject associates with the name. In other
words, it seems rather problematic to say which ‘objective’ meaning should
characterise the senses of “Napoleon,” “Rome,” and so on. In this case we could
either say that such a sense is constituted by an infinite collection of properties, so
that only the individual in question possesses all of them simultaneously, or that no
real sense is bound to a proper name. Both theses have had their advocates, and
this shows that attributing a sense to a proper name is just using in a limiting case
something which is justified only by the fact that we ‘understand’ the name. The
real semantic feature eminently related with a proper name is reference. Even
extension is used rather vacuously in the case of proper names, since the difference
between i and {i} is introduced in a formalistic vein. All of this explains why those
semanticists whose theories have been developed essentially as solutions to the
problem of the reference of proper names have been led to disregard sense.

2 An analysis of the Fregean ‘“tripartition’ is presented in Thiel (1965), where the author sees a
one-to-one correspondence between the distinction ‘sign, sense, reference,” and the distinction
‘subjective-real, objective-non-real, objective-real,” and charges Frege with having introduced a
“completely unacceptable contamination” by his “allowance of a participation of ontology in the
doctrine of sense and reference” (pp. 151-152 of the English edition). A persuasive argument that
Frege did not perform such a contamination, accompanied by a vindication of the legitimacy of
considering the ontological counterparts of a semantic analysis, is contained in a critical appraisal
of Thiel’s thesis in Carl (1982), pp. 61-65.
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Therefore, they have offered a less satisfactory treatment of the semantics of other
linguistic expressions (practically, the only additional questions they are able to
treat satisfactorily are those concerning indexical expressions. i.e., linguistic
entities intended to speak just of individuals). Let us note that, on the contrary, in
the case of definite descriptions the presence of a sense is unproblematic, but this is
so because a definite description is, after all, a predicative expression.

As to predicates, what we have presented in the first scheme only partially reflects
the way of speaking that we used in the foregoing chapter, where we maintained that
a predicate “denotes” an attribute, and that its “referents” are the objects which
exemplify it. What we are proposing in the first scheme tries to be faithful to this
idea, without its being able, however, to use the difference between denotation and
reference, owing to the simple fact that denotation does not appear in our schemes.
Therefore we are now going to spell out a difference between denotation and ref-
erence that we are considering only here in our restricted context (recognising that
the two notions are usually considered as synonymous). Saying that predicates
‘refer’ to attributes would have the advantage of recognising the ‘concreteness’ of
many properties, without necessarily becoming involved in too narrow a position
concerning the ontological status of properties and relations. After all, properties and
relations may also be exemplified; this certainly cannot occur without an individual
in which they are exemplified, but this still remains a matter of the attribute or
property being exemplified.”* For example, the general concept of red is exemplified
by this actual red, which is the colour of the pen lying on my table, and which is not
only distinct from the red of the cherry I have just seen on the tree, but also some-
thing different not only from rhis other attribute of the pen consisting in the relation
of lying now on my desk, but also from many other attributes, some of which might

>* This does not overlook what Frege stressed concerning the ‘unsaturated’ character of
concepts, as contrasted with the saturated character of objects, but at the same time accounts for
an ontological feature which was somewhat obscured by Frege’s purely linguistic analysis, that
is, that properties often have a rather unproblematic intrinsic determinability. (Frege recognised,
on the other hand, that concepts may also become objects saturating a second-order concept.) As
to the ontological analysis, we think that the traditional distinction of esse per se and esse in alio
still provides a sensible tool for the ontological analysis of properties, which does not endow only
individuals with ontological relevance. Let us point out, by the way, that our semantic analysis is
partially in keeping with Frege’s theory, at least in the sense that he claims that a predicate, being
an unsaturated expression, cannot have as referent an object, and therefore must denote a concept.
But since a concept is an entity whose kind of existence consists in being true or false of some
object, the result is that for Frege a concept is a property or a function (in our vocabulary, an
attribute). As a result, both Frege’s semantics and ours state that the referent of a predicate is an
attribute. However, our agreement with Frege is only very partial, for concepts are for him the
referents, and not the senses, of predicates (contrary to what we maintain). Frege is obliged to
maintain this position in order to be consistent with his fundamental distinction between concept
and object. However, unfortunately, he never formulated a clear view on the ontological status of
concepts, remaining content with the fact that their existence is justified by the possibility of
quantifying over them (which is a purely linguistic justification). On the contrary, we do have
such a concern for ontology, and give to concepts the ontological status of intensional objects (on
the level of sense); and at the same time we say that they refer (or may refer) to concretely
existing attributes.
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not even apply to a pen. In a sufficiently large ontology, such as the one we are
advocating, attributes may not only be denoted through noemata or abstract entities,
but also referred to concretely via their exemplifications.

On the other hand, we are aware that speaking of the ‘reference’ of a predicate
is rather problematic, since the fundamental conception of a referent is that it be an
object in the sense of an individual. We find here something like a counterpart of
the difficulty of speaking of the sense of a proper name: the reference of a pred-
icate is spoken of in a ‘limiting sense’ and this is why we prefer to use the
expression “denotation” (which—as we noted—is actually synonymous with
“reference”) when we speak of the relation of a predicate (which is a ‘sign,” a
linguistic entity) with an attribute (which belongs to the ‘world’), leaving the use
of “reference” for indicating the relation of a predicate with the individual objects
satisfying it (which too belong to the ‘world’). This move is justified by the fact
that it is pertinent to speak of extension in the case of predicates, and the extension
is the class constituted by the concrete individuals which have the attributes
denoted by those predicates and which, for this reason, can be said to exemplify
these attributes. Therefore, we should have preferred to call these individuals the
‘referents’ of the predicates in the more extended discourse in which we had
denotation and reference at our disposal (denotation regarding attributes and ref-
erence regarding the individual objects). However we shall not make use of this
conventional difference in the sequel, though recognising that reference and
extension are related notions, but are not identical, so that a Fregean and a Car-
napian semantics are not really equivalent (as we have already noted).*

After the specifications given here, we feel authorised to defend our termi-
nology, which is somewhat personal, but not arbitrary. Having explicitly intro-
duced abstract objects, which are intensional and belong to the sphere of objective
sense or to the noematic world, we say that linguistic expressions designate such
objects. When, in addition, the abstract objects are also exemplified by objects of
the concrete world, or concrete objects, we call these the referents of the corre-
sponding noematic entities (and, by extension, of their linguistic expressions). In
such a way we say that an expression designates its sense and refers to its

%5 This explains why it would be problematic (contrary to one’s first impression) to say that the
reference of a predicate is its extension. In fact, for Frege, while the sense of a predicate is “its
way of being given,” and its reference is the concept (equated with a property or relation), the
extension (which he calls Umfang) has no semantic relation to the predicate. Carnap, on the other
hand, does not use the distinction of sense and reference. The classical tradition was actually
more sophisticated than contemporary approaches: the ‘comprehension’ of a concept (that is, its
‘content,’ its ‘intention,’ to use our vocabulary) was the class of its characteristics, that is, the
class of those upper-concepts which occur in its definition (let us say, e.g., concepts such as
‘animal’ or ‘rational’ in the case of the intension of ‘man’). The ‘extension’ was instead the class
of its lower-concepts (such as, e.g., ‘European,” ‘musician’), among which appear, on the bottom-
level, the individual concepts. Therefore, the classical notions of extension and intension only
denoted relations between concepts and did not involve such an ‘ontological jump’ as is implicit
in considering the extension of a concept as constituted by concrete individuals, instead of
concepts.
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referent(s). From what has been said, denoting is clearly analogous to referring in
the semantics of encoding, while referring is more demanding outside this
semantics, since it requires exemplification as well (and this accounts for the fact
that “denoting” and “referring” are usually considered synonymous—which they
are, if no difference between encoding and exemplifying is introduced).

Finally, coming to sentences, the novelty we have introduced is that of considering
states of affairs as the referents of propositions. This has some similarity to the
doctrine which considers sentences as the ‘names’ of propositions. But under closer
scrutiny this similarity disappears, for our view expresses rather the idea that, in
general, areferent is what exemplifies an abstract object. Having accepted identifying
the extension of a proposition with its truth-value conforms to a tradition which goes
back to Frege and was accepted by Carnap, both of whom tried through argument to
dissolve the paradoxical impression it creates. However, we think that the paradox is
really dissolved only if one is able to secure a proposition’s referent ‘in the world,” as
distinct from something abstract such as a truth-value. Therefore, provided that we
(again) distinguish reference from extension, we can say that the extension of a
proposition is a truth-value because its reference is a state of affairs. Our justification
of this is, in brief, the following: being true or false is a property of a proposition;
therefore, as in the case of any property, being true or false has an intension and an
extension. The intension is that the sentence is exemplified (or not exemplified) by the
state of affairs, and the extension is just the corresponding truth-value. This enables us
to put all true sentences in one class, and all false sentences in another. It is clear that
this is very different from saying, as Frege does, that truth-values are the referents of
propositions (and it is also different from the reasons for which Carnap maintains that
they are their extensions). We gladly admit that a certain degree of conventionality is
present in our proposal (essentially because we have generally defined extensions as
classes of referents). But this peculiar meaning of extension in the case of proposi-
tions is only an example of the ‘limiting case’ use of certain semiotic notions that we
have already noted in other cases, and that corresponds to our aim of keeping distinct,
while still related, the three levels of language, thought and world.

What we should still clarify is the notion of external world, which we have
included in our scheme of an ontological analysis without any previous discussion.
We shall simply say, at this point, that the external world is, on our approach, the
world of referents and, in a more elaborate sense, the world of those entities which
can be reached by using the operational criteria of referentiality of which we have
often spoken in this work (that we have also called criteria of protocollarity/
objectification). As we have already noted, this does not imply that this world
consists entirely of material entities. Since the criteria of referentiality are of very
different kinds, a corresponding variety in the ontology of the furniture of this
external world logically follows. What makes this world different from the world
of intensional abstract objects is that abstract objects simply encode properties,
while objects of the external world exemplify them; and the most efficient criteria
for ascertaining whether or not this exemplification occurs are (especially in the
sciences) the criteria of referentiality. This is why we shall consider reference
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again in Sect. 4.3. But, before doing that, we find it opportune to examine a
concept which has not so far been analysed, the concept of thing.

4.1.6 What are Things?

This question might well be the title of a treatise on general ontology, but we are
certainly not going to tackle it in such a broad sense. We can avoid such a
discussion because, while in ontology one would consider this question as an
absolute one, we are going to consider it only relatively, that is, as relative to the
distinction between objects and ‘things’ which we have already explained at
length. The straightforward consequence of this approach is that the concept of
thing itself will be relativised, since one and the same entity may be a thing in one
context (i.e., from one point of view) and an object in another. What we are saying
is tantamount to claiming that “thing” expresses the notion of a ‘functional’ role
rather than that of an intrinsic feature of certain entities.

In order to make this role explicit we can say that an entity plays the role of a
thing in a scientific discipline when it can be identified and thus be referred to
unproblematically, independently of the theory being considered, and also inde-
pendently of the form the theory eventually takes. It was in this sense that we said
earlier, for instance, that a telescope, a microscope, and an ammeter are to be taken
as ‘things’ in order for us to use them as instruments for constructing, respectively,
modern astronomy, modern biology, and modern electrical science. They play the
role (they have the function) of things simply because they are to be identifiable,
recognisable, and capable of being manipulated without recourse to astronomical,
biological, or electrical notions respectively. This does not imply, of course, that
one can use or even identify these things without any knowledge whatever. In
order to distinguish an ammeter from a clock, which might have a rather similar
external appearance, one must have a sufficient notion of what an ammeter is and
be able to use it and read its results. This means, therefore, that the ammeter (as far
as it is a thing) can be submitted to study and become the object of another theory
(the ‘theory of the instrument’).

But there is more to this concept than what we have expressed thus far. Indeed,
the fact that we can take a telescope or an ammeter and let it play the role of a
thing is a consequence of the fact that these entities are already the result of a
preceding construction, in which they were either the objects of a proper disci-
plinary investigation or its ‘applied offspring.” They are therefore data from one
point of view (from that of the theory which uses them as starting points, that is, as
its own operational tools) and constructs from another point of view (i.e., from that
of the genetic process which led to their actually being produced and becoming so
familiar and trusted as to be taken for granted).”®

26 We are aware of the double sense in which we are using the term data. In the preceding
sections we have qualified as data the results given by the immediate application of operational
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One should also be careful to explicitly recognise the feedback between the
instruments used in a theory and the theory itself, so that the instruments can often
be improved, redesigned or even designed from scratch as a consequence of the
progress reached in the discipline in which they are applied. This is true, but it
does not affect our position in any essential way. For, if the new instruments
(which for the very fact of being ‘new’ have been obtained as ‘objects’ of at least
certain parts of the theory) are such as to provide us with new operational pred-
icates, this simply means that they have practically given rise to a new domain of
objects, with respect to which they play the role of unproblematic things. (This
must not imply that such a new part of a discipline, or even a new discipline
created in this way, should be recognised officially as such—this is why we often
have the impression that the instrument modifies itself within the theory). On the
other hand, if the new instrument happens to provide us with a new method for
testing, within the theory, already existing operational predicates, this will not
harm our perspective, as we have shown elsewhere in a deeper discussion of
operational concepts from a more technical point of view.>’

But we can go a step further and say not only that physical instruments, such as
telescopes and ammeters, can play the role of things with respect to a discipline,
but that abstract entities such as differential equations or potential can as well. The
reason we are entitled to make such a claim is that such abstract entities are well
individuated and can be recognised and manipulated, and their results can be
ascertained no less than in the case of an ammeter or some other physical
instrument.

On the other hand, abstract entities too, while playing the role of identifiable
‘data’ in this specific situation, can be problematised and submitted to inquiry in
another discipline, such as mathematics, where they become the objects of inquiry;
and, in the case of applied mathematics, they may even take the form of ‘con-
structs’ or ‘artefacts,” of technical offspring specifically designed for application to
particular physically relevant states of affairs.

What has been said here about the particular ‘things’ which are used in order to
construct theories and to determine domains of objects may now be repeated in an
even less problematic sense for those ‘things’ which actually become the objects of
different theories. Here again we stress that, in order for an entity to play the role
of a ‘thing,” it must be something identifiable, and be such as can be referred to
when the discourse of that discipline applies. This means that a pipe, a piece of
chalk, a book, the moon, the beard of Mohammed, and so on, can be considered as
things as far as they are identifiable within the community of people who speak
about them, and may serve as referents of the discourse which is developed within

(Footnote 26 continued)

devices; here we include among data also the instruments and all non-problematised things. We
are doing this on purpose, in order to underscore the common character of ‘givenness’ of all these
different entities. This will not be done in the sequel, however, when we return to using “data” in
its more technical sense of operationally established states of affairs.

27 See Agazzi (1969).
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that community. But here too it is not only concrete material entities that are
entitled to play the role of ‘things.” A toothache, a feeling of love, a Beethoven
symphony are also ‘things,” for they are identifiable by a very large community of
people, and can become referents of a variety of discourses, some of which are
also of a scientific nature.

What we have said thus far shows how improper it would be to identify ‘things’
with so-called material bodies (one can do this, of course, as a matter of con-
vention, but one would then be left with a nearly useless and inapplicable concept),
but also because it shows us how the domain of ‘things’ is in itself changeable and
subject to historical evolution. This is not only trivially true since, for example.
that thing which is Leonardo’s Gioconda did not exist before being painted by
him, or those things which are cars did not exist two centuries ago, when people
were not yet able to construct them. This is also true for a great many intellectual
constructions that concern empirical reality. This point is not immediately clear,
and deserves closer scrutiny. If one is not a confirmed Platonist in the philosophy
of mathematics, one would not find it difficult to accept that, for instance, dif-
ferential equations did not exist before a certain historical time, when Newton,
Leibniz and other mathematicians created them. From that time on, they began to
be ‘things’ in the (intellectual) furniture of the world. But leave mathematics aside
and ask, for example, what we can say about electric current or electric fields or
atoms. Today, no one belonging at least to the Western world would find it difficult
to say that an electric current is an existing ‘thing,” no less than are his shoes or his
car. Yet electricity was not a ‘thing’ 300 years ago, when even scientists had not
yet found an acceptable theoretical image of it.

As for the other two notions, ‘electric field” and ‘atom,’ it is clear that only
scientists take electric fields for granted and are so familiar with them that they
consider them as ‘things,” while for most people electric fields still appear to be
problematic intellectual fictions. On the other hand, the scientifically much more
complex notion of an atom is currently, for purely cultural reasons, much more
familiar, and atoms are easily considered as ‘things’ also by non-specialists.

Two lessons must be drawn from the above considerations. The first is that
whatever is afforded the status of ‘thing’ or object is historically determined in the
sense that it depends on the cultural and historical situation in which the notions
appear to be sufficiently well identified as to admit of a referential discourse
pertaining to them. The second is that we are free of any ontological presuppo-
sition at this stage. Indeed, if someone should say: of course, the electric current
was discovered by science not so very long ago, but it has always existed in nature,
we should reply that, from the point of view of the distinction between ‘thing’ and
object that we are discussing, this current could not ‘play the role of a thing’ before
the historical time at which it was clearly exhibited and knowledge regarding it
became sound.

This in particular shows that today’s scientific objects may easily become the
‘things’ of everyday life tomorrow. This is also a reason why it would be useless to
try to find the difference between objects and things on the basis of a discrimi-
nation between the abstract and the concrete. This distinction does not work
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because what was abstract yesterday may be concrete tomorrow. (Think for
example of the many particles in physics which were hypothetical constructions
for a long while before being ‘observed,” after which time they began to be
regarded in the scientific community—and gradually also in the more general
human community—as being things.) This observation is important for another
reason as well: it confirms that the character of being a thing is not really
dependent on any material, sensory or concrete feature one might attribute to an
entity, but only on the entity’s being believed to have an autonomous existence,
i.e., to exist independently of any particular theory. For example, almost all the
elementary particles of physics, when they are conceived of as existing as things
and are taken as such in many contexts, are not actually endowed with more or
other attributes than those they are taken to have in the physical sciences, so that
the same predicates which we use to describe them as objects are those which we
use to describe them as things. Only their role has changed.

The present discourse should show that science not only studies already
admitted ‘things’ under many viewpoints, making them the objects of its inquiry,
but also that it is able to provide an enlargement of the world of things themselves,
by making us acquainted with the existence of things of which we were before
totally ignorant. This is already a hint regarding science’s ontological commitment
to scientific objects.

This discussion concerning things and objects returns us from a general con-
sideration of our ‘semantic framework’ to the more specific topic of our investi-
gation, with which we shall now continue.

4.2 Are Scientific Objects Real? The Ontological Side
of Objectivity®

A question that remained open at the end of the preceding section was whether or
not ‘things’ can be entirely accounted for by a ‘functional’ interpretation. More
precisely, the question is whether a ‘thing’ is simply a role (namely, the role of
‘givenness’ and of ‘referentiality’), or whether it is an entity ‘endowed with a role.’
In our discussion we have always used, implicitly or explicitly, the second
interpretation. But one must say that we were practically obliged to do so for the
sake of the discussion, since it is in keeping with common parlance to employ the
notion of thing in an ontologically committed sense. It was already fairly difficult
to claim that the ‘role’ of things is simply relative; and it was not advisable to
make the situation more complicated by raising additional questions about the
‘status’ of things. But what could be overlooked for the sake of a first simpler
presentation cannot escape an appropriate critical investigation which might well
lead to the conclusion that the ontological status of things is not that sound.

28 Certain parts of the present and following sections have been included in Agazzi (1997b).
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However, we shall not tackle the problem of the ontological status of things
directly, and this for a couple of reasons. The first is that, owing to the already
indicated relativisation of the concept of thing, it will not make any difference if
we begin our ontological inquiry with the concept of object instead. The conse-
quence of this choice will be that, if we should come to endow the object with a
certain ontological relevance, our problem could be practically solved, at least
implicitly, for things as well. The second reason is that we are, after all, interested
in objectivity, and it therefore makes sense to explore the ontological side of this
notion. If we were to succeed in discovering some acceptable perspectives on it,
we would be satisfied even if this should not enable us to illuminate the whole of
the analogous problem concerning things. If this should be the case, we could
leave this problem to the specialised care of ontologists.

Let us now explicitly pose the question: are scientific objects real? The correct
answer to this question presupposes a proper understanding of the meaning of its
concepts. As for the concept of a scientific object, our task is completed in this
regard; but what about the concept real? There is, notoriously, a wide spectrum of
meanings for this concept, and it is clear that, according to some of them, one should
deny the reality of scientific objects. Let us only mention the everyday use of “real”
according to which it means ‘concretely perceivable,” especially by means of sight
and touch (a use where epistemological criteria are endowed with an ontological
power). If one retains this meaning, it is obvious that many scientific objects (e.g.,
those studied by microphysics) cannot be said to be real. However, that we cannot
adhere to such a restricted meaning is already clear if we consider the vagueness and
ambiguities to which it can give rise in the context of everyday language itself. For
instance, acoustic perceptions are already considered with some mistrust within this
context (actually there is a certain inclination to deny reliability to pure acoustic
evidence, and to admit that ‘it might easily be wrong’). But, on the other hand,
people are also easily persuaded of the existence of viruses, of bacteria, and of atoms
and electrons, most of which have not only never seen, but which in many cases are
by their very natures excluded from being seen.

In order not to be confronted with similar difficulties we shall not try to specify
the notion of reality by means of other particular requirements. Rather, we shall
resort instead to a very basic characterisation which we have already hinted at in
an earlier section (Sect. 2.3). We shall say that real is what is different from
nothing, the only requirement we need for reality being therefore that of existing,
and not that of existing as a reality of a particular kind. It follows that, whenever
we are in the position of stating that there would be a difference in the world
depending on whether a particular entity exists or not, that entity, if it exists,
deserves to be called real. As we remarked in that section, dreams and halluci-
nations are thus real, since there is a difference between having and not having
them. All this amounts to saying that the ‘kind of reality’ one can attribute to an
entity depends on the ‘point of view’ from which reality is considered.

What we are saying here is reminiscent of the traditional thesis of the ‘ana-
logical’ meaning of being, which goes as far back as to Aristotle. This doctrine has
a powerful analytic purport, and the contemporary discussion concerning realism
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would benefit greatly from giving it more consideration. But even in contemporary
philosophy the thesis of the ‘analogical’ meaning of being has revealed great
vitality. In particular, it has surfaced in connection with Brentano’s rediscovery of
the intentio which we have already mentioned. It was indeed Brentano who
stressed that one of the most significant features of intentionality (considered to be
the specific characteristic of mental phenomena) was the possibility of intentional
states being directed towards objects which—as he said—do not necessarily exist.
The task of clarifying the puzzle of the nature of intentional objects was pursued
along different lines by Husserl and Meinong, the first through a deeper scrutiny of
the nature of intentionality (and in particular through the introduction of the notion
of the noema as something different from the object), the second through the
delineation of an articulated ontology of ‘objects,” some of which may not exist
(GegenstandstheOrie).29

However, we cannot completely subscribe to Meinong’s distinction between
reality and existence, simply because, on the one hand, there appears to be no sound
reason for claiming that something real does not exist and, on the other hand, it might
lead to serious misunderstandings to say that something that exists may not be real
even from a particular ‘point of view,” though this could be in keeping with certain
ways of speaking (e.g., when we say that hallucinations are not real from the point of
view of physics). In such cases it is more appropriate to say that such entities do not
belong to the objects of physics. Thus Meinong’s restriction of existence to concrete
material things is not to be recommended if it is to be taken as a convention; and it
seems incorrect if it is taken as a substantial claim, as we shall soon see. It seems
much more reasonable to claim that there are different kinds of reality, and that to
each kind corresponds its kind of existence (as well as its kind of meaningfulness,
truth, and so on). So, for example, in the kind of reality consisting of material things,
the Minotaur and numbers do not exist, while they exist, respectively, in Greek

2 See in particular Husserl (1913) and Meinong (1904). The solutions adopted by Husserl and
Meinong are often said to be divergent. But they are not really. Rather, they correspond to the
differences in approach we have just mentioned, and it is possible to reconcile them if a more
positive interpretation of Meinong’s claims is made by resorting to certain elements of his
ontology which are not really clear in his writings, but were fully specified by his student Ernst
Mally (see Mally 1912). This is shown in a short but valuable presentation of the debate about
intentionality, which took place at the turn of the century, provided in Chap. 6 of Zalta (1988).
Zalta himself (as we have already said) develops his own theory of intentionality by using both
Meinong’s distinction between being and existing (so that ‘abstract objects’ do not exist), and
Mally’s distinction between determining and satisfying, which he reproduces in his notions of
encoding and exemplifying. Thanks to this elaboration Zalta can give a theory of ‘abstract
objects” (which do not exist, in spite of encoding precise properties), and ‘ordinary objects’
(which exist and exemplify certain properties), as well as a fully-fledged theory of relations,
which enables him to eliminate (in the most direct and convincing way we know of) all the usual
difficulties connected with the principles of existential generalisation and substitutivity in
intensional contexts. As we have already occasionally noted, there are many points of similarity
between our theory of scientific objects and Zalta’s theory of intentionality. However, there are
also differences, which will be discussed soon, and which in particular are also differences
between our conception and Meinong’s, in spite (again) of several points of similarity.
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mythology and in the realm of mathematics (and in these domains it makes sense and
is even true to say that the Minotaur lived on Crete, and that 2 plus 2 equals 4).
Following this line, one could even reverse Meinong’s classification and say that we
are usually prepared to call real beings which we are ready to accept as existing in at
least one kind of reality (i.e., from one ‘point of view’). It is often said that numbers
are not real because they do not exist, and that they are ‘nothing but’ mental con-
structions. In this view, which is also expressed by Harré,30 the different kinds of
reality are determined according to the criteria we accept for admitting something as
existing. Our position is still different: we strictly connect reality and existence, and
say that the criteria for demarcating a certain kind of reality are at the same time those
which enable us to ascertain which individuals, properties, processes exist or occur in
that kind of reality.

More details on this issue will be given in the section devoted to the question of
realism. However, it is useful to briefly discuss this doctrine of ‘non-existent objects’
because it can be shown (in our view) that the advantages that have been obtained in
the recent developments of this theory can be preserved without separating existence
from reality, as has in fact been done there. We shall proceed to this discussion
through a comparison of our view with Zalta’s theory, which has the special merits
of clarity and rigour. A first point is that Zalta does not analyse the notion of
existence (while he very carefully analyses several other notions), but simply defines
it incidentally in an almost parenthetical way: “By ‘exists,” we mean ‘has a location
in space’” (p. 21),>" or: “one will prefer to distinguish being (that is, logical or
metaphysical existence) from existence (that is, physical existence)” (p. 103).

In this second quotation a kind of self-punishment is at work. In fact, in the very
effort of distinguishing being from existence, it is said that being is a particular kind
of existence (i.e., logical or metaphysical existence). But why is this distinction to be
recommended? Apparently because it permits us to qualify abstract objects as ‘non-
existing,” so that one can assign a content to intentional states even when they cannot
be referred to physically existing objects: “If we define abstractness so that it implies
non-existence, then abstract objects that encode properties prove useful for under-
standing directedness towards non-existents” (p. 18); “The properties abstract
objects encode characterise them, and so encoding is a kind of predication.... By
encoding properties of whatever kind, abstract objects have content, and can serve to
characterise the content of representations and images” (p. 18).

However, it is far from obvious that these advantages cannot be obtained
without the gratuitous limitation of existence to physical existence or existence in
space and time. It seems that the same result could be equally well obtained by
saying, for instance, that intentional states may happen to be directed towards
abstract objects encoding certain properties, even when there are no physical
objects instantiating these properties. In such a way we should attribute a particular
kind of existence (let us call it, e.g., intentional existence) to the abstract objects,

30" See Harré (1964), p. 48 ff.
31 The page numbers quoted are from Zalta (1988).
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without equating it with the physical existence of other objects. But let us
immediately add that there are many other kinds of existence which are different
both from the physical and the intentional, such as existence in a story, existence in
a dream, existence in a musical composition, existence in a project, and so on,
which must be differentiated and characterised, while they risk disappearing if
only physical existence is qualified as existence. It is certainly not accidental that
Zalta finds himself committed to explaining the notion of “true in a story” through
a rather cumbersome device, while if on the other hand one admitted the idea of a
fictional reality one could introduce criteria of referentiality relativised to a given
story, and in such a way easily explain such elementary claims as “Hector is a
Trojan warrior in The Iliad,” or “Figaro does not exist in Shakespeare’s Hamlet.”
These examples show that it makes perfect sense to say that a certain individual
(Hector) exists in The Iliad, and that he instantiates certain properties in that story,
despite his not existing in space and time, while another individual (Figaro) does
not exist in Hamlet, not because he does not exist in space and time, but because he
is not one of the characters in the play.

Last but not least, one should avoid having to claim that there are non-existent
objects. As a matter of fact, Zalta states that the possibility of making this claim
without turning it into a logical falsehood is an advantage, but one can be very
doubtful about this, while no one would be uncomfortable saying, “there are non-
physical objects,” “there are non-intentional objects,” “there are non-historical
objects,” and so on, where “there are” retains its familiar sense of “there exist.” We
gladly acknowledge that the doctrine of non-existing objects was pushed by the desire
to give a satisfactory account of the linguistic use of such expressions as “round
square,” “the golden mountain,” “the present king of France” and “the fountain of
youth,” expressions which certainly do not denote physically existent objects. We
also acknowledge that it was a real achievement to establish that these expressions
nevertheless denote abstract objects of an intensional nature. But now, why should
we call these objects real and at the same time non-existent? We do not find such a
move acceptable; but, on the other hand, we shall indicate a way of recovering the
correct intuition behind it, which wants to preserve a difference between, and a
distance from, purely intentional existence and ‘autonomous’ existence. Our pro-
posal consists in giving full value to the difference—but at the same time to the
intimate relationship—between intentional objects, or noemata, and referents.>?

In short, an abstract object exists as abstract object, as noema, and has a kind of
intentional reality. But this kind of reality is such that it points, so to speak, towards

ELINNT3

9

32 We should not like to give the impression of being particularly critical of Zalta. In fact his
position not only has its clear and acknowledged historical roots in the works of Meinong and
Mally, but is amply consonant with a rich production regarding ‘non-existent objects’ which is
current in modern literature, where an emblematic title could be, for example, that of Parsons’
(very valuable) book Non-existent Objects (Parsons 1980). The reason we have discussed Zalta at
length is that his approach constitutes, in our view, perhaps the best treatment of this kind of
problem, and at the same time the one in which it is possible to see how this strange denigration
of existence to certain things which ‘there are’ can actually be dispensed with.
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another kind of reality, where a referent should exist satisfying it (or where an object
of that particular kind of reality should instantiate the properties the noema encodes).
Now, by using the specific criteria of referentiality or protocollarity characteristic
for that kind of reality (e.g., by using certain scientific instruments, by consulting
archives, by carefully reading a story or a play, by administrating psychological
tests, by resorting to sociological inquiries, by making a mathematical calculation,
and so on) we can sometimes discover that such an intended referent actually exists,
and sometimes that it does not. It should be clear, therefore, that certain physical
objects may not exist (such as, e.g., the golden mountain) because it happens that
there are no referents in the realm of physical reality for those abstract noemata
which characterise them. On the other hand, non-physical objects may exist, having
that kind of non-physical reality which corresponds to their being represented
through a noema whose intended referent should belong to a certain kind of non-
physical reality (e.g., to a fictional reality), and they actually satisfy that noema in the
realm of that reality (such as Hector in The Iliad).

Because of this, we must be careful in explaining what we mean when we say
that dreams and hallucinations, though real as dreams and hallucinations, do not
actually refer to any real state of affairs. The most spontaneous way of under-
standing this statement is to see it as expressing the distinction between mere
images of reality and reality itself, or between the images and their referents.
Although the two ways of speaking seem equivalent, they may actually cover two
very different conceptions, the one being epistemological dualism, and the other
being the doctrine of the intentional nature of knowledge.

The difference between these two positions may perhaps be sketched in a
synthetic but sufficiently effective way by saying that both share the view that our
cognitive activity has an intentional nature in the sense that it is ‘oriented towards
something’ as a goal or, if one prefers, that it is conceived of as being completed
by a terminus, with which we try to come in contact. Both doctrines also agree that
this intentional effort leads to the production of certain ‘images,” and that for this
reason we can say that such images constitute the intensions of our cognitive
performances. However, at this point the two doctrines diverge, for the one
maintains that this very ‘image’ constitutes the endpoint of the cognitive act itself,
which simply means that the ‘image’ is what is known. The other doctrine
maintains that the endpoint is not the image, but some entity which we are able to
approach through the image; this entity may be called the referent.>

3 As an example of the second doctrine we could mention the Scholastic doctrine of the
phantasmata (which we could translate as “sensory images”). These are not id quod cognoscitur
(that which is known), but id quo cognoscitur (that through which one knows), and this in spite of
our intellect not being able to know things unless it passes through these images (nisi convertendo
se ad phantasmata). The other doctrine is explicit in Descartes, who claims that we know our
‘ideas’ and sees them as something whose origin must be causally explained. From the logical
analysis of these ideas he believes it possible to infer the existence of things (e.g., of God and the
external world) from their causes. Only the thinking subject escapes this fate, since it is present to
itself in the act of cogiro. This approach, as we have already said, was retained by the majority of
modern philosophers up to Kant, and constitutes the philosophical doctrine that we have called
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It is important to note that, according to the non-dualistic doctrine, the inten-
sional image, the noema, always preserves its function of being the means through
which we point to the referent, and never replaces the referent, not even in the case
of non-existent referents, nor in ‘epistemic’ contexts (such as believing). For
example, if someone believes that centaurs are wandering in the woods sur-
rounding a certain city, he does not believe or think that noemata are wandering in
the woods, but that certain concrete (though strange) individuals wander there.

Ascanbe seen, one possible way of distinguishing the above positions is to say that
epistemological dualism identifies intension and reference, while the other doctrine
does not.>* The feature to be stressed in this analysis of epistemological dualism (and
itis indeed because of this feature that it is a dualism) is that it does not deny that the
cognitive act has a referential orientation—that it aims at ‘reaching’ an ontologically
independent entity. Only it believes that this basic aim remains frustrated and that,
therefore, the referent must be looked for within a domain which is closer to the
knowing mind, thatis, within the realm of its own ‘images of reality’ while the second
entity (the real object) cannot be known. In such a way we are not really confronted
with the elimination of the referent, or of the referential side of knowledge, but with a
reduplication of it, one referent (actually the ‘proper’ referent) remaining episte-
mologically inaccessible, and the other (the ‘replacement’ referent) being episte-
mologically accessible. This is why we said that it is typical of the dualistic position to
conceive of images of reality as being separated from reality proper. The locution
image of reality actually includes implicit mention of the inscrutable referent which
we cannot hope to know. In our doctrine, on the other hand, we prefer simply to speak
of an ‘image,” because its being an ‘image of’ something can only be stated if we
explicitly point to the referent; and in such a way the image preserves its proper role of
being a tool rather than the terminus of knowledge.

Of course, the term “tool” may also produce some misunderstanding; so it is
much more appropriate to say that the different images are the ways the referent
has of being present to the knowing subject. So, for example, a tree’s way of being
present with respect to a house is that of being at a certain distance from it and
exerting on it a gravitational attraction (which is neutralised by other forces). If the
tree is in the presence of a camera with a photographic emulsion, its presence
manifests itself also as the production of a chemical reaction on the emulsion

(Footnote 33 continued)

epistemological dualism or representationalism. As we already said in a preceding note, these
themes have been revisited in the contemporary theory of intentionality, but they are also to be
found, for instance, in the Fregean distinction of Sinn (sense) and Bedeutung (reference), in
several works of Russell, and so on (sometimes in a ‘representationalistic’ sense as in Russell,
sometimes not). In addition to the literature already cited, let us mention here Searle (1983) and
Dreyfus (1982).

3 Letus note, however, that this identification is very different from that which characterises the
referentialist and extensionalist semantics we have discussed in the preceding section. In that
case, intension was actually eliminated, and it was maintained that meaning coincides with
reference. In the case of epistemological dualism, instead, intension is present, and is indeed so
dominant that it precludes access to the referent, and itself becomes the referent.
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which, if suitably handled, may lead to a two-dimensional physical picture of the
tree. If the tree is in the presence of an animal equipped with organs of vision, its
presence manifests itself to the animal also as a visual image. And as the physical
picture may be stored even when the tree is no longer there, and may be submitted
to different uses, so can the visual image. Generally, images are the different forms
of intentional presence according to which a referent may be present to a knowing
subject; and in this sense they are the referent itself inasmuch as it is present, for
example, to sight, touch, hearing, memory or thinking.*’

Being different from nothing, images belong to reality as well, that is, they are
real, and as such they may also become the referents of a cognitive act. Butin such a
case they are not the ‘replacements’ of another, inaccessible, proper referent. Rather,
they are themselves the proper referents of the new act of knowledge, which is
‘intended’ towards the image and not towards its referent (an act of knowledge which
primarily consists in a self-reflection). In other words, if I look at a table, the image of
the table which is being formed in my mind has the table as its referent, and I know the
table through it. But nothing prevents me from being interested in considering not the
table, butits image, and asking questions about this image; for example, how it comes
to be, or how it can be preserved and called to mind even in the absence of the table,
and so on. In all such cases, the image is the referent of my cognitive efforts, and [ am
trying to acquire knowledge about it (e.g., by means of a psychological inquiry).*®

The whole meaning of this discussion is that epistemological dualism, besides
being intrinsically untenable, is also perfectly useless, because any positive function
it might be believed to have is conceivable without it. Indeed, such a positive
function could be seen as consisting in the possibility of considering images as
referents. As we have just seen, however, this possibility is safely preserved in the
alternative conception which has, in addition, the great advantage of admitting other
kinds of referents besides images. These considerations belong to basic episte-
mology and not specifically to philosophy of science. We shall see later, however,
that they are relevant to the discussion of the issue of scientific realism.

As we have had the opportunity to present epistemological dualism here in the
guise of a ‘doubled referentiality,” it might be useful to restate for the last time the

35 Due to this fact, noemata may be at the same time ‘objective,’ that is, independent of the
subjective ‘act of thinking,” and from mental or psychological images of different kinds. But they
cannot help being at the same time reality’s ‘way of being present to thinking’ in its various
aspects. This was expressed by Frege when he tried to explain in what sense not only concrete
referents, but also thoughts, are endowed with objective existence: “I understand by objectivity
an independence from our perceptions, intuitions, and ideas, from the establishment of internal
images, from the remembering of earlier perceptions, but not an independence from reason: for to
say that things are independent of reason is to judge them without judging, which is like trying to
wash the fur without getting it wet.” (Frege 1884, p. 36). In this Fregean statement we can find a
short but significant formulation of the spirit of a non-naive realism, i.e. of a realism that does not
reduce reality to simple ideas but at the same time does not overlook that we can state existence
only of known realities.

36 What we are explaining here is a brief presentation of the traditional distinction between
intentio prima and intentio secunda, which we have already mentioned in a preceding section.
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reasons for the untenability of this doctrine by taking this point of view into special
consideration.

Reduced to its actual core, the notion of a referent is simply that of an entity, of
something existing, to which a certain intension applies. It follows that, whenever
one calls a referent into play, one commits oneself to a claim of existence. Now,
only two ways are at our disposal in order to support the cognitive claim that
something exists, either by evidence (of some kind), or by argument.3 7 In the case
of the hidden, inaccessible referent, which is supposed to lie behind the ‘images of
reality’ according to the dualistic tenet, neither evidence nor argument are pro-
duced in order to support this claim, which is, therefore, a purely dogmatic one.
But the interesting fact is that if one were able to show that this claim is not
dogmatic, one would ipso facto prove that it is contradictory. Indeed, if some
justification could be provided in favour of the claim that the ‘unknown’ referent
actually exists, this would amount to saying that we had some means for ascer-
taining its existence. But at that moment we would have contradictorily admitted
that the unknown referent is actually known, for knowledge cannot be anything
different (or anything more) than the ascertaining of an existence, be it the exis-
tence of an individual, a property, a relation, a state of affairs, or what have you.

Let us stress that this criticism also applies to the Kantian doctrine of the nou-
menon, despite the fact that Kant declares this noumenon to be thinkable but not
knowable. This distinction between knowing and thinking seems prima facie to solve
the problem, as the hidden noumenon is presented here as the referent of an act of
thinking and not of an act of knowledge. Yet this solution is ineffective, because Kant
maintains that the noumenon exists, and in such a way he cannot help admitting that
we at least know this much about it. In order to avoid this conclusion, Kant should
maintain that we think that it may exist. But this is not what he says. According to him
(at least in one part of his doctrine) the noumenon exists, and is not merely possible.*®
This, however, is a well known problem regarding Kant’s philosophy.

37 We recognise, therefore, that existence statements may also be advanced, and are actually
often advanced, on the ground of faith or belief, that is, on grounds that we here call noncognitive.

3 See the discussion on the Kantian theory of the noumenon sketched in Sect. 1.7. It is inter-
esting to note, in this context, that Husserl, precisely because he was anti-dualist, could not admit
that if an external world exists it may be constituted by things-in-themselves that are in principle
unknowable. This is possibly one of the reasons why, in the last stage of his philosophy, he
became an idealist. A possible explanation of this fact (which, however, is not admitted by certain
interpreters of Husserl) is that he thought that realism was untenable because the external world
can be known by human beings only partially, in the sense that such knowledge could never be
complete. Our comment is that this conclusion would not be logically correct. In fact, the
incompleteness of our knowledge of the external world does not provably depend on the fact that
there are, so to speak, parts of this world that are epistemologically inaccessible, but rather on the
fact that the objectifications we can make of this world are potentially infinite, and that, as a
consequence, our knowledge is inexhaustible even though it is always realistically referred to this
world. We shall return to this issue in our discussion of realism (and, in any case, we do not
maintain that this is a precise criticism of Husserl’s doctrine).
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This discussion is important in that it allows us to conclude that knowledge can
by no means and under no circumstances be ‘knowledge of nothing,” because if we
can say that we have some kind of knowledge, it is because we are at least in the
presence of certain ‘images.” Now, at least a few images in our minds are there
because they constitute the manner in which some referent has been presented to
us, and in this sense they are witness to our knowledge being knowledge of
something. Anyway, this is true in general, but it does not guarantee that every
image I have has a referent. For example, if I am dreaming of an apple, the image I
have now was stored in my mind on the occasion of some referential situation in
which the apple was actually there, but this does not imply that there is a referent
of that image now. The same can be repeated if I think of a dead person whose face
I remember well, or of a past experience. The situation is similar when one
imagines some entity or some pattern of action as a pure invention of her mind,
such as when one writes a novel, or a book of science fiction. In such cases, the
‘ingredients’ of the story are constituted by ‘partial’ images, which have had a
referent in the past experience of the person who is inventing the story, but which
are put together through a more or less free association, giving rise to new complex
images which are not meant to have a referent.*

The obvious question is therefore: how can we be sure that in similar situations
our knowledge is not ‘knowledge of nothing’? Our answer is the following: if we
distinguish between intension and reference, we can say that our knowledge is
never knowledge of nothing because it is at least knowledge of an intension or, if
one prefers, knowledge of a ‘world of meanings,” of some noemata, of ‘abstract
objects.” This is in particular a point on which certain modern discussions con-
cerning so-called ‘non-existent objects’ have contributed very useful insights, as
we have seen. This intension, in turn, owing to the intenfional nature of knowl-
edge, is so to speak projected towards a possible ‘world of referents,” and this
means, as we have explained in the preceding section, that the intentional act
‘seeks’ objects which exemplify the properties, relations, propositions, encoded by
the abstract objects constituting the realm of intensions. But other requirements
must come into play in order for this possibility to be realised.

We shall discuss these referential requirements later, but let us now return, from
the general analysis sketched here, to our specific problem of determining whether
scientific objects are real. After the foregoing analysis we can say that there is a
sense in which they are (rather uncontroversially) real, and this is the sense in
which scientific objects, being structured sets of concepts which encode certain
properties and relations, are at least intensions or noemata; hence, they are dif-
ferent from nothing and, accordingly, are real (real as abstract objects). We can
therefore concentrate the strength and the challenge of this question on the fol-
lowing further question: are scientific objects also referents?

3 Tn order not to complicate our discourse, we do not mention here those particular images
which may be obtained by abstraction, and which could lead us to apply the present reasoning to
abstract entities such as those of mathematics. Therefore we are not adhering to a basic empiricist
view, as might have been suggested by the elementary examples used here.
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Our way of formulating the issue has the advantage of dispensing with the dif-
ficult and perhaps not completely sound problem of determining what ‘metaphysical
reality’ is, in order to see whether a noema does or does not correspond to such a
reality. In other words, we need not make use of the distinction between ontology
and metaphysics that was presented, for instance, by Roman Ingzzlrden,40 and is often
evocated in several books on ontology. A distinction whic