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SYNOPSIS

The main thrust of the argument of this thesis is to show the possibility of artic-
ulating a method of construction or of synthesis—as against the most common method of
analysis or division—which has always been (so we shall argue) a necessary component of
scientific theorization. This method will be shown to be based on a fundamental synthetic
logical relation of thought, that we shall call inversion—to be understood as a species of log-
ical opposition, and as one of the basic monadic logical operators. Thus the major objective
of this thesis is to

This thesis can be viewed as a response to Larry Laudan’s challenge, which is based
on the claim that “the case has yet to be made that the rules governing the techniques whereby
theories are invented (if any such rules there be) are the sorts of things that philosophers
should claim any interest in or competence at.” The challenge itself would be to show that the
logic of discovery (if at all formulatable) performs the epistemological role of the justification
of scientific theories. We propose to meet this challenge head on: a) by suggesting precisely
how such a logic would be formulated; b) by demonstrating its epistemological relevance (in
the context of justification) and c) by showing that a) and b) can be carried out without
sacrificing the fallibilist view of scientific knowledge.

OBJECTIVES: We have set three successive objectives: one general, one specific,

and one sub-specific, each one related to the other in that very order.

(A) The general objective is to indicate the clear possibility of renovating the traditional
analytico-synthetic epistemology. By realizing this objective, we attempt to widen the
scope of scientific reason or rationality, which for some time now has perniciously been
dominated by pure analytic reason alone. In order to achieve this end we need to show
specifically that there exists the possibility of articulating a synthetic (constructive)
logic/reason, which has been considered by most mainstream thinkers either as not

articulatable, or simply non-existent.

(B) The second (specific) task is to respond to the challenge of Larry Laudan by demonstrat-
ing the possibility of an epistemologically significant generativism. In this context we
will argue that this generativism, which is our suggested alternative, and the simplified
structuralist and semantic view of scientific theories, mutually reinforce each other to
form a single coherent foundation for the renovated analytico-synthetic methodological

framework.
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(C) The third (sub-specific) objective, accordingly, is to show the possibility of articulating
a synthetic logic that could guide us in understanding the process of theorization. This
is realized by proposing the foundations for developing a logic of inversion, which repre-

sents the pattern of synthetic reason in the process of constructing scientific definitions.

STRUCTURE OF THE ARGUMENT: The dissertation is divided into three parts. In
the Part-I we present a historical introduction to the problem. Parts II and III, are designed
to meet the specific objectives (B) and (C). Finally we will attend to the general objec-
tive (A) towards the end of Part-IIl-—moving from the specific to the general. In the first
part we present a quasi-historico-philosophical narrative, which substantiates the observa-
tion that ever since its inception traditional epistemology, despite being analytico-synthetic,
lacked certain necessary elements of analysis for purposes of characterizing some, especially
the constructive, aspects of scientific knowledge—giving rise to pure consequentialism. A
thematic study of the origin of epistemology and method in the hands of the ancient trio
Socrates, Plato and Aristotle is presented. This is then contrasted with the development of
the mathematico-experimental method, which is necessitated by the needs of new objects of
scientific knowledge, by the modern trio Galileo, Descartes and Newton. The factors that
eventually gave rise to the hypothetico-deductive methodology and its comrade-in-arms fal-
sificationism, are discussed. It is observed that accounting for the highly theoretical and
mathematical nature of the modern scientific knowledge eventually became one of the central
problems of epistemology. It is argued that the lack of understanding of how we arrive at
the highly theoretical and mathematical aspects of scientific knowledge has given rise to pure
consequentialism.

In the second part we critically review the arguments against a discourse of dis-
covery in epistemology, which culminated in Laudan’s challenge (referred to above). The
attempts made by Thomas Nickles and others to defend the discovery program are critically
assessed. It is observed that Nickles’ arguments to save the program, despite being the most
comprehensive of those available, are deficient, because of a lack of an alternative genera-
tivist framework. We then work out a generativist framework based on a distinction between
the epistemic values attributable to mathematical structures and models, such as closure,
invariance, and symmetry in the context of generation, on the one hand, and those of truth
and falsity attributable to scientific assertions in the context of application on the other. In
this context we propose a simplification of the non-statement view of W. Stegmiiller and the
semantic approach defended by F. Suppe, and Bas van Fraassen.

In the rest of Part-II, we present the essentials of the idea of inversion, which is



the heart of the matter of the thesis. The presentation starts by making certain conceptual
distinctions such as between: negation and inversion; one-over-many and one-to-one relations;
predicate and proportion based identities; definite and inverse definite descriptions; entities
and dimensions; and between the taxonomic and inverse systematization. These distinctions
are made in order to make the foundation of the framework explicit, enabling the reader to
anticipate possible developments.

We then outline the development of number theory as a known example where
inverse reasoning has played a necessary role. This is followed by suggesting a similar pattern
of analysis for the structure and semantics of definitions of dimensional elements (measurable
parameters)—extending the idea from the known case of number theory to the unknown
cases of physical theories. These definitions, it is suggested, are to be interpreted as ‘complex
predicates’ that describe ‘physical systems’. They may be viewed as semantic structures or
unsaturated propositions, which are not by themselves either true or false, but will have
epistemically desirable values, such as closure, invariance, and symmetry. These definitions
in their own right and irrespective of their applicability, are justifiable pieces of knowledge,
not only because of the wvalues they possess but also because they developed from terra
cognita. It is then shown that the two views, the generativism of scientific definitions and the
simplified semantic view of scientific theories, mutually reinforce each other to form a single
coherent foundation for the proposed analytico-synthetic framework. It is further argued that
the various meta-theoretical predicates, such as closure, invariance, relativity and symmetry,
are based on inversion, in the sense that, inversion is a necessary (though not a sufficient)
condition for their emergence. Finally, it is also argued that inversion makes measurement
and mathematization possible, explaining the epistemic transformation from qualitative to
quantitative science. In the course of the discussion the affinities of the proposed framework
with the views of H. Weyl, E. Wigner, Bas van Fraassen, F. Suppe, W. Stegmiiller, J. Piaget
etc., among others, are presented.

In Part-III, we substantiate the major claims of the thesis in the form of detailed case
studies. We start with an account of how proto-scientific knowledge emerged out of a ‘soup’
of opposites prevalent in ancient Greece. The metaphysical views from Thales to Plato suffer
from being highly global (non-paradigmatic). It is observed that the shift from global world
views to local (paradigmatic) problem oriented science took place with Aristotle. A study of
Aristotle’s Physics and De Caelo, shows that most questions later dealt with by Galileo in
the 17th century were posed by Aristotle, though his solutions were all ‘wrong’. [Aristotle]’s

Problems of Mechanics, was the real turning-point towards mathematical physics addressing
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certain local problems in statics, such as that of the lever, balance, pulleys, and certain
other geometrical problems. It was followed by Archimedes’ contributions to statics and
hydrostatics. We have sought to demonstrate that in these developments inversion played a
necessary role, in the sense that without this seminal notion the genesis of scientific knowledge
would have been impossible.

We then present a detailed reconstruction of Galileo’s discoveries regarding the
problem of motion, based on his works De Motu and The Two New Sciences, which show
beyond doubt that the development of modern physics has been made possible by applying the
known knowledge of the balance—a representative example of a theoretical structure based
on inverse reason—to the unknown case of motion. Galileo’s study shows how he successively
reduced the motion of bodies in natural fall, projectile motion, on inclined planes, and the
motion of the pendulum, to that of the balance. We trace the steps by which Galileo gradually
‘bends’ his attention from the vertical component to the horizontal component, employing
the above mentioned analogies, ultimately leading to his greatest discovery, the relativity of
motion and the composition of the two components, among other discoveries such as the law
of free fall and the law of inertia. This case study also demonstrates how the use of inverse
reasoning by Galileo can explain the conceptual change from Aristotelian to the modern
physics. Most concepts of modern dynamics, like mass, force, momentum, energy, etc., show
their presence in this context, demonstrating the discovery potential of inversion.

Another case study is presented to illustrate how reversibility, invertibility of chem-
ical processes, have played a necessary role in the discovery of chemical elements. This study
extends from the Stahlians to Lavoisier, explaining the role of inverse reason in the overthrow
of phlogiston chemistry.

The ideas of equilibrium and homeostasis, which are also based on inversely related
processes, have been shown to have played a significant role in different branches, such as
population genetics, general physiological models in biology, further corroborating the role of
inversion.

Having demonstrated the omnipresence of inverse thinking in various contexts, we
conclude by proposing that inversion should undoubtedly be an additional and necessary
parameter for a philosophical study of scientific knowledge in its genesis, development and its
structure. We end the dissertation with an outline of the analytico-synthetic epistemological

framework to replace pure consequentialist epistemology.



PREFACE

This thesis is based on the following historico-philosophical observation regarding
the failure of philosophers of science in understanding the methods of generating scientific
knowledge. Though traditionally philosophers have addressed the problem of how we arrive
at scientific knowledge—which for them is infallible—they could not achieve anything that
can be called success. Towards the end of the last century a significant turn took place in
epistemology and philosophy of science leading to fallibilism. Emergence of fallibilism has led
to the abandonment of one of the fundamental problems of a traditional epistemologist, which
is the problem of how we arrive at (true) scientific knowledge. Though we agree that we are
in possession of no method that can generate true scientific knowledge, we think that we can
devise methods that can generate meaningful scientific concepts. Therefore it occurred to us
that there is no need for a complete abandonment of traditional generativist epistemology.
The initial problem of the thesis was then formulated to explore the possibilities of renovating
generativism. Thus when the work began, the problem chosen was to argue out a case for a
version of analytico-synthetic generativist methodology.

The history of philosophy has strong evidence against the role of induction in the
generation of scientific concepts: for it was realized that scientific concepts are much more
than what can be obtained by means of induction. Convinced that induction cannot generate
scientific concepts, we went on to explore the possibility of other methods such as the method
of taxonomy, which surely has played a decisive role in the discovery of scientific kinds (natural
kinds). If the idea of inversion did not eventually occur to us, the thesis would have been on
“The Role of Taxonomy in the Discovery of Natural Kinds: Towards an Analytico-Synthetic
Approach”.

Eventually we realized that there are two main aspects to the problem of generating
scientific knowledge. One of them is the problem of devising the methods that lead to
proliferation of scientific kinds, and the other is the problem of devising methods that lead
to unification and abstraction of theoretical (scientific) concepts. The problems that we have
encountered in articulating this distinction are responsible for the eventual emergence of the
idea of inversion. The title of the thesis at that point of time would have been “The Two
Faces of Science: Inversion and Taxonomy”. Inversion is intended to be the method of dealing
with invariance, and taxonomy with variety. But the vitality and the force of the new idea

naturally took all our attention. The present thesis is therefore about only one of the aspects
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of scientific knowledge; the other, where taxonomy plays the central role, stands postponed.
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Chapter 1

Origin of Epistemology and
Scientific Method

Two fundamental questions concerned philosophers ever since the inception of epis-
temology. (a) How do we arrive at knowledge? And (b) How do we know that the arrived
knowledge is true? These questions can also be put in a different manner: (a’) What factors
make the genesis of knowledge possible? (b’) What factors make knowledge true? Retro-
spectively we may say, following Reichenbach’s famous distinction, that the two questions
relate to the context of discovery and the context of justification respectively.! Any discus-
sion regarding the context of genesis of scientific knowledge in the contemporary discourse is
questioned on the ground that epistemology has nothing to do with the questions of genesis
or origin of ideas. Or even if the questions are rated legitimate for epistemology, no formal
pattern of genesis is believed to be possible.

However, as we have just stated, such has not been the case since the inception of
epistemology. Philosophers have attempted to answer the question of origin of knowledge,
ever since knowledge making or seeking has been realized as a component of human nature,
as if it is natural for them to do so. Why did this become a natural question to start with?
And why is this not so with us in this century, when it is no longer considered that a theory of
discovery/invention would naturally form a part of epistemology? Today some philosophers,
who find it interesting to address this question, have been addressing this question only by
way of defense, with hesitation and with little confidence. So they have to attend in the
first place to a meta-philosophical problem of legitimizing the problem, and then attend to

the relatively first-order philosophical problem of searching for an order in the context of

!The dichotomy has been questioned by some philosophers on various grounds. These details will be
discussed in Chapter 4.



8 Chapter 1. Origin of Epistemology and Scientific Method

discovery.

For traditional epistemology the question of finding the method/s of arriving at
knowledge has been a necessary problem, because justification of knowledge was thought to
be partly, or completely dependent on the basis of generation, i.e., the problem of genesis
and justification were not thought to be independent. On the other hand, for the majority of
the contemporary epistemologists the epistemological problem consists in finding methods, if
any, of justifying knowledge by deducing specific truthful consequences from general abstract
laws or theories. We will call, following the terminology of Larry Laudan (1980), the former
position generativism, and the latter consequentialism.

How did this philosophical transformation from generativism to consequentialism
take place? To give a detailed and critical explanation to this interesting transformation
in epistemology would in itself require a separate work. We are not attempting to provide
such an account in this work. However, some explanatory observations pertaining to the
transformation will be presented which would form a background to this work.

This part is written with the view that the problem of this work can be best stated
if we understand the situation or the historical circumstance of its origin, i.e. the context
of the genesis of epistemology and scientific method, for it is our diagnosis that mainstream
epistemology ever since its inception lacked certain necessary elements of analysis for char-
acterizing scientific knowledge. We assume that the problems of epistemology can be better
understood by knowing some of the necessary conditions that made a theory of knowledge
possible. Especially, from the point of view of the present work, it is necessary to seek answers
to these questions: Why, in the first place, did the early philosophers felt that there should be
a method of arriving at knowledge? Why did epistemology, as a theory of knowledge, come
into being? With these questions in mind if we look back at the history of Greek thought, we
may possibly come to know the genealogy of the problem at hand, the pitfalls of the various
answers given, and the direction in which to seek the answer today.

We will be presenting this as an account of the genesis and dynamics of thematic-
pairs. The following material, let us make it clear, may not contain any new historical ‘facts’
of philosophy that most of us are unaware of. What we have done is to realign the ‘substance’
in a new form, which being a ‘rational reconstruction’, is intended to form an argument in
itself. Though the thesis is an argument in favor of the analytico-synthetic epistemology, it
is not however written in an argumentative style. Rather, we have adopted a different kind
of style which may be described as that of a quasi-historico-philosophical narrative.

It is quasi-historical because the character of our research is not similar to that of
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a historian. And at the same time we cannot say that the work has nothing to do with the
history of ideas. It is quasi-philosophical because it is not presented in the form of a rigorous
argument, rather it is presented in the form of an extended argument with internal coherence,
which emanates from the alternative framework that we have in mind. This framework will be
identified by comparative characterization, and in this sense we frequently attend to various
epistemologies by comparing them with ours. We have called it a narrative because the
objective is to tell of or explicate, a possible alternate framework, and reformulate some of
the problems of epistemology and philosophy of science from this new point of view. It is also
a narrative because there is reconstruction involved in our attempt to retell the otherwise
familiar material.

The method of organizing that we have adopted consists basically in the manner in
which the presuppositions of a given thought are analyzed into antinomies or thematic-pairs.
Some examples of such thematic-pairs are: reality and appearance, variable and invariable,
Being and Becoming, simple and complex, universals and particulars, genus and species,
analysis and synthesis etc. We will see that these thematic-pairs by their intrinsic anchorage
in a tradition—being presuppository in nature—function as regulatory constraints, control-
ling the thinking process of the tradition. Thus they not only make some line of thinking
possible, but at the same time they put a limit on that thinking, on that very basis. It
is due to the possibility of knowing both the necessary conditions as well as limitations of
epistemology, that we intend to narrate the story of early stages of epistemology in a form
based on thematic-pairs and their dynamics. The semantics of theoretical order, we think,
can best be understood by this method of thematic analysis based on opposites of various

kinds.

1.1 The Genesis of Universals and Epistemology

If there was ever a period in the history of ideas that was fruitful in terms of variety
and creativity, it certainly was the period from the 7th century BC to the 4th century BC. It
was during this period that a variety of early conceptions of nature were proposed starting
with Thales and ending with Plato. The conceptions of nature will be presented separately
in Chapter-7, because the neglected thematic-pairs based on inversion have been playing a
central role in their development. Since our objective is also to show the inherent limitation
of mainstream epistemology, by way of looking at the context of its genesis, for the present
we shall limit our presentation to the developments pertaining to early conceptions about

knowledge.
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Earlier to the Sophists, who went on to develop conceptions about human nature as
well, there are certain conceptions ‘about’ knowledge, which are based on the thematic-pair,
appearance and reality, an early precursor of another modern thematic-pair, primary and
secondary qualities. We may recall that the early theoreticians of nature, often described as
the physiologues, presumed that the apparent world is confusing, complex, everchanging (in
constant flux), and so on, and that the real world is ordered, simple, and has a permanent
form. The thematic-pairs Becoming and Being are thus connected to the apparent and the
real. This is possibly the first attempt to understand the underlying reality in a manner
which is different from the mythological and theological modes of knowing.

This distinction between the ‘physiological’ mode on the one hand and the mytho-
logical and theological modes on the other is not intended to show that the former is superior
to the latter modes of knowing. With the assumption that mainstream epistemology has not
much to offer on mythological and theological modes of knowing, and because mainstream
epistemology at least claims to be about ‘scientific knowledge’, we concentrate only on the
physiological mode to begin with. We intend to demonstrate that mainstream epistemology
could not give a satisfactory and complete account of scientific knowledge because it has
not been able to delineate one of the essential and basic components of scientific thinking.
Another of our assumptions is that we consider the physiological mode as a precursor to the
scientific mode of knowing.

That there is something beyond what is given to us in experience has been generally
explained on the basis that a large number of events that we experience have no visible causes,
given the assumption that we have a natural tendency to search for causes. In order to bring
in security, closure and symmetry, the human mind has created many nvisible ‘theoretical’
(it may be appropriate to say mythological or theological) entities, including ghosts, demons,
gods, etc. The invisible has somehow taken the ‘primary’ level of reality, while the visible
has become the ‘secondary’ level of appearance. These presuppository themes such as hidden
and visible, apparent and real, primary and secondary, appear to have animated one of the
basic modes of knowing, namely the explanatory mode, which is at some level of generality
common to all the modes of knowing. Thus some of the first thematic-pairs that started
moulding our thinking can be stated to be the visible and the invisible, and the apparent and
the real.

In the first phase of the genesis of scientific knowledge, characterized by a manner
of theorizing at a global level, various proposals have been made regarding what is that

underlying invisible reality. We can easily see that the expression ‘underlying invisible reality’
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is a composition of the thematic-pairs mentioned above. As mentioned already except towards
the end of this phase, proper epistemological questions were not a central concern. Thematic
analysis of ‘theories’ about nature are presented in Chapter 7, where the role of inversion in
the genesis of scientific knowledge is elaborated. In what follows we shall begin narrating the
crucial moments in the genesis of epistemology.

It is generally noted by historians that Greek philosophy begins with an inquiry
into the objective world and then gradually turns its attention to man himself, leading to the
study of the human mind, human conduct, logic, knowledge, ethics, psychology, politics, and
poetics. Such a turn took place due to the Sophists, who shifted the attention of thinkers
from the problems of nature to the problems of human knowledge and conduct. Before them,
there had not been any attempt to question the possibility of knowledge. It is assumed that
men can know and rightfully ‘theorize’ about the world.

An antithesis to this trend was provided by the Sophists, who thought that cosmo-
logical and metaphysical speculations are futile. Having seen the diversity of opinions found
among the Greek naturalists, they concluded that this was due to the limitations of human
thought and abilities. According to the Sophists our opinions about nature would necessar-
ily be diverse, paradoxical, and without any interpersonal agreement. The picture given by
them appears to be true because, different thinkers chose different ‘things’ as the underlying
invisible reality. As is well known, while some considered water as the underlying principle,
some considered air, and some others fire. A few others ‘created’ highly abstract things like
apeiron, undifferentiated substance, and proposed a mechanism of creating the rest of the
substances from them. Which among these ‘theories’ is the best? It is almost impossible to
answer this question because each of them is internally coherent, and ultimately it is just
a matter of one’s choice. The theories are proposed at such a highly global level that it is
difficult to judge or verify them. Karl Popper would describe these theories as unfalsifiable,
therefore nonscientific, though meaningful.? The Sophist’s criticism, however, was not based
on this modern notion of falsifiability, but rather on the impossibility of solving the riddle of
the universe. It is impossible because knowledge depends upon the knower. What appears
to be true for one need not be true for the other. There is no objective truth, only subjective
truth. They preached that “man, collectively, is the new corporate entity which replaces
the cosmos; it provides its own measures.”® Thus, man is the measure of all things— Homo
mensura. They repudiated the earlier thinkers in favor of common sense judgments of the

individual. This, to our understanding, is the initial problem of knowledge, challenging the

2Cf. Popper 1963, Conjectures and Refutations: The Growth of Scientific Knowledge, Ch-11, p. 253ff.
3Giorgio de Santillana 1961, The Origins of Scientific Thought: From Anazimander to Proclus, p. 172.
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efforts of knowledge seekers in an uncritical manner.

We think that this challenge remains only partially resolved, from the philosophical
point of view, by Socrates, Plato and Aristotle. However partial their solution may be, from
the point of view of the positive contributions they have made towards the birth of scientific
knowledge, their success consists in creating the initial categories into which a precursor of
scientific knowledge in the form of systematic knowledge started pouring in. We will critically
elaborate the attempts made by these great thinkers starting with Socrates.

The genesis of mainstream epistemology can be narrated by first looking at the
pattern of the Socratic method used to generate knowledge of the universals. The Socratic
method, which consists in asking questions in feigned ignorance and refuting all answers is
in fact identical with the Sophistic method of argument intended to disclose contradictions
in the opponent’s statements or views. But in contrast with the Sophists who seek to prove
that knowledge is impossible in principle, Socrates only comes out against false knowledge.
His goal is to expose false claims to wisdom and lay bare human ignorance.

It is well known that Socrates’ attention was not directed towards knowing the
physical world, because he thought that our abilities to know it are limited. The subject of
his inquiry is human nature. A host of questions raised by Socrates in the early Dialogues
of Plato, which are about virtue, courage, temperance, etc., give us this indication. However
these inquiries have an inherent pattern that was explicitly identified and defined by Plato
in his later Dialogues, i.e., from Theaetetus onwards.

From a study of the early Dialogues of Plato, we now present an account of how the
discovery of the thematic-pair universals and particulars took place.?

The discussion will be conducted, as mentioned above, as a part of the account of
his method, usually called the Socratic method, for the distinction between universals and
particulars become operative in the method. The central concerns of a philosopher can best
be understood by examining the questions raised by them. Here we make use of a study
by Santas on the type of questions raised in Plato’s Dialogues, which in turn is based on
the study by Belnap on the logic of questions. It has been demonstrated by Santas that
in Plato’s Dialogues mainly two kinds of questions are asked, namely, which-questions and
whether-questions.”

How is the classification of questions relevant for our purpose? The answer is that

41t is assumed that the early Dialogues of Plato describes the Socratic position and the later ones his
own. Thus when we use the expression ‘Socratic method’ it is the method enunciated in his early Dialogues
apparently practiced by Socrates, to which we refer. The expression ‘Plato’s dialectic’ refers to the method
formulated in his later Dialogues.

5Santas 1979, Socrates: Philosophy in Plato’s Early Dialogues pp. 72-73.
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it enables us to understand the underlying expectations, and motivations of Socrates while
asking questions. These expectations clearly reveal that he distinguished between universals
and particulars. The following account on which-questions indicates how one can ‘define’ or
fix a universal, and the subsequent account on whether-questions explicates what is peculiar
to the Socratic method, which aims at an ultimately clearer understanding of universals
through the imperfect knowledge of particulars.

Which-questions are non-dialectical and whether-questions are dialectical. This di-
vision is made on the basis of whether the alternatives provided by the question are infinite
or finite and also on the basis of the manner of presenting the alternatives. It must immedi-
ately be made clear that this division is not merely made on the basis of which questioning
expression occurs in the question, but, as we shall see, solely on the basis of the alterna-
tives suggested by the question—whether the alternatives are infinite or finite. This will
become clearer from the examples given below. Examples of whether-questions will be given
later in an extended discussion on the Socratic method (§1.2 page 18), while examples of
which-questions shall be discussed here.

Which-questions allow great latitude to the respondent, therefore these are also
called ‘infinite’ questions.® According to Belnap which-questions and whether-questions are
differentiated on the basis of the manner of presenting the alternatives. In a whether-question
the alternatives are explicitly mentioned, while in a which-question the alternatives are de-
scribed by reference to some condition and an appropriate set of names or terms. To arrive
at any answer the conditions are to be provided, otherwise it would not be clear to the
respondent from what kind or range of alternatives to choose.

In the Dialogues of Plato which-questions, in relation to whether-questions are not
numerous. But it is with a which-question that each of his Dialogue is initiated. The most
famous kind of questions raised by Socrates are which-questions. For example, What is knowl-
edge? (Theaetetus) What is virtue? (Meno) What is courage? (Laches) What is temperance?
(Charmides) What is justice? (The Republic) What is beauty? (Hippias Magjor).

These questions are of the form ‘What is X7’. We could see that no further con-
ditions are given in the question, unlike in a typical example of a which-question ‘What is
the smallest prime number greater than 457°, where ‘greater than 45" provides a condition.
They have only a main term. But as the Dialogue proceeds some conditions are introduced
subsequently by Socrates, in order to delimit the scope of the question and also to clear the

misunderstandings of the respondents.

5Which-questions may also be called ‘what-questions’, however we shall use the term ‘which-question’ since
it is already in use. Cf. Belnap 1963, p. 13, and pp. 37-8.
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An analysis of the which-question and its complete form will throw great light on
the objective of the Dialogues, which is to arrive at a definition of an idea. A preliminary
characterization of universals can be obtained from a longer version of a which-question,
which looks like a typical which-question with generalized conditions. According to Santas

the longer version of the question can be stated as follows:

What is the kind (characteristic, property) which (a) is the same (common) in all
F things, and (b) is that by reason of which all F things are F, and (c) is that by
which F things do not differ, and (d) is that which in all F things one calls ‘the
Fr77

Here (a) and (c) characterize F on the basis of similarity and difference, while (b) and (d)
give reasons for calling some thing/s F. The main part of each Dialogue starts with a which-
question, which defines the scope of the question, and since each Dialogue generally addresses
itself entirely to that very question it defines also the scope of the entire Dialogue. It is not
the terms, like ‘knowledge’, ‘beauty’, or ‘virtue’, that appear in the questions which do this,
but the conditions (a), (b), (¢), and (d) of the longer version of the question form quoted
above. These conditions from (a) to (d) clearly tell us what Socrates is looking for. These
conditions are just those criteria which define the universals. In the language of Plato they
define the Forms, whereas particulars are represented in those conditions as ‘F things’. If
the form of the question is any indication to the thematic-pair guiding the Socratic method
in the Dialogues, it is clearly the thematic-pair universal and particular.

This pair further presupposes certain familiar ideas of similarity and difference, one
and many. Things around us have certain similar qualities, and one quality can characterize
many things. The one is an instance of a universal and the many are called particulars.
This pair thus presupposes the ideas of similarity and difference. However, certain other
significant aspects are involved, but are not clear from the question form explicated above.
One of them is the involvement of a logical operation called negation. The question form
explicated above however does not capture this important logical relation. Through the
mention of difference, as it occurs in one of the conditions above, one might say, the relation
is captured. However picking out examples of a type is most often not a trivial job. Therefore
we think it appropriate to further explicate the conditions (a) to (d) as follows: What is the
kind (characteristic, property) which (a) is the same (common) in all F things and not the
same in non-F things, and (b) is that by reason of which all F things are F, and all non-F
things are non-F, and (c) is that by which F things do not differ, and is that by which F-things

"Santas 1979, op.cit., p. 83.
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and non-F things differ, and (d) is that which in all F things, but not in any non-F thing,
one calls ‘the F’?

This brings out the essential logical relation that is involved in relating a set of
tokens to a type, for similarity cannot be captured independently of difference. It is rather
well known that Socrates displays a tendency to know the examples of some kind, and the
class of objects is delimited by means of separating out those objects that do not belong
to that kind. We conclude therefore that negation is the logical basis of the thematic-pair
universal and particular.

This is how, we can best reconstruct the reasons why Socrates attempts to capture
the essence of a property by means of both positive and negative examples. Of the various
kinds of thematic-pairs this pair of universals and particulars is unique in many ways. While
negation is certainly one of the unique ‘properties’ of the pair there are few other ways of
capturing the uniqueness.

Another significant manner in which the uniqueness of the thematic-pair can be
highlighted is by distinguishing the two levels to which the elements of the pair belong.
Traditionally speaking universals belong to the level of Being, and particulars to the level
of Becoming. Considering the type-token relation of the elements, we can say, in rather
non-traditional terms, that universals belong to the conceptual realm, and particulars to
the object-realm. It can also be said that the former belongs to the intensional level and
the latter to the extensional level. The significance of this characterization gets enhanced
specially in relation to another fundamental thematic-pair of epistemology, genus and species.
After introducing the context in which the notions genus and species enter into epistemology
we will be highlighting this characterization once again.

Let us now consider the significance of these developments in the context of the
Sophists’ challenge. Knowledge of particulars is impossible, since there can not be knowledge
of things that change. Socrates and Plato agree with the Sophists on this point. But, then
they would say the knowledge of universals, i.e. our understanding of the nature and essence
of qualities of things, is unchanging, therefore we can know universals.

This development is interesting, because new objects of knowledge, namely univer-
sals or Forms are defined. To the best of our knowledge the contribution of Socrates and
Plato to epistemology mainly consists precisely in the discovery of universals. To understand
the nature of this move let us look at its character.

The Sophists demonstrated that there is change in the object as well as the subject
of knowledge. How is then knowledge of the world possible? One possible way of finding
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a solution to the problem is to show that knowledge is possible despite the variation in-
volved on the part of the subject as well as the object. One way out is to show that the
variation in knowledge is due to variation in the objects (Becoming), while invariance in
knowledge, if possible can be due to the invariant object (Being). This demands a further
distinction within knowledge into its variable component and invariable component, and also
a corresponding division into the resulting kinds of knowledge. Socrates’ solution consists in
making precisely this kind of move. The variable component of knowledge is named opinion
or dozacorresponding to the knowledge of the variable particulars, and the invariable com-
ponent, episteme, corresponds to the knowledge of the invariable universals. Thus two forms
of knowledge have been distinguished corresponding to its two objects. Socrates and Plato
concede the point made by the Sophists only with respect to the opinion of particulars, and
not with respect to the episteme of universals. This is how we think Socrates tried to meet
the challenge of the Sophists’.

The reconciliation could have been impossible had Socrates not ‘discovered’ the
need for the creation of an idealized world of Forms, and we will see how this step of ideal-
ization is necessary even for scientific knowledge. We will also see below that without this
move the transformation of Pythagorean mathematics into Euclidean mathematics would be
impossible. Details of the precise role of idealization will be discussed later.

Not only that this distinction between objects of knowledge on the one hand and
the distinction between common-sense (opinion) and episteme (systematized knowledge) on
the other hand, was found essential to the development of science, but most of mainstream
epistemology depends heavily upon this distinction.

Is this the only possible way of solving the riddle posed by the Sophists? Aren’t
there other alternatives? We think that there exists at least one more clear alternative.

The other alternative is to suppose that variance or change at the level of objects
is real, not apparent. But this real variance has an order or a pattern in it, such that
that order of variance can be called invariant. Even if the objects of knowledge are of the
changing kind, knowledge is possible, because there is a possibility of finding invariance in
the changing objects of knowledge. This latter possibility, it can be seen, is significantly
different from the previous one, where the invariance is ascribed to an unchanging object of
knowledge, universals. The objects of knowledge are not assumed to be invariant. Instead it
is assumed that the variance has an invariant structure. There may be other alternatives. But
for our purposes distinguishing these two possible answers is sufficient. The epistemological

framework that we are going to elaborate below tries to address the epistemological question
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of the possibility of knowledge based on this second possibility. We claim that mainstream
epistemology, since it is based on the distinction of universals and particulars, can not capture
the essence of changing objects.

Though this alternative also depends on abstracting or idealizing a Form out of
the given, this Form is different in nature from Forms based on the thematic-pair universals
and particulars. We would be basing this Form upon another basic logical relation, that
of inversion, and not negation. The attempt of the thesis is to work out a basis for this

alternative.

1.2 The Method of Socrates

Once universals are taken to be the objects of knowledge new problems crop up.
We have just seen that the thematic-pair universals and particulars was conceptualized in
order to distinguish variable and invariable elements of knowledge. The notion of universals is
not immediately given, for an understanding of this requires a meta-level abstraction. Since
it is held by Socrates and Plato that true knowledge is the knowledge of universals, which
is not easily (‘naturally’) accessible, the acquisition of the knowledge of universals requires
deliberate and conscious effort. Since universals are not like the familiar objects which have
spatial and temporal properties, they cannot be ‘looked’ at directly.

This problem is very acutely recognized by both Socrates and Plato. Their answer
briefly is that the knowledge of universals can be gained only by conscious effort, and the
effort consists of an ordered search towards reaching universals. Knowledge of universals like
scientific knowledge cannot be obtained without some form of training. Indeed unless some
sort of difficulty is involved in the acquisition of such knowledge the question of method does
not arise. For it makes little sense to conceive of a method when the objects of knowledge
are immediately and naturally grasped. With these comments about the need for a method,
let us look at the essential aspects of the Socratic method.

Two stages can be identified in the Socratic method. In the first stage, the questioner
elicits from the respondent what he thinks he knows by asking a question. His answers
are then taken as suggestions or hypotheses, which are criticized by deducing consequences
conflicting with other opinions the respondent holds by a series of questions and answers.
The second stage proceeds by the same method by considering fresh suggestions, criticized

and amended until it reaches an end, which is the correct definition of the form.3

8Cornford 1935, Plato’s Theory of Knowledge: The Theaetetus and the Sophist of Plato, p. 184.
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In this method, the role of a which-question is mainly to elicit from the respondent
what he thinks he knows. The conditions that form part of the question, as elaborated above,
play the actual role of regulating the thinking of the respondent toward understanding the
meaning of an idea. To have an understanding of an idea is to be able to explicitly define
it. A notable feature of these conditions is that they are ‘known’ to the respondent, in the
sense that he understands the meaning of the conditions. This is the most significant and
essential feature common to most of the methods proposed for arriving at knowledge, i.e.,
moving from the known (familiar) to the unknown (unfamiliar). Not surprisingly, it is also
an essential element of any pedagogy.

Coming now to the other type of questions, i.e. the whether-questions or the di-
alectical questions, they are those for which generally either ‘yes’ or ‘no’ are the appropriate
answers. Usually the alternatives presented in these questions are a proposition and its nega-
tion, or they state explicitly a finite number of alternatives and make some request to the
respondent concerning these alternatives. In Plato’s Dialogues these constitute the majority
of Socrates’ questions. Some examples of dialectical or whether-questions raised by Socrates
are: “Don’t you see that I am looking for that which is the same in all such things?”? “Do
you suppose that anyone can know that something is an element (part) of virtue when he does
not know virtue?”'? “Do you consider that there is one health for a man, and another for a
woman? Or, wherever we find health, is it the same nature (or kind) in all cases, whether in
a man or anyone else? ... Is it not so with size and strength also?”!!

The role of whether-questions is to help the respondent to see for himself (a) how
some of his answers contradict his more secure beliefs and (b) to see the worth of certain
alternatives by demonstrating how the response fits with common beliefs. It is in the course
of raising whether-questions and answers, which constitute the major part of the Dialogue,
that definitive answers are arrived at.

It is well known that the Socratic method is dialectical. It can also be characterized
as inductivo-deductive for it has both the elements of induction and deduction.'? The method
is inductive in the sense that it lays emphasis on grasping the commonness of a given set of
particular opinions. It is deductive in the sense that the proposed commonness of a Form is

tested by drawing out its consequences, to see whether they ‘cohere’ with commonly accepted

9 Meno 75.

10 Meno 79.

1 AMeno 72. More examples of both kind of questions raised by Socrates are in Santas 1979, pp. 59-65.

2However Karl Popper would not accept this interpretation, for he characterizes the Socratic method as
hypothetico-deductive or as a method that follows conjectures and refutations. Cf. Popper 1963, Conjectures
and Refutations.
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beliefs. However from this, one should not jump to the erroneous conclusion that Socrates
characterized his method to be either inductive or deductive, for he never gave a meta-level
analysis of the method he practiced and preached. It was Aristotle who explicitly identifies
the two logical methods. We will come to this a little later.

The initial developments of epistemology thus consist in the discovery of universals,
and a method of arriving at them. The most important contribution of Socrates in this
context is the coordinate set of abstract thinking, universals and particulars, which continues
to regulate and structure philosophical reflection since then. The kind of amplification in
philosophical reflection that took place after Socrates is undoubtedly due to this coordinate
set. It is an instance of a fertile philosophical idea that is responsible for the proliferation of
other philosophical ideas. The most significant developments that result from this coordinate

took place in the hands of Plato and Aristotle.

1.3 Plato’s New Dialectic

Plato develops his edifice upon the foundation prepared by his teacher Socrates, and
one of the most important ‘brick’ in that foundation, as already stated, is the idea of universal
(and particular). Plato’s views about the questions ‘What can be or cannot be known?’ and
‘What are the criteria of knowability?’ are to a large extent similar to the views of Socrates.
Let us recall from the above discussion that to know, according to Socrates, is to be able
to give an explicit definition of the universal (Form). An ‘advancement’ over Socrates is
that Plato introduces a distinction between two kinds of Forms, simple and complex. There
are enough indications to believe that Plato, in the course of time, clearly made up his
mind about the need to further distinguish universals, for he thought that if the objective
of episteme is not only to arrive at universals but also to characterize them by definition, it
is necessary to show how one Form relates to another Form. And the notion of definition
requires that the definiendum be analyzed into simpler elements. His dialectic differs from his
teacher’s in this significant respect. Thus after Theaetetus, Plato’s attention turned from a
group of individuals (particulars) with its common Form (universals) to the relations between
Forms themselves, and specifically the relations between Forms that occur in the definition
of a Form.!3 The method of arriving at the complex Form or genus and dividing it into its
ultimate simple Forms or species has been formulated in the new dialectic as the methods
of synthesis and analysis respectively. Thus to our understanding Plato’s dialectic is one of

the first comprehensive methods which has incorporated both the contexts of ‘discovery’ and

13Cornford 1935, op.cit. p. 185.
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‘justification’, and it is here that we see the rudiments of the method of analysis, which has
become part and parcel of scientific method ever since.

One may raise the question: ‘Why was the need felt for introducing the genus-species
distinction?’. The supposition, as mentioned above, is that knowledge is about Forms, and
true knowledge consists of a description or a characterization of Forms. The nature of this
characterization is such that to describe one Form we need other Forms, for only Forms
can combine to form Forms. Particulars can combine to give rise to another particular, but
can never become a Form. This is because, according to Plato universals and particulars
cannot belong to the same world. While particulars are accessible to the senses, universals
are accessible only to reason.

One may raise also the question ‘Why is Plato after definitions of Forms or uni-
versals alone, why not define particulars or individuals?’. We cannot raise the question of
defining particulars, Plato would answer, because they are, by nature, not definite or deter-
minable. A definition would use the term ‘is’ or ‘being’, which can only be applied to ‘Beings’
and not ‘Becomings’. Since ‘Becoming’ is associated with ‘being produced’, ‘perishing’, and
‘changing’, Plato refuses to use the term ‘is’ or ‘being’ to individuals which are ‘Becoming’. ™
Thus we see that the epistemological thematic-pair universal and particular is related to the
corresponding ontological thematic-pair Being and Becoming. Since ‘Being’ is immutable,
definite etc., only universals which are Beings can be defined. For Plato, definability is a
criterion of knowability. Hence sensible particulars are not the object of episteme.

Here we shall briefly see how the changes mentioned above have come about leading
to the dialectic, a method of conceptual analysis.

Plato’s earlier conception about Forms is that they are indivisible ( atomon) and
simple. But he realises at the end of Theaetetus that the objects of knowledge (Forms) are
complex, for a definition is an analysis of a complex Form into simple Forms. Socrates, it
seems, is not aware of the contradiction between the views that universals be simple and
and that they be defined. But, Plato realising this, abandons the earlier view that Forms
are absolutely simple and indivisible. It is clear that this is a natural consequence of any
view which requires that the object of knowledge be defined. Since definition should not
be by enumeration of particulars, the Form to be defined and also the Forms with which it
should be defined are all to be found within the world of Forms, he has to make some of the

Forms simple and others complex.'® It follows from this that simple Forms cannot be defined,

" Gulley 1962, Plato’s Theory of Knowledge p. 80.
5 Though it was found impossible by Plato, definition by enumeration specially in the context of learning,
is not uncommon. Ostensive definition, specially discussed in the context of a critique of empiricism by
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and hence cannot be known by the method. With this added distinction all the sufficient
conditions (sufficient concepts) are available for him to formulate the method of synthesis
and analysis. What constitutes the method of analysis? The method of analysis as described

by Socrates, (Plato’s mouthpiece) in Philebus is as follows:

[Wle ... ought in every enquiry to begin by laying down one idea of that which is
the subject of enquiry; ... Having found it, we may next proceed to look for two, if
there be two, or, if not, then for three or some other number, subdividing each of
these units, until at last the unity with which we began is seen not only to be one
and many and infinite, but also a definite number; the infinite must not be suffered
to approach the many until the entire number of the species intermediate between
unity and infinity has been discovered,then, and not till then, we may rest from
division, and without further troubling ourselves about the endless individuals
may allow them to drop into infinity.'6

Thus, the proposed method of analysis starts with a single genus, which will be divided
systematically spreading downwards on the basis of differences (differentia) until an indivisible
species is obtained. Below the species are individual things (particulars) which partake of the
indivisible specific Forms. These individuals however are indefinable and are not the objects
of scientific knowledge (systematic ordering of Forms).!”

But this does not mean that comprehension of particulars is not possible. Plato
does allow the possibility of having opinions about particulars, and what he does not allow
is the possibility of systematic knowledge of particulars. It may be pointed out that some
authors have rendered ‘episteme’ as scientific knowledge. But since there is a clear difference
between ‘scientific knowledge’ as used in the modern sense of the term and the Platonic sense,
we shall use the expression ‘systematic knowledge’ for Plato’s episteme.

The method of analysis, however, should be preceded by the method of synthesis or
collection. In the method of collection we take a synoptic view and bring widely scattered
things under one idea, so that one may make clear by definition whatever it is that one
wants to expound at the time, while the method of division allows us to be able to cut it
up at its natural joints, not hack at any part like an incompetent butcher.'® The method of
collection is a process of generalization and abstraction culminating in the recognition of a
single common Form.' Thus it fixes the genus to be analyzed.

But no methodological or systematic procedure is possible in collection. The idea

Wittgenstein, belongs to this category. Cf. Wittgenstein 1953, Philosophical Investigations.
1% Philebus 16.
7Cf. Cornford 1935, op.cit. pp. 186-87, and also Gulley 1962, op.cit. p. 110.
18 Pheadrus 265.
Y Gulley 1962, op.cit., p. 108.
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must be divined by an act of intuition for which no rules can be given.?° Then, why call it
method? We can still call it so, because this stage is said to be closely related to the method
of hypothesis and the Socratic method on the one hand and to the theory of recollection on
the other.?!

Plato’s latter account in Republic clearly shows an element of the hypothetical nature

in the method of collection.

[Ulsing the hypotheses not as first principles, but only as hypotheses—that is to
say, as steps and points of departure into a world which is above hypotheses, in
order that she [reason] may soar beyond them to the first principle of the whole;
and clinging to this and then to that which depends on this, by successive steps
she descends again without the aid of any sensible object, from ideas through
ideas, and in ideas she ends.??

Here we see not only the hypothetical nature of the method, we also see how it is linked with
the complementary method of analysis, which operates above all kinds of indefiniteness.

This in a way looks like a hypothetico-deductive schema of Popper. However, at
least two striking differences should be looked at. First of all Plato has a method of collec-
tion, which contains inductive elements of the Socratic method, while Popper goes to the
extreme by rejecting any possibility of the synthetic method. Popper’s arguments against
induction, along the lines of Hume, are rather well known. Second, Plato’s analysis is with
respect to Forms, and as the above quotation reveals, it starts and ends in ideas, while in
Popper’s hypothetico-deductive schema we have general and particular statements, where
particular statements are reports of sensory experience. Plato’s dialectic, as we have already
mentioned, has no such objective to describe the objects of perception given by sensory expe-
rience. Further Plato’s episteme is not Popper’s scientific knowledge. We think that Popper’s
epistemology is unique in the sense that it is an epistemology minus synthesis, though this
development has a history, while Plato’s is evidently analytico-synthetic despite lacunae.

It is worth noting that the method of analysis is clearly an original feature of Plato’s
dialectic and has no clear place in the Socratic method, for it was never discussed in the
earlier Dialogues. The only possible rudiment of the method of analysis in the Socratic
method is when, intermittently, while leaping towards the universals from particulars, there
is an attempt to see if the ‘leaps’ are proper by enumerative examination, to see whether

the consequences are contradictory to common belief. It is possible, therefore, to argue that

20Cornford 1935, op.cit., p. 187.

2'Here we find that Plato’s position sounds like Karl Popper’s, however these positions are markedly different.
See the discussion below.

22 Republic, 511.
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the Socratic method is a method of arriving at ideas (synthesis or discovery), which fixes
universals, and the method of analysis, which is ‘deductive’, is a method of confirmation or
Justification. It ensures that the result of the former method is coherent (or true). Analysis
takes place purely within universals. This is possibly the beginning of conceptual analysis
and systematic knowledge, and also a step essential for the development of logic. In the
Republic Plato makes the point very clear that the method of analysis proceeds ‘without the
aid of any sensible object’ that it starts from ideas, through ideas and in ideas it ends. On
this point the two complementary methods on the one hand, and Plato’s dialectic and the
Socratic method on the other hand, differ.

What is the application of the method apart from the claim of gaining a clear
understanding of the world? The knowledge of the new dialectic will guide the progress of
actual discourse; it is the philosopher’s science of dividing correctly. An expert in dialectic
will not confuse one Form with another. In the Sophist the Stranger speaks about the utility

of the method as follows.

[H]e who can divide rightly is able to see clearly one form pervading a scattered
multitude, and many different forms contained under one higher form; and again,
one form knit together into a single whole and pervading many such wholes, and
many forms, existing only in separation and isolation. This is the knowledge of

classes which determines where they can have communion with one another and

where not.2?

Here we see a glimpse of what Plato has in mind regarding the objective and the outcome of
episteme.

We shall see below that for understanding the nature and structure of scientific
knowledge, the notion of complex universal (“single form knit together into a single whole
and pervading many such wholes, and many forms”), is inevitable. We shall interpret a
scientific definition to be a complex predicate, ‘truly’ attributable only to an idea or ideal
system. According to the semantic view of theories, a version of which is being defended
in the thesis, modern scientific definitions are taken to be complex predicates or models
attributable to an idealized system. (Details are worked out in Chapter 5 and 6.)

From this point of view Plato’s contribution with regard to the detailed structure
of Forms, interrelating one with the other, can readily be seen as highly significant. However
we will base our analysis of non-Platonic (modern) scientific definitions not on the relation
between genus and species, but the inverse relation between universals. This is not to say

that modern science has no definitions relating genus and species. The whole of taxonomic

23 Sophist, 283.
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systematization of various elements of natural science is in the form of Plato’s world of Forms.
In the present thesis, however, we will specifically concentrate on inversion based relations
between special kinds of Forms which we call dimensions. It is also important to make another
distinction for our purposes which is that the analysis that we find in this world of Forms,
will be taken as conceptual analysis, as contrasted with the analysis of arguments where the
elements are not Forms but statements or judgements. We will shortly see how Aristotle
‘invented’ an analysis of judgements, as contrasted with Platonic analysis of concepts. Before
we turn our attention to another master’s contributions, we first recapitulate, and then end
with a statement of what is going to come.

If one looks at the general picture of philosophical speculation after Socrates and
Plato, we find that a new abstract level is created ‘above’ the concrete. This is not to
say that thinkers before them did nothing abstract. But the difference, according to our
understanding, is that the abstract entities and relations ‘invented’ were given the same
place along with other ‘corporeal’ things. When Pythagoreans, for instance, abstracted out
the notion of number, they held that what they see in reality are numbers, for they did not
postulate an independent world of numbers. Both apparent and real aspects are seen in
a ‘undivided’ region. Plato’s picture, on the other hand, consists of an independent world
order of Forms, distinct from the unreal world of particulars to which we have access through
sensations. Metaphorically we can describe the development as follows: Before Plato, thinkers
thought that both Being and Becoming ‘occupied’ the same plane, while after Plato, we can
say that there are two planes, one of Being and another of Becoming, one above the other

with a gap in between, as shown in the figure 1.1. This development certainly helped in a
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Figure 1.1: Picture of Epistemology After Plato

remarkable manner, catalyzing a new stream of philosophical development, specially those



1.3. Plato’s New Dialectic 25

that are essentially based on thought or abstraction, such as dialectics, formal logic, grammar
etc., but the gap between the planes eventually became a gulf, generating in due course wide
ranging epistemological problems.

Philosophers disagreed about the ontological status of the planes. Which plane
is virtual and which real? Plato, as is well known, argued for the reality of the upper
plane. Aristotle made the upper plane a nous dependent world, and the lower plane real
and independent of the nous.?* This gave rise to the problem of realism. Philosophers
also disagreed on the problems related to the content of universals. Plato argued that the
objects of the upper plane are the objects of scientific knowledge, while Aristotle argued that
the upper plane is an essential ‘instrument’ for having scientific knowledge of the objects
belonging to the lower plane.

Plato denied any logical relation between particulars and universals, consequently
propositions for Plato are only relations between universals. Aristotle invented a heteroge-
neous relation between them in the form of thematic-pair subject and predicate, necessary for
forming a judgement or statement. (The Stoics also have a possible hand in this invention.)
The formal logic of categorical statements is based on this heterogeneous relation.

Before we consider the other important thinker, Aristotle, a few observations are
in order regarding the place and role of particulars in the methods of Plato and Socrates,
the role and place of universals being secure in their method. This is found necessary be-
cause Plato’s preoccupation with universals and his seemingly idealist or rationalist position
has overshadowed the usual discussions to such an extent that his epistemology has been
portrayed as one that does not in principle give any significance either to experience or to
particulars. There are certain apparent pointers to show that he does not appreciate the
role played by particulars. However we will see that these hints are misleading and have
led to incoherent portrayals of Plato’s thought. By carefully following the role played by
particulars in the process of the method of recollection (the method of synthesis) leading to
the discovery of knowledge of universals, we shall try to show that Plato did not deny the
role of experience and of ‘opinion’ of particulars in the process. Without this, the method,
which is characterized as dialectical remains bereft of one of its complements. M.F. Burnyeat
has argued that Plato did not depreciate the role of particulars in his method.

The mistaken view of particulars must have emerged due to Socrates’ disapproval

of definition of forms by way of examples. Whenever examples are given as an answer to

24 Aristotle’s disagreement with Plato is also in terms of the metaphysical status of universals and particulars.
He regards particulars as ‘containing’ both form and matter. Their views on ontology can be contrasted by the
labels universalia ante rem (universals prior to the objects) and universalia in re (universals in the objects),
where the former is Plato’s and the latter Aristotle’s conception.
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Socrates’ which-questions by the respondents, he ridicules them on the ground that they
are not answers to his question. For example Theaetetus responds to Socrates’ question
‘What is knowledge?’ by giving examples such as geometry, the art of the cobbler and other
craftsmen.?® To that Socrates replies that that is not the kind of answer he wants. He
illustrates to Theaetetus the nature of the answer that he is looking for. To the question
‘What is clay?’, to reply that clay is potter’s clay, oven-maker’s clay, brick maker’s clay etc.,
would be ridiculous. He says a desirable answer would be that clay is moistened earth.?® This
illustration is usually cited as that which demonstrates a depreciatory role for particulars in
the method.

Socrates disregards examples even as a preliminary answer to the question “What
is knowledge?’. Why? Because he considers that to know or to understand is to be able
to give a explicit definition of the Form or universal. A definition of a Form cannot be
obtained by enumeration. He says so because we may have learned to use a name for a
collection of things, without ever giving a thought to the question of what is common in
that collection of things. The philosophical turn that takes place with Socrates and Plato, to
our understanding, consists precisely in this. They have seen a possibility of talking about
something other than the common name that stands for all the examples—a non-trivial
characterization that describes the common quality applicable to a collection of things.

To arrive at this sort of understanding giving attention to examples (particulars) is
necessary in Plato’s dialectic. This is clear from the way Socrates examines various definitions
suggested during the Dialogues. The definitions suggested are examined with reference to ex-
amples. He only insists that the commonness of all examples be explicitly stated. Sometimes
he himself would add examples to help the respondent. He rejects examples only because
examples alone do not constitute knowledge or an adequate definition. He regards them as
data from which a definition is to be reached by a process of ‘leaping’ generalization. There
are enough indications to believe that this is an inductive leap. (Aristotle characterizes the
Socratic method as inductive.) Socrates explains that if the definition of an idea is known
then we will be able to tell what is and what is not an example of the idea.?”

Plato held that the knowledge of Forms is present in us in dormant state, and it
can be brought back to our consciousness by the help of the method of dialectic.?® There
are certain ‘facts’ which upon initial consideration appear unfamiliar, even incredible, but

after, attending to them by pure reason, they appear self-evident. This is usually experi-

25 Theaetetus 147.
26 Ibid.

2T Buthyphro 6.

28 Meno 81ff.
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enced with regard to mathematical ‘facts’. This is the nature of the truth that is achieved
after recollection. In Plato’s dialectic, as well as in the Socratic method, one property of
method that is mentioned above is necessarily present, which is to help learning, either in
oneself or to others. This process is never complete without the knowledge of particulars
(examples), for how could one judge whether there is real understanding or consistent rule
following behavior??? So it is one thing to say that Socrates and Plato argued going beyond
opinions about particulars (examples) and consequently have lowered the rating of opinion-
ated knowledge, but another thing to say that particulars have no role to play in the dialectic.
The former statement applies to Plato’s view but the latter does not. Without the method of
recollection, where sensory experience of particulars has a definite role to play in the process
of generating knowledge of Forms, Plato’s dialectic is incomplete. It is, we think, correct to
say that for Plato sensory experience and eventually the knowledge of particulars plays an
instrumental role in gaining the real knowledge of Forms. We shall see below that Aristotle

differs with his master on this issue in a subtle way.

1.4 Aristotle’s Empirical Method and Logic

Before we go on to a statement of Aristotle’s method of scientific demonstration, it
is worthwhile to compare him with his master, for he disagreed on crucial matters and it is
from these disagreements that his method, which is generally considered the real scientific
method, emerged.

The most crucial difference is with regard to the status of the dialectical method.
Aristotle differentiates two kinds of methods, viz. the empirical and dialectical methods.
Empirical inquiry begins from perception, followed by induction and generalization, and tests
theories by appeal to experience. Dialectical inquiry is initiated from common beliefs, followed
by raising and solving puzzles, and tests theories amongst common beliefs.?0 Philosophers,
according to him, argue according to the truth which is known by nature, and we can reach
this by the empirical method. Dialecticians on the other hand argue according to common
belief.3!

Why did Aristotle demand two distinct methods? An answer to this question can

2The latter Wittgenstein argued that understanding does not consist in anything more than following
a rule consistently. He criticized Socrates in The Blue Book, for being so obsessed with discovering the
essence of knowledge that he refuses to look at Theaetetus’ examples. For a detailed argument against
Wittgenstein’s view of Socrates, cf. Burnyeat 1977, Examples in Epistemology: Socrates, Theaetetus and G.FE.
Moore, pp. 381-383.

30Cf, Trwin 1988, Aristotle’s First Principles p. 26.

31 Ibid., p. 534, nl4.
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be furnished if we understand the intent of some of the new divisions he introduced, his major
differences with Plato, and some of his original, and positive contributions to philosophy and
logic.

Aristotle’s differences are based on the fundamental distinction between substance
and quality. Aristotle thinks that, dialectic fails to yield scientific knowledge because it deals
only with attributes, let loose from the beings to which they are attributed. In Metaphysics,
for instance, he says, “dialectic and sophistic deal with the attributes of things that are, not
of things qua being, and not with being itself in so far as it is being; ... 732 Here Aristotle
is pleading for a distinction between attributes on one hand and substance on the other
reintroducing the thematic-pair, substance and quality, prevailing in the thinking of Thales,
Anaximander and Anaximenes.??

More significantly Plato and Aristotle differed on the notion of definitions. Def-
initions, according to Aristotle, are statements of essence of a substance which inheres in
it, while for Plato they represent the way in which a particular Form is related to other
Forms. For Aristotle’s predecessors no definition of substance is possible, since there was no
‘being-what-it-is’, and therefore they were not knowable. M. Grene justifiably maintains that
Aristotle’s predecessors including Plato were unable to unequivocally state the prerequisite
for the establishment of scientific knowledge. The prerequisite is real definition in contrast
to conventional definition. Plato’s definition ultimately depends on conventions held by the
community because, as mentioned above, Plato’s dialectic is initiated by common beliefs. A
real definition is a statement of the essence of things, belonging to the lower plane, and it
speaks of “the peculiar substance of each thing, and what it is to be that thing”. Aristotle
contends that substances fall naturally into classes in such a way that we can specify, in
carefully chosen formulae, their essential natures.3?

With this added distinction Aristotle classifies universals into accidental and essen-
tial. This new distinction should not be viewed as an alternative to Plato’s distinction of
Forms into genus and species. Aristotle also holds this Platonic division of universals. The
object of scientific knowledge is to know the essence of things by discovering real definitions,
and the knowledge of the essence is obtained through universals. Besides the essence inheres
in particular substances. Certain universals which describe a thing without referring to its
essence, are accidental; these do not constitute the objects of scientific knowledge. This is a

point of difference with his master who believes that all universals have a world of their own

32 Metaphysics 1061 b 4-11.
33For details of the views of these thinkers see Chapter-7.
34Grene 1963, A Portrait of Aristotle p. 81.
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and are the objects of scientific knowledge.

The character of this transformation in view, rather an inverted view of Aristotle,
is that scientific knowledge is about the essence/s present in the lower plane, while Plato’s is
about the Forms present in the upper plane. (See figure above.)

There is another point of difference between Plato and Aristotle with regard to the
dialectical method and the scientific method, which is very crucial for understanding the
nature of scientific knowledge, in the modern sense of the term. This is in relation to fixing
the subject-matter. The demonstrative arguments of the scientific knower, on the other hand,
predicates essential attributes of a carefully restricted subject-genus. The dialectician does
not restrict his subject. He maneuvers the argument to his advantage whatever the context
of his argument. Therefore, dialectical arguments, though formally valid, are baseless and
unscientific.?® Aristotle says, in Posterior Analytics, that we should not try to know the

whole of existence, the summum genus, through scientific method.

We can never know anything about anything, as distinct from having opinions
about it, unless we cut out one limited subject-matter out of a wider range and
restrict ourselves to it.3

Plato on the other hand seeks definition, against a background of indefinite flux. Grene

presents the difference between the two methods cogently as follows:

The unambiguous predications of science are possible only because things sort
themselves out naturally into kinds; knowledge results from the mind’s response to
such natural groupings. Transcend them and you transcend the limits of univocal
speech, which are the bounds of science. You have strayed beyond the well-

fenced limits of the being-what-it-is and are lost in the quicksands of dialectic

once more.37

We will see below that one of the important differences that can be found between the pre-
Platonic inquiries and post-Aristotelian inquiries consists precisely in this point of confining
oneself to a subject matter. Problems of inquiry are defined within the limits of this local,
vis d vis., global, domain of inquiry. Without localization, essentially paradigmatic science
cannot be said to have begun. In this sense, the earlier conceptions about nature before
Plato, and of Plato, can not be called proper scientific knowledge.

It is therefore claimed in the thesis, that despite Aristotle’s failure in arriving at

correct scientific conceptions, his successful contribution in directing the attention of scholars

35Cf. Grene 1963, op.cit. pp. 190-191.
36 posterior Analytics 97 a.
3TM. Grene 1963, op.cit. p. 87.
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towards problem oriented research can be rated as a revolutionary suggestion. We will see
in detail his specific suggestions in the Case Studies. Aristotle had very strong ground to
differ from Plato on certain basic assumptions. There is another dramatic development by
Aristotle, which is regarding the kind of relation that is admissible between universals and
particulars.

It is one of the unique features of Aristotle’s philosophy that while Plato associated
universals and particulars with the thematic-pair Being and Becoming, Aristotle associates
them with the thematic-pair subject and predicate. This is an indication of his attention
towards statements and language. Unlike Plato, Aristotle concentrates on statements as
elements of his study. Plato’s interest was either on a single idea or on relationships between
ideas. This is not to say that the Platonic association is not accepted by Aristotle, for he never
rejects the distinction between Being and Becoming. Rather he continues to think with the
same metaphysical orientation, though he prefers for a very important reason, which becomes
clear as we proceed, to use the terms ‘Form’ and ‘Substance’.

Nothing is available in Plato’s works in favor of subject-predicate distinction. Be-
sides he would not have agreed with this distinction to be associated with universals and
particulars, because, according to him, a statement is an instance of a blending or ‘weaving-
together’ of Forms.?® That is, it is a combination or synthesis of two or more universals.
This point is significant because we can distinguish only two significant ways of relating
Forms in Plato’s philosophy, granting his view on statements, viz., part-whole relation and
identity relation. All non-definitional statements are statements relating genus and species.
For example, ‘Man is an animal’ means the species Form ‘Man’ is a part of the genus Form
‘Animal’. And according to Plato if the Forms are ‘properly’, i.e., coherently combined, they
are true, otherwise false—a coherence theory of truth. All definitional statements on the
other hand are statements where a Form is defined by identifying it with the combination of
Forms that define it. For example, in the statement “Man is a rational, biped, animal” the
Form ‘Man’ is identical with the synthesis of the Forms, ‘Animal’ + ‘Biped’ + ‘Rational’.
This can appropriately be termed a chemistry of Forms.

It is necessary to digress and make an observation here about a deficiency of Plato’s
conceptual analysis, which is dubbed as a chemistry of Forms. This is with regard to the lack
of any scope for stating invariance of changes in the Platonic framework. Modern natural
science captures the Form of Becoming (variable and changing phenomena) by discovering

the invariant proportionality relations between variables. It it however clear that Plato has a

38 Cornford 1935, op.cit. p. 266.
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reason for not searching for this. As mentioned above Plato is working out one of the possible
options, and certainly not the only possible option, of responding to the Sophists’ challenge.
For Plato Forms represent invariance, therefore the question of entertaining a possible science
of variations is inconceivable in his theory of knowledge.

Even in Plato’s metaphysics, as presented in Timaeus, where a mathematical Atom-
istic theory of reality is proposed, what we see is that Beings are allowed to combine and
separate giving rise to a variety of species. Despite his mathematical maturity he could not
foresee the other possibility of a Form ‘within’ variations. To our understanding he was ob-
sessed with his discovery of Forms, with the ‘one over many relation’, and can not see the
possibility of ‘one to one relation’, necessary for capturing the Form of functions based on
proportionality.

Aristotle makes a genuine attempt, though ultimately he too fails, to study a science
of motion in De Caelo, and Physics. An attempt to explain his failure is made in the Case
Studies. Let us return to the Aristotle’s views on the subject-predicate relation.

Aristotle’s views on predication are more elaborate and different from Plato’s. The
difference is not merely that he allows a subject-predicate relation between universals and
particulars, he furthermore insists that the subject of a statement can refer to either a Sub-
stance or a Form, but the predicate of a statement should necessarily be a Form. He says in
Metaphysics (1017 b 10-14) that Substances are not said of a subject. One of his criteria for
recognizing a Substance from Form is that it be a basic subject.?

Since anything that can be said of something else as its subject must have some
kind of generality, i.e. it can be said of other objects also, and since only universals can
have this character, only universals can act as adjectives. “An adjective which could be used
only on one unique occasion would not function as an adjective; and the something unique
it designated would not be something sayable of a subject.”0 Therefore all things that are
predicable of subjects are non-individual.

On the basis of the condition ‘present in a subject’ (inherence) we can distinguish
between two kinds of individuals, dependent and independent individuals, things that do not
exist by themselves and things that do. Those things which are individuals and independent,
e.g. this man, this horse etc., are first substances. These are the ultimate subjects in which
dependent individuals (individual accidents) are present, and of which other predicates are

said. Scientific Knowledge depends wholly on the right application of predicates, which are

39Similar statements suggesting the same are found in Categoriae, where the fourfold division of things is
discussed. Grene discusses the relevance of fourfold division of things for science. (Grene 1963, op.cit. p. 73.)
40 13
Ibid., p. 73.
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general, to kinds of substances, which are also general. Thus science can approach as far as
independent individuals, while dependent individuals, being accidental, cannot be approached

by science. Thus Grene writes:

The propositions which constitute a science are univocal statements attributing
certain characteristics to certain kinds of substances. ... In order to establish a
science of some subject matter, we must take a natural class of first substances,
and elicit from some other category or categories, also at appropriately generalized
levels, the right predicates for the characterization of its essence.*!

A correct relation between a class of first substances and an appropriately chosen predicate
produces a real definition. Let us recall that, according to Aristotle, a real definition is the
prerequisite for the establishment of scientific knowledge, and that it is a statement of the
essence of the thing defined.

Another most remarkable achievement of Aristotle is that almost single handedly he
developed the foundations of formal logic. Though Aristotle’s logic is limited to Categorical
propositions, it is nevertheless a landmark achievement in the history of ideas. Our concern
here, however, is to highlight the too obvious point that unlike the conceptual (philosophical)
logic of Plato, Aristotle’s syllogistic logic is a logic of statements of the subject-predicate
form. It is important to make this observation that this logic, like most of modern logic of

statements, is based on the principle of non-contradiction.

The same attribute cannot at the same time belong and not belong to the same
subject and in the same respect.??

The crux of the proposal of the present work lies in presenting a visualization of a possible
logic of construction based on the logical relation of inversion, which has at least three
contrasting characters with the deductive logic. First, it is not based on the principle of non-
contradiction, second, it is not a logic of statements, and third, the outcome of the inference
is not a statement but a constructed structure. Detailed characterization, and argument will
be presented in Part-II, and Part-III.

Having noted the main thematic features of Aristotle we shall highlight certain
important features of his scientific or empirical method, which can be regarded as one of the

first scientific methods.

4 Ibid., pp. T7-T8.
42 Metaphysics, 1005 b 19-20.
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1.5 Aristotle and the Joint Method

Aristotle talks of ‘the right method of investigation’ in the Posterior Analytics (Bk.
II, ch 13), which “starts by observing a set of individuals, and considers what they have in

common”,*® and then examines another set of individuals, generically identical, and so on

till we arrive at a ‘principle’. 44

This is the description that he offers for the starting point of the method of investi-
gation, which is clearly induction — from particulars to universals. This is Aristotle’s second
level of induction which makes use of the ‘products’ of the first level of induction. The first
level fixes the universals and the latter the first principles or real definitions. According to
the traditional method of investigation we arrive at the knowledge of the unknown (first prin-
ciples) from known (the knowledge of the universals). The knowledge of the universals comes
from intuitive faculties of human being or nous, which includes the operation of perception,
experience and memory. Knowledge of the first principles depends on nous. The first step
does not require the expertise of the investigator, in the sense that he need not consciously
use his faculty of thinking. In the sense explicated above about the nature of method, this
first step cannot be properly regarded as a methodological step. Aristotle says the following
regarding this first level of induction.

[All human beings] have an innate faculty of discrimination, which we call sense-

perception ... after the act of perception is over the percipients can still retain
the perception in the soul.*

If this happens repeatedly a coherent impression is produced, thus giving rise to memory.
And repeated memories of the same thing constitutes experience, i.e., memories of a thing
may be many but they constitute a single experience.

And experience, that is, the universal when established as a whole in the soul -

the One that corresponds to the Many, the unity that is identically present in
them all - provides the starting-point of art and science.*6

These faculties arise from sense-perception, just as, when a retreat has occurred in battle,
if one man halts so does another, and then another, until the original position is restored.
The soul is so constituted that it is capable of the same sort of process. Up to this point

Aristotle is talking of the first level of induction, which is a prerequisite for the second level

430ur italics.

“Here individuals can be safely interpreted as particulars, though they are not interchangeable in all
instances.

45 posterior Analytics 99 b25-100 a 14.

0 Ibid.
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of induction, which alone is a part of the joint method of scientific investigation. Regarding

this Aristotle (100 a 15-b 5) says:

As soon as one individual percept ‘has come to a halt’ in the soul, this is the first
beginning of the presence there of a universal ... Then other ‘halts’ occur among
these (proximate) universals, until the indivisible genera or (ultimate) universals
are established. E.g. a particular species of animal leads to genus ‘animal’, and
so on. Clearly then it must be by induction that we acquire knowledge of the
primary premises, because this is also the way in which sense perception provides
us with universals.

Thus the path to the first principles is inductive. Clearly the processes that the term ‘induc-
tion’ designates in modern and Aristotle’s sense are so different. This is more akin to the
method of synthesis in Plato’s dialectic, except that it is rooted in sensory experience, while
in Plato this is aided by hypothetical ‘leaps’.

After fixing the genus by induction, he describes how a definition can be established
through the method of division in Ch.13. The investigator begins with the subject-genus
and divides it carefully to get the order of differentia correct, checking that the divisions are
exhaustive and that members of the species being divided all lie under one branch of the
genus.?”

This latter method of division, as we clearly see, is akin to that of the method of
analysis in Plato’s dialectic. But, one thing we must bear in mind, which is that Aristotle
provided only hints and no explicit statements in this regard, and is therefore subject to
the whims of the interpreter. Nevertheless a few points are clear: The induction should
precede the method of division. The inductive method arrives at the definition, while division
establishes it. Induction moves from the particular to the general, and division from the
general to the specific.

Interpretations offered by the Italian Aristotelians of the school of Padua suggest
that Aristotle is the champion of the joint method of analysis and synthesis. However it
should be kept in mind that their writings are commentaries mainly of Physics and Posterior
Analytics, where the search is to discover causes of specific physical events. In this sense, the
terms, “analysis” and “synthesis” in the following discussion describe different methodological
procedures. This difference is the difference between the methods used in conceptual under-
standing (relations between genus and species) on the one hand, and indirect understanding
of natural phenomena by demonstrative syllogism on the other.

Aristotle never explicitly used the terms “analysis” and “synthesis”, but these terms

are used by the later Aristotelians appropriately following the description he gives of the two

4TCf. Noretta Koertge, in Thomas Nickles (ed.) 1980, Scientific Discovery, Logic, and Rationality p. 143.
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kinds of demonstrations, which are two complementary modes of knowing the fact. All
syllogisms, Aristotle says, will not yield scientific knowledge which is by demonstration, i.e.
by demonstrative syllogism. The premises of the demonstrative syllogism must be true,
primary, immediate and better known than the conclusion.*® The relationship between the
premises and conclusion is like that of cause and effect.

Of the two modes of knowing the fact, the first one is called demonstration qua which
follows the natural way of discovering the cause or the fact, which is possibly by inductive
method, and the second one is called demonstration propter quid, which follows the causal
order starting with the discovered cause and deducing the effect.4 The Greek terms for the
two modes are oti and dioti.

In the beginning of Physics (Bk.I 184a) Aristotle says that the starting point of
science is a confused mass, usually interpreted as that of effects, which require analysis.®°
That is science (not the episteme of Plato, but Physics of Aristotle begins with the known or
proximate (effect), by the help of which the unknown or the ultimate (cause) can be reached
by the method. The former movement from effect to cause is called the resolution, while the
latter movement from cause to the effect is called the composition. After the discovery of the
cause, the effect would be explained in terms of the cause, i.e., the effect is approached again
in the method indirectly, via the knowledge of the cause. There is thus a regress or return
to the effect with which the inquiry started. However there is no circularity in the process.
Paul of Venice (one of the Italian Aristotelians) defends Aristotle’s joint method from the

charge of circularity as follows:

For in scientific method (in processu naturali) there are three knowledges: the
first is of the effect without any reasoning, called quia, that it is. The second is
of the cause through knowledge of that effect; it is likewise called quia. The third
is of the effect through the cause; it is called propter quid. But the knowledge of
why (propter quid) the effect is, is not the knowledge that (quia) it is an effect.?!

In other words, first, the knowledge of the effect thus obtained is arrived at indirectly via the
cause, and second, the modality of the knowledge involved is explanatory. Using contempo-
rary expressions, the knowledge of the effect via the cause is theory impregnated. Since the

causes are the sorts that are usually not given to our direct sensory experience, they need to

48 posterior Analytics Ch-2, 71b.

49 posterior Analytics Ch-13, 78a.

S0All the Italian Aristotelians (of Padua) interpreted the starting point of the method to be the knowledge
of effects. Good details of Italian’s reading and development of Aristotle is presented by Randall Jr. (1962).
It is interesting to know that Galileo, according to Randall, inculcated Aristotelian method from them during
his visit to the University of Padua at the time.

51 Summa naturalis, Book I, cap. 9. Quoted in Randall, op.cit., p. 288.
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be ‘discovered’ by theoretical imagination. While the place where reason should play its role
is properly identified, the nature of the reason, except that it has a name of resolution, is not
clearly specified.

We think that this deficiency remained uncorrected not only in the entire Aris-
totelian thinking, but also in other methodologies proposed later. We shall see in detail in
the case study below, how Archimedes, and later Galileo, who belong to a mized tradition,
could devise a model method based on inverse reasoning, for the discovery of ‘causes’, fol-
lowed by the explanatory regress.”> The exact role and nature of reason, complementing the
role of experience, is specified, giving rise to the proper scientific knowledge in the modern
sense of the term.

The worthiness of the Aristotelian model, however, lies in properly identifying the
place where the role of reason is involved in the context of discovery.5® Niphus (another Italian
scholar) interprets that the resolution of effect is captured in a conjectural syllogism, while
the composition of effect with the help of cause is captured in a demonstrative syllogism.%*
A long period of critical reconstruction of Aristotelian teachings culminated in the works of
Zabarella, who, it is claimed by Randall, influenced Galileo.

Typical to the tradition Zabarella characterizes method as an intellectual instru-
ment producing knowledge of the unknown from the known. Method is a kind of syllogism,
according to him, because it connects one with the other through inference. There are only

two possible methods, composition or demonstrative method and resolution.

Demonstrative method is a syllogism generating science from propositions that
are necessary, immediate, better known, and the causes of the conclusion ... Res-
olutive method is a syllogism consisting of necessary propositions, which leads
from posterior things and effects better known to the discovery of prior things
and causes."”

Zabarella and the whole new generation of scientists that followed him, of which Galileo is also
a crucial figure, entertained the belief that scientific experience springs from mere ordinary
observation. They insisted that experience must be first carefully analyzed to discover the
principle or cause of the observed effects. Thus, science proceeds from rigorous resolution of a

few selected instances to a general principle, and then from that principle to the systematized

52The expressions “mixed tradition”, and “inverse reasoning” will be explained below.

%31t should be pointed out that by “reason” is not meant deductive reason alone. Such a narrow view of
reason is the character of scientific methodology of the current century, which more or less has eventually
denied the complementary creative component.

54Cf. Randall, op.cit., p. 290.

%5 De methodis, Lib. 1, cap. I. Quoted in Randall, op.cit. p. 293.
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science, and then composition as a proof.?®

He finds four stages in the process of this regress: observation of the effect; resolving
the complex fact into its components and conditions; mental examination of the hypothetical
cause to find its essential elements; and demonstration of the effect from that cause. The
third stage is called “mental examination”, which Niphus called negotiatio of the intellect. He
elaborates, then, the two things that are considered in the middle stage of mental examination,
which helps us toward knowing the cause distinctly.

It is interesting to see that the first three stages are part of the method of resolution,
while the fourth demonstrative stage, which is deductive syllogism, is all that there is to
the method of composition. This is an indication that the problem of discovery is the more
dominating concern than the problem of justification. Today’s situation is just the reverse, as
we will see below. Another point to note here is that the Aristotelians have seen that without
the involvement of “mental examination”, i.e., involving a source other than sense experience,
the discovery of causes is impossible. It is therefore well recognized by Aristotelians that
scientific investigation depends on both creative and sensory faculties.

One of the shortcomings of Zabarella’s method, as well as of any other Aristotelian,
is that in the discovery of scientific principles no role is assigned to mathematics. However
he makes interesting observations worthy of consideration. Like his predecessors, such as the
Averroists, he makes the distinction between the method of resolution suitable for natural
science and the method of “analysis” of mathematics. In the latter we can start from either
the principles or the consequences. In the former, however, we must start with effects observed
by the senses, i.e. with the method of resolution. In the mathematical method whether we
start from resolution or composition is merely a technical matter, and each of the methods
here are independent.

This is a general sketch of the joint analytico-synthetic methods in Aristotelian
thinking. We distinctly see that the method, over a period of time, has been enriched without
a corresponding development of scientific knowledge. Either something is wrong with the
methodology, or it is preached but never practiced, or it could also be that methodology
has nothing to do with the actual development of scientific knowledge. All these doubts
and speculations are natural, for this whole stream of philosophical reflection from Plato’s
Academy to the University of Padua could not produce scientific knowledge, in the modern

sense of the term. But this is just one stream that emanated from the Academy. There are

®6We will see in the case study that Archimedes made a big break-through by choosing balance as the selected
instance, from which he lifts (abstracts) general principles of the lever, which in turn became fundamental for
not only statics, as usually considered, but also for the development of modern science in the hands of Galileo,
which will be disussed in detail below.
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other rather fertile streams, from the point of view of the development of scientific knowledge.

One such stream is based on Euclid’s mathematical edifice, while another stream
is based on Archimedes’ experimental edifice. Needless to say, both these have eventually
become very hard bricks in the bedrock of scientific knowledge. Interestingly both the streams
developed in the School of Alexandria. What is peculiar to this School? We will have to wait
till it gets answered eventually in the course of the essay. Presently our concern is not to
narrate the success story, but the unsuccessful story of philosophical reflections on scientific
knowledge and method.

Before we end this section on Aristotle we shall make, what we regard, an observa-
tion of some interest. It is to note that the method of resolution can be said to be a part
of, what we today call, the context of discovery, while the method of composition can be
regarded as a part of the context of justification. We are aware that in the current usage
the context of justification is deductive, and hence called analytical, while the context of
discovery is ampliative or inductive, and hence synthetic.?” It therefore appears that, in the
same context, one has seen resolution, while the other has seen synthesis. This terminological
inversion should not cause much confusion, when we realize that the Aristotelians are talking
in terms of what is happening to the objects of inquiry, causes and effects, while methodolo-
gists of the current century use a linguocentric vocabulary, which cares more about what is
happening to the ‘instruments’ of inquiry in the process of inquiry, such as statements. This
inversion in the philosophical orientation, as it appears to us, is due to the shift in points of
view from the extensional view to the intensional view. Despite this transformation in orien-
tation, the central concern, which is to attempt answering the two fundamental questions of
epistemology, which continued till the middle of this century. It would be a very interesting
problem for a historian of ideas to study what factors led to this change. To understand this
change demands a separate work. Since we are not presently engaged in understanding the
intricacies of this historical problem, it suffices to make the following observation.

In the conceptual methods of synthesis and analysis, which are discussed above, i.e.,
those of Plato and of Aristotle, there exists a process called synthesis, which refers to the
process of cognitive movement from the level of particulars to the level of universals. And
there exists another process called analysis which refers to the division of genus to species,
both of which belonging to the level of universals. Thus in different contexts the terms meant
different things. However it is interesting to note that in this case too, the two processes

correspond to the contexts of discovery and justification. Thus the joint methods should

5TWe will see below that in due course this synthetic component was abandoned by many leading to
epistemology-minus-synthesis.
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be properly contextualized to know the proper reference and thus to avoid confusion. The
general methodological theme of analysis and synthesis remains only a theoretical model
functioning as a meta-level guide to organize epistemological thinking, which can be seen in
several contexts in the history of methodology.

One significant theme of the joint method is that science does not start from scratch,
for it starts from something which is already known. This theme remains a part of the other
successful stream mentioned above, which (so we claim) generated science proper. To this

we now turn.

1.6 Method in Greek Mathematics

Among the ancient mathematicians too the method of discovering solutions to math-
ematical problems followed the pattern of reaching the unknown from the known, and then
returning to the known from the newly discovered knowledge, in order to validate newly
arrived knowledge. The method employed by ancient geometers to calculate the area of any
regular shaped surface can be a best example to illustrate the method of reducing the un-
known to the known. It was taken for granted that the area of a rectangle is the product of
its base and height, (Area= b x h), which is the known constituent of knowledge. From this
they found out methods of calculating the areas of all polyhedrons. The method can be gen-
erally characterized thematically according to the joint method as follows. As shown in the

figure 1.2, any other polydedron other than a regular rectangle is first analyzed (dissected)

Figure 1.2: Reducing the Unknown to the Known
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in such a way that the area can now be seen as a sum of several rectangles, or several half
rectangles. Since they know the method of measuring the area of any rectangle, all that they
need to do is to add the rectangles and half rectangles to get the total area of the unknown
polyhedron. The polyhedron PQRS, for example, is first analyzed as if it is made of two half
rectangles (shown in dotted lines) and one full. If the areas of the rectangles are a,b, and
¢, in the order they are drawn, the area of PQRS will be a/2 + b + ¢/2. Similarly for the
polyhedron ABC, which is a triangle, a/2 + b/2 or 1/2(a + b) will give its area.

The same method was applied to calculate the area of irregular shapes, though the
value obtained would be true only approximately. It is well known that Archimedes extended
the same method to know the measurements of other complicated shapes like the circle, the
oval etc. His method has later come to be known as the method of approximation.

This instance of the joint method in mathematics is clear and simple, because the
operations involved are ‘extensional’. However Euclid’s version is pretty involved due to its
highly theoretical character. The characterization of the method can be found in Euclid’s
Elements, Book XIII. The account of the method as understood by Euclid and other Greek
mathematicians is given by Pappus (¢.300 AD). The method, Pappus says, is for those who
“are desirous of acquiring the power of solving problems ... and it is useful for this alone.”
The method, according to Pappus, was worked out by Euclid, Apollonius and Aristaeus,

which proceeds by way of analysis and synthesis.

Analysis ... takes that which is sought as if it were admitted and passes from it
through its successive consequences to something which is admitted as a result of
synthesis: for in analysis we assume that which is sought as if it were (already)
done, and we inquire what it is from which this results, and again what is the
antecedent cause of the latter, and so on, until by so retracing our steps we come
upon something already known or belonging to the class of first principles, and
such a method we call analysis as being solution backwards.

But in synthesis, reversing the process we take as already done that which was
last arrived at in the analysis and, by arranging in their natural order as conse-
quences what were before antecedents, and successively connecting them one with
another, we arrive finally at the construction of what was sought; and this we call
synthesis.?®

This method is fundamental to Plato’s program in mathematics, which is to find trivially
true axioms and to deduce all of arithmetic and geometry from them. Euclid was considered
by Proclus as one who completed Plato’s program.®® However, from the point of view of our

search for a logic of discovery, this method does not have much to offer, because so much is

58Quoted in Imre Lakatos 1978, Mathematics, Science and Epistemology: Philosophical Papers, Vol.II p. 64.
S9Cf. P. Marchii 1980, ‘The Method of Analysis and in Mathematics, in Nickles 1980, p. 164fF.
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assumed in the process of the method, such as first principles which are already considered
to be a part of accepted knowledge. What would be interesting is to know how we arrive at
the first principles. The above method does not appear to have any scope for that. But from
the remarks of Pappus it is clear that it is intended to be a problem solving method. Lakatos
and Szabo have suggested that the method can be viewed as a discovery method provided
the starting point of the principles is regarded as hypothetical. If the hypotheses are rigidly
fixed, their use becomes less interesting.

Assuming that problem solving belongs to the context of application of already ar-
rived principles, we find it reasonable to think that Euclid’s method does not properly belong
to the context of discovery. Further it should be noted that in this version of the joint method,
the order of analysis and synthesis appear to be irrelevant. If it is a method of discovery,
however, the starting point and the nature of the starting point would matter significantly,
because the initial step should be that which leads to the principles or hypotheses. But the
method is clearly a perfect “circulatory system”, as Lakatos would put it, without beginning
and end. Therefore we think that whatever be the significance of the method for problem
solving heuristics, it does not throw enough light on the problem of discovery, with which we

are presently concerned.



Chapter 2

The Marriage of Mathematics and

Natural Science

We have seen above basically three kinds of joint methods of analysis and synthe-
sis. The first kind is about discovering and establishing the relationship between genus and
species, e.g. Plato’s method of composition and division, and Aristotle’s first method of
finding ‘essences’. The second is the later Aristotelian method of demonstration qua and
propter quid (resolution and composition) extended and enriched by the Paduan school. The
third is the method announced by the Greek mathematicians in the form of analysis and
synthesis. Another new form of methodology, also put in the traditional analytico-synthetic
theme, came into being in the hands of Galileo, though, the method has clear beginnings in
Archimedes and later in Kepler. We shall discuss thematically the birth of a new methodol-
ogy, that has really survived with success till date. It is this form of methodology that will be
renovated in the thesis, keeping in mind contemporary epistemological problems. As already
mentioned more than once, one common theme of all the analytico-synthetic methodologies
is the reduction of an unknown to the known. We will attempt to show that this indeed is

the enduring theme of the generativists.

2.1 Galileo’s Role in Transforming the Objects of Knowledge

Galileo’s contribution, we think, lies in synthesizing the Aristotelian empirical
method and the mathematical or geometrical method of the Greeks. Galileo’s program is to
translate scientific experience into experience that can be expressed in mathematical terms.

Anyone who attempts to accomplish this must be able to face a problem long known in his-
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tory. The problem has been posed by the historians of science as one between the Platonists
and the Aristotelians. The former thought that nature is mathematical in character and the
latter thought that mathematical descriptions are neither true nor false, while physics tells
us the truth about the world by following the empirical method.!

Unlike the Platonists, Galileo was not trying to apply mathematics or geometry
to describe the Platonic world of ideas, but was attempting to apply geometry to the real
physical world, which is believed to be hidden behind the phenomenal world.? For traditional
Platonists the problem of application does not arise because the perfection of Beings can not
be applied to or matched with the imperfection of Becomings. The Book of Nature which
Galileo was intending to read, which he believed is written in the language of mathematics, is
not a book of the Platonic kind. If that had been the case, truly speaking, Galileo would have
had no problem to solve. Whatever Galileo had contributed is acknowledged as a remarkable
achievement mainly because he tried to apply mathematical order also in a domain which
had been traditionally conceived as non-mathematizable.

In what follows we shall observe that Galileo took some significant steps, first to
enable the application of mathematics to physical phenomena; second to suggest that the
material hindrances be eliminated in order to find the objects that are independent of sen-
sory experience and convention; and third to suggest a mathematico-experimental method,
Galileo’s version of the joint method.

In the Dialogues Concerning the Two Chief World Systems (1632) Simplicio, like a

true Aristotelian, expresses doubts about Galileo’s project.

... [T]hese mathematical subtleties do very well in the abstract, but they do not
work out when applied to sensible and physical matters. For instance, mathe-
maticians may prove well enough in theory that spheara tangit planum in puncto
... ; but when it comes to matter, things happen otherwise. What I mean about
these angles of contact and ratios is that they all go by the board for material
and sensible things. 3

Now Galileo should either show how a physical (real) plane touches a physical sphere at a
point or show how an ideal plane can touch an ideal sphere over many points over a surface.
In fact Galileo’s answer consists in realising that both are geometrically possible. Salviati,

who speaks for Galileo, responds to Simplicio’s objection after long deliberations.

Salviati: Are you not saying that because of the imperfection of matter, a body

LCf. Butts 1978, New Perspectives on Galileo p. 70.

2For more appropriate interpretation of Galileo’s position we shall have to wait till the distinction between
primary and secondary qualities is also presented.

3Galileo Calilei 1632, Dialogues Concerning Two New Sciences (Translated by Stillman Drake) p. 203.
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which ought to be perfectly spherical and a plane which ought to be perfectly flat
do not achieve concretely what one imagines of them in the abstract?

Simplicio: That is what I say.

Salviati: Then whenever you apply a material sphere to a material plane in the
concrete, you apply a sphere which is not perfect to a plane which is not perfect,
and you say that these do not touch each other in one point. But I tell you that
even in the abstract, an immaterial sphere which is not a perfect sphere can touch
an immaterial plane which is not perfectly flat in not one point, but over a part
of its surface, so that what happens in the concrete up to this point happens the
same way in the abstract ... 4

This argument contains one of the most central thesis of Galileo, in his attempt to show that
mathematics can be the language of the book of nature. Butts reformulates the central point

as follows:

For any z, y and t, if = is a perfect material sphere and y is a perfect material
plane, and ¢ is a definite interval of time, and = and y remain perfect through ¢,
then z and y touch one another in a single point when y is struck as a tangent of

x5

It is indeed a token statement of applied geometry, which describes a particular condition
or situation of the world. Given that the antecedent can never be satisfied by actual solid

objects, (he agrees with his predecessors on the point) the statement will always be a true

counterfactual, because the ‘fact’ to which it is applied is not directly given in experience.®

What happens in the world,therefore, is what happens in geometry. This is Galileo’s
first move in the direction of achieving his target. Given this, what should one do in order
to see mathematical order in the world? His answer is that one must deduct the material

hindrances, or defalking the impediments of matter. This, according to Butts, is the sec-

7

ond central theses of Galileo.” This consists in choosing only those characters that can be

mathematically expressed and eliminating those characters that fall outside mathematical

description.

Just as the computer who wants his calculations to deal with sugar, silk, and wool
must discount the boxes, bales, and other packings, so the mathematical scientist
(filosofo geometra), when he wants to recognize in the concrete the effects which
he has proved in the abstract, must deduct the material hindrances, and if he is
able to do so, I assure you that things are in no less agreement than arithmetical
computations.®

4 Dialogue p. 207; our italics.
SButts, op.cit. p. 73.

% Ibid.

"Op.cit. p. T4.

8 Two Systems, p.207.
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This is the condition of mathematization. In other words deducting material hindrances
would mean creating a set of ideal conditions such that abstract effects can be actualized in
the concrete world. This must be the real reason for experiment in science. We shall return
to this a little later.

This point can be appreciated in relation to the other very important distinction
Galileo introduced, which eventually became a very popular theme of philosophical specu-
lation, namely primary and secondary qualities. One might think that this distinction is
necessary for accomplishing Galileo’s program. But we will show below that this distinction
does not play the said role of finding out mathematizable properties, and therefore has no
methodological significance. The two famous passages from the The Assayer clearly indicat-

ing the distinction are as follows:

Now I say that whenever I conceive any material or corporeal substance, 1
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 or imagination unaided would probably never
arrive at qualities like these. Hence I think that tastes, odours, colors, and so
on are no more than mere names as far as the object in which we place them
is concerned, and that they reside only in the consciousness. Hence if the living
creature were removed, all these qualities would be wiped away and annihilated.
But since we have imposed upon them special names, distinct from those of the
other and real qualities mentioned previously, we wish to believe that they really
exist as actually different from those.”

To excite in us tastes, odours, and sounds I believe that nothing is required
in external bodies except shapes, numbers, and slow or rapid movements. I think
that if ears, tongues, and noses were removed, shapes and numbers and motions
would remain, but not odours or tastes or sounds. The latter, I believe, are
nothing more than names when separated from living beings, just as tickling
and titillation are nothing but names in the absence of such things as noses and
armpits.°

Of the two lists Galileo gives the former is the list of primary qualities, while the latter is of
the secondary qualities. The qualities included under the head of primary qualities is very

revealing of the non-Platonic position of Galileo. To be in space and time, and being in

9Galileo Galilei, The Assayer, 1623, Quoted in Stillman Drake 1957, (Translated and Edited) Discoveries
and Opinions of Galileo, p. 274.
0 7bid., pp. 276-77.



46 Chapter 2. The Marriage of Mathematics and Natural Science

motion are considered primary qualities and the objects of scientific knowledge. Let us recall
that for Plato the objects of episteme are Forms, which are not located in any space, are
eternal, and since they are Beings, they do not become, so no change and no motion can be
attributed to them. It should also be noted that the primary qualities are about corporeal
and not incorporeal ‘substance’, and therefore there is no doubt that Galileo is quite unlike
Plato.

Secondary qualities (like tastes, odours etc.) are not in bodies which do have certain
other qualities called primary qualities (like shapes, number, motion etc.) to excite in us the
experience of the former. Primary qualities are considered to be some sort of causes impinging
in us the sensations. What is given to us in our consciousness is therefore considered as effects
due to the senses and what is not immediately (directly) given to us are the independent things
of the world, because Galileo says shapes, numbers and motions would remain even if our
senses were removed.

As far as Galileo’s program of mathematizing the real world is concerned, primary
qualities are indispensable, and secondary qualities dispensable. However, this relationship
between primary qualities and mathematizable qualities is unwarranted. When Galileo talks
of deducting the material hindrances, one may say, he certainly has in mind the secondary
qualities. Let us look at Galileo’s analogy. (See the quotation above.) For the purpose of
determining the amount of sugar in a warehouse a clerk neglects (deducts) the contingent
facts, such as the sugar is in bags, or in boxes, or in open containers and so on. If he wants
to measure the weight, size, shape etc. of the container, though primary, are to be deducted.
Is this ‘deduction’ based on any water tight compartmentalization of primary and secondary
qualities or does it depend on any other factor? If one wants to measure some thing by volume,
some other factors should be eliminated than those mentioned above, and if one wants to
consider the geometrical forms, both volume, weight, along with others become eliminable.
Therefore in the process of applying mathematics to the world, the principle of deducting
material hindrances can be employed only as a way of approaching the measurable, and what
gets deducted depends on what quality one desires to measure. Galileo cannot be right if
he says that only primary qualities are measurable. Butts also criticizes him for grouping
all sensory qualities as secondary, and therefore not measurable and also for holding that
secondary qualities are not in the object. He argues that Galileo can be right that motions
are the cause of heat, and still be wrong that the heat in no sense exists in the object, e.g.,

the boiling water. Certainly the thermometer measures something, and it is not a something
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that exists merely as a potentiality to produce a sensation of heat in a perceiver.!!

We therefore think that the distinction between primary and secondary qualities
is not necessary for finding measurable qualities, and therefore for mathematization. It
is incorrect, therefore, to confuse material hindrances with secondary or sensory qualities.
The above example shows that even relational qualities like mass, volume etc., which are
clearly primary qualities according to Galilean criteria, can also become hindrances if what
we want to measure is say shape or number or something else. Therefore we conclude that
this distinction has no methodological significance. What is significant for the program of
idealization is deducting hindrances, not necessarily material hindrances. What counts as a
hindrance cannot be stated in certain terms.

In this connection it is important to consider another distinction that Galileo makes

between extensive and intensive modes of knowing.

[HJuman understanding can be taken in two modes, the intensive or the extensive.
Ezxtensively, that is with regard to the multitude of intelligibles, which are infinite,
the human understanding is as nothing even if it understands a thousand proposi-
tions; for a thousand in relation to infinity is zero. But taking man’s understand-
ing intensively, in so far as this term denotes understanding some propositions
perfectly, I say that the human intellect does understand some of them perfectly,
and thus in these it has as much absolute certainty as Nature itself has. Of such
are the mathematical sciences alone; that is, geometry and arithmetic, in which
the Divine intellect indeed knows infinitely more propositions, since it knows all.
But with regard to those few which the human intellect does understand, I believe
that its knowledge equals the Divine in objective certainty, for here it succeeds in
understanding necessity, beyond which there can be no greater sureness.'?

Undoubtedly such pronouncements must have played a very fundamental role in Galilean
days, when humanism was on the rise. The message is clear: Human beings can know Nature
as perfectly as God. This would make a clearly different kind of response to the Sophists’
challenge that we have discussed above, and is quite non-Platonic. Extensively we may
never be able to exhaust all the variety of nature. Since extensive knowledge is based on
non-mathematical qualities, and if each such quality refers to some essence of a thing then
there are as many essences as there are qualities. Since there is no limit to kinds of things,
complete knowledge of them is impossible. To this extent the Sophists should have agreed
with him. But the intensive knowledge of mathematical objects is possible. Plato’s response
looks similar to Galileo in the sense that both of them thought that true knowledge is about

mathematical objects. However, as already mentioned above, Galileo’s mathematical objects

UButts op.cit., p. 67.
12Galileo, 1632, p. 103, Ttalics original.
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are different from Plato’s. But it should be remembered that Galileo is not here responding
directly to the Sophists; he is arguing against the Aristotelians who believed that episteme
is about these innumerable essences, and that the knowledge of them is possible. This is a
clear departure from Aristotelianism. If these observations are correct they should indicate
sufficiently that Galileo is neither Platonic nor Aristotelian, but is original in many ways.
Galileo’s opposition to Aristotelian essences becomes more clear in his letter to the

Jesuit mathematician, who denied that the sun-spots could be on the sun itself, for as the
most luminous of bodies the sun could not generate its opposite, darkness. Galileo bursts
out at him - as though things and essences existed for the sake of the name, not the names
for the sake of the things. He writes that he does not find any advantage in understanding
the essences of substances.

If I ask about the substance of the clouds, I am answered, they consist of a damp

mist; if I wish to know further what this mist is, so I am taught perchange that

it is water rarefied through the force of warmth. If I remain in my doubt and

wish to know what water really is, in all my investigations I will only learn in the

end that it is that fluid which runs in streams and which we continually touch

and taste: a knowledge which to be sure enriches our sense perception, but leads

us no further into the interior of things than the notion I had of clouds to begin
with.13

Our knowledge of nearby objects is not more than that of distant objects like the moon and
the sun. But with respect to intensive knowledge, our knowledge of the celestial objects is

better than that of nearby objects.

For do we not know the periods of the planets’ revolutions better than the different
tides of the sea? Have we not grasped the spherical form of the moon much sooner
and more easily than that of the earth?!4

Having denied importance to the extensive mode of knowing Galileo chose the intensive mode
of knowing.

The objects of knowledge of this intensive mode are relational forms of things,
“their position, their motion, their form and size” etc., and are therefore mathematizable or
measurable. Characterization based on certain relational qualities has “absolute certainty
as Nature itself has”. We are reminded of Aristotle’s desire to know things as clearly as
they are known by nature. However, as we just observed, they differ on the issue of what

are the objects that are known by nature. Aristotle thought we can know the essence of

13 Lettere intorno alle macchie solari, in Opere, Ed, Alberi, ITI, 462ff. Quoted in Randall Jr. 1962, Career
of Philosophy: From the Middle Ages to the Enlightenment.
Y Ibid..
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things, which is his object of knowledge, i.e., by extensive knowledge, while Galileo thought
that we can understand Nature’s language better by intensive knowledge. The objects of
scientific knowledge have clearly undergone a transformation. Succinctly we may say that the
nature of transformation with respect to Aristotle is from qualitative episteme to quantitative
episteme, and with regard to Plato it is from absolute Forms to relational Forms, which
includes dynamic and static relational forms.

According to Galileo’s version of the joint method of analysis and synthesis, the
scientist begins with a hypothetical assumption. The hypothesis does not come immediately
from observation and the measurement of facts, but rather from an analysis of the mathemat-
ical relations involved in a given problem. Only after the mathematical relations involved in
the initial hypothesis have been demonstrated by the method of composition, does it possess
a quantitative meaning and implication that it can be compared and measured with observa-
tions and experiments.'®> What is involved in mathematical analysis? Galileo illustrates the

method of mathematical analysis, thus:

When ... I observe a stone initially at rest falling from an elevated position and
continually acquiring new increments of velocity, why should I not believe that
such increase takes place in a manner which is exceedingly simple and rather ob-
vious to every one? If now we examine the matter carefully we find no addition or
increment more simple than that which repeats itself always in the same manner.
This we readily understand when we consider the intimate relationship between
time and motion; for just as uniformity of motion is defined and conceived through
equal times and equal spaces (thus we call motion uniform when equal distances
are traversed during equal time-intervals), so also we may, in a similar manner,
through equal time-intervals, conceive additions of velocity as taking place with-
out complication, thus we may picture to our mind a motion as uniformly and
continuously accelerated when during any equal intervals of time whatever, equal

increments of velocity are given to it.0

The mathematical analysis of the problem first consists in understanding “the intimate rela-
tionship between time and motion”. Then, motion is “defined and conceived through equal
times and equal spaces” arriving at the definition of uniform velocity: a motion is uniform
when equal distances are traversed during equal time intervals. One might ask ‘Why define
uniform motion?’. It could not have been because Galileo thought motion is always uniform.
But because uniform motion is a simple kind of motion, which can be defined and experi-
mentally realized for empirical study. Similarly, i.e., in the same simple manner, he defines

uniform acceleration. Thus acceleration and velocity have a specific definition, and as a result

15Cf. Randall Jr. 1962, p. 348.
16 Two New Sciences, Crew and de Salvio, p. 161.
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a specific meaning. Then having obtained the definitions, he postulates hypothetically the
law of free fall, which is a statement that asserts that the distance increases proportionally
to the square of time. For this he gives a plausibility argument that “we find no addition
or increment more simple than that which repeats itself always in the same manner”. Why
square of time, why not simple proportionality? Galileo did not arrive at this without false
starts. In the initial stages he never analyzed the matter in terms of acceleration. Since the
details are presented in the case study, we shall postpone further discussion till the substan-
tial details are also available. It is sufficient to observe here that there were many false starts
before he could finally arrive at the law.

Thus the most important phase in the context of discovery is first to have clear
and precise definitions of measurable (mathematical) parameters of a phenomenon, such as
velocity and acceleration, in terms of certain other measurable parameters, such as space and
time. This phase is the initial mathematical analysis, followed by an hypothetical assump-
tion. Based on definitions and assumptions certain theorems (consequences) are proved to
demonstrate the internal coherence. Galileo spends a lot of time in his later works proving
a number of theorems, explicating the semantic content of the assumptions and definitions.
This is the complementary mathematical synthesis. Then Galileo proposes that the hypoth-
esis be verified by experimental observations.

After completing the method of mathematical resolution and composition, which is
based on definitions, the mathematically demonstrated hypothesis can now be compared and

measured with observations and experiments.

If experience shows that such properties as we have deduced find confirmation
in the free fall of natural bodies, we can without danger of error assert that
the concrete motion of falling is identical with that which we have defined and
assumed; if this is not the case, our proofs still lose nothing of their power and
conclusiveness, as they were intended to hold only for our assumptions — just as
little as the propositions of Archimedes about spirals are affected by the fact that
no body is to be found in nature that possesses a spiral motion.!”

Here Galileo is more than clear that the theoretical analysis based on definitions and as-
sumptions (hypotheses) has its own value, whether we actually find them in reality. Here
lies the significance of mathematical physics per se. If we can find the mathematical objects,
properties of which are well known in the concrete world, then and only then we “can without
danger of error assert” that the world is as we have defined and assumed in the definitions

and assumptions. Even if we cannot find the counterparts of such theoretical objects in the

"Letter to Carcaville, 1637; Opere, Ed. Alberi, VII, 156; Quoted in Randall Jr. op.cit. p. 348.
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actual concrete world, the knowledge of the defined object would not be entirely worthless.
The demonstration, therefore, will be valid whether or not an application is found. However,
Galileo is not for complete theoretical research without caring to verify it empirically.

Why is Galileo introducing a new experimental method, apart from the mathemat-
ical method? Why is it that only experimental observation and not mere observation can
demonstrate mathematical hypotheses? This is because it is only in an experimental situa-
tion, which tries to mimic ideal conditions, that idealized mathematical propositions can hold,
however approximately. This is to create an ‘environment’ where the material hindrances are
deducted. The affine manner in which the mathematical objects are constructed and demon-
strated cannot be obtained in the world of ‘open’ experience. Therefore we need to construct a
‘closed’ experimental world free from material hindrances. Thus Galileo felt the simultaneous
need of both mathematical and experimental methods of scientific investigations.

This picture of Galileo’s methodology appears to have affinities with the
hypothetico-deductive methodology proposed in the beginning of the twentieth century by
Popper, Hempel etc. However in Galileo’s method definitions are given more fundamental
status than hypotheses, for the latter are formed on the basis of pre-constructed definitions.
Thus the origin of hypotheses has a clear basis, unlike in Popper’s view where any basis is
denied. The problem however still persists, because it is not clear how one would construct
definitions. We discuss the role of inversion in constructing definitions in Chapter 6. Though
Galileo is not entirely explicit, he gives clear clues about how he constructs them, after which
he postulates hypotheses. Here he would make use of the idea of inversion, and therefore
we will postpone the details to a latter part of the thesis. We are content here to state that
Galileo too believed in the methodological theme of analysis and synthesis.

We have observed in the beginning of this section that Galileo is linking two meth-
ods together: the Euclidian method of analysis and synthesis and the Aristotelian method
of resolution and composition. Randall Jr. (1940) argued that Galileo is influenced by the
Aristotelians of the school of Padua. Gilbert (1963) argued in response to Randall’s thesis
that he is influenced by the Greek mathematicians. We think that both these claims are true.
We have observed above that he differs with both Plato and Aristotle in a significant manner.
The Greek mathematicians on the other hand clearly influenced Galileo, but they were not
concerned with the philosophical problems for supporting either mathematical or experimen-
tal physics. The Aristotelian influence is also clear in his desire to solve specific problems.
We should therefore understand him as a great blending character. Peter Machamer (1978)

correctly observes that Galileo belongs to a tradition of mized sciences.
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The tradition is that of the mixed sciences, which is itself a tradition blend-
ing mathematics and physics (or natural philosophy), blending Platonic (or neo-
Platonic) and Aristotelian elements, blending reason and observation. '8

Galileo’s method has another feature that requires special mention, and this is also a major
point of difference between Galileo and Descartes. Galileo is not only interested in pure
mathematical mechanics per se. He is interested in those principles that are exemplified in

nature. For that he fixes his subject matter by defining the natural phenomena to be studied.

And first of all it seems desirable to find and explain a definition best fitting nat-
ural phenomena. For anyone may invent an arbitrary type of motion, and discuss
its properties; thus for instance some have imagined helices and conchoids, as
described by certain motions which are not met with in nature, and have very
commendably established the properties which those curves possess in virtue of
their definitions; but we have decided to consider the phenomena of bodies falling
with an acceleration such as actually occurs in nature and to make this defini-

tion of accelerated motion exhibit the essential features of observed accelerated

motions.!?

The first remark clearly suggest that he is not inclined to do pure mathematics like the Greek
mathematicians. Here Galileo is clearly referring to Archimedes, whose work on helices and
conchoids in geometry is well known. This should not be taken to mean that Galileo is against
pure mathematics, but he is appealing to complement definitional knowledge by applying it to
the actually occurring phenomena. Galileo’s ultimate interest is to define natural phenomena
in analogous terms with mathematical objects. His attempt is to apply mathematics in the
world of natural phenomena. These remarks suggest that though Galileo is following the
Greek mathematicians, he followed them with a difference. And this difference, we think,
consists in Galileo’s interest in local problems. Let us recollect that Aristotle also thought
that fixing the subject matter is a crucial feature of natural science, contrary to the Platonic
idea of Universal science. Descartes is a Platonist on this issue, while Galileo is not. Both
Descartes and Plato, it well known, are great system builders. They believed and attempted
to systematize science in a architectonic manner. Descartes thought that Galileo’s approach
was piecemeal; he wanted to construct science not from merely plausible hypotheses but from
indubitable clear and distinct first principles as foundations. He accuses Galileo of having

built mechanics without foundation.

I find that in general he philosophizes much better than the usual lot for he leaves
as much as possible the errors of the School and strives to examine physical

18Peter Machamer in Butts and Pitts op.cit. p. 161.
¥ Two New Sciences, Crew and de Salvio, p. 160.
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matters with mathematical reasons. In this I am completely in agreement with
him and I hold that there is no other way of finding the truth. But I see a
serious deficiency in his constant digressions and his failure to stop and explain
a question fully. This shows that he has not examined them in order and that,
without considering the first causes of nature, he has merely looked for the causes
of some particular effects, and so has built without any foundation.?"

Descartes appreciates Galileo’s inclination to mathematics, but demands greater rigor, for
Galileo did not, as Descartes thought, “stop and explain a question fully.” While it is true that
Galileo did not stay forever in the mathematical world, he cannot be accused for not having
answered or explained a question fully. Insofar as specific contributions towards the science
of motion are concerned, Galileo succeeded better as compared with Descartes. Descartes’
contributions to mathematical analysis are undoubtedly more sophisticated than Galileo’s,
but it is not legitimate to accuse Galileo for his inclination to solve specific problems. One
of the characteristic features of modern science, that comes out clearly in the studies of T.
Kuhn also, is that it develops by attempting to solve local problems. Descartes, we think,
has failed to see the significance of solving ‘petty’ problems.

Towards the end of the above passage, Descartes criticizes Galileo because the latter
looked always “for the causes of some particular effects” without any foundation. Here also
Descartes’ understanding of Galileo has to be questioned. Because for Galileo, the cause-effect
relation is not central, as it is in Aristotle’s physics. He is interested in the mathematical
relationship between the relevant measurable parameters of the phenomena under study.
Traditionally there has been too much emphasis on the cause and effect relation in the philo-
sophical accounts of science, as is evident from the writings of Aristotelians. We will see in
Part-111 that the distinction between cause and effect is not central to the Galilean approach.
It is rather well known that Galileo did not so much look for causes of motion, but emphasized
mathematical (functional) relationships between different measurable parameters. Though,
later Newton returns to the question of causes of motion, his notion is functionally defined,
unlike Aristotle’s notion of cause and effect, which none in the 17th century accepted. In a
functionally defined causal relation, the cause and effect can be interchanged, or reversed.
We will see below that this reversibility is due to the invertible relation or symmetry of most
mathematical relations. It is well known that the theoretical knowledge of science has a
meta-theoretical property called symmetry. If theoretical knowledge had been grounded on
Aristotle’s notion of cause and effect which is necessarily asymmetrical, mathematical physics

would not have been possible.

20Letter to Mersenne, October 1638, A.T., I, 380. Quoted in Shea, W.R. 1978.
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Before we look at Descartes joint method, we shall summarize the above discussion.
Galileo defined new objects of scientific knowledge as relational properties of measurable
dimensions—another possible response to the Sophists’ challenge—and accordingly devised a
new joint method, which we have characterized as mized, for it contained both mathematical
and experimental components. He differed significantly from both Platonic and Aristotelian
thought, and also in a subtle manner from the Greek mathematicians—his thought is unique
and original. His main problem was to find applications of mathematical knowledge to natural

phenomena.

2.2 Descartes

Galileo’s contribution, as observed above, was in convincing people that physical
nature can be quantified, and in making the mathematization of science possible. In that
process he argued for the need of idealization and experimentation for understanding and
validating scientific knowledge. The counterfactual nature of scientific conceptions and the
need of not only physical experiments, but also thought experiments has been brought to
light in his deliberations. Descartes too was not only convinced that physical nature can be
quantified, but actually identified mathematical (geometrical) dimensions with the physical.

[I]t is not merely the case that length, breadth, and depth are dimensions, but

weight also is a dimension in terms of which the heaviness of objects is estimated.

So, too, velocity is a dimension of motion, and there are an infinite number of
921

similar instances.
However, Descartes allowed some distinctions in relating them to actuality and possibility—
physics is to actuality and mathematics is to possibility.

The difference consists just in this, that physics considers its object not only as a

true and real being, but as actually existing as such, while mathematics considers

it merely as possible, and as something which does not actually exist in space,
but could do so.??

Physics, then, becomes applied (actualized) mathematics. This development has far reach-
ing implications for the advancement of modern science. In ancient times multiplication of
dimensions other than geometric or arithmetic are thought to be impossible.?3 Unless the di-

mension of, say, mass is multiplied with the dimension of motion (velocity) no quantification

21 Quoted in Mason 1956, Main Currents of Scientific Thought: A History of the Sciences p. 132.

22 Conwersation with Burman (V 160, C p.23), quoted in Bernard Williams 1978, Descartes: The Project of
Pure Inquiry p. 259.

ZBochner 1966, The Role of Mathematics in the Rise of Science,.
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of motion could be achieved in terms other than merely saying that something moves faster
than some other thing. Development of physics without allowing the functional correlation
or covariation (read multiplication) of geometrical dimensions and physical dimensions can
be stated to be impossible. Thus the subject matter of physics and mathematics have found
a common ground, such that they could develop, henceforth, dialectically, if not hand in
hand. Anyone familiar with the development of both mathematics and modern physics after
the 17th century, would not deny that neither mathematics nor physics could have developed
independent of each other. The foundational contribution of Descartes is extremely relevant
for enforcing such a development of both the fields. Since the study of such a development
is a subject in itself, we shall not divert our attention to that here. It is sufficient to observe
here that Descartes’ contributions in working out a common framework for mathematical
physics have been more fundamental than that of Galileo. However, when one looks at the
comparative abilities of finding applications of mathematical knowledge in solving concrete
problems Galileo’s success is more commendable than Descartes. Modern science could not
afford to miss either of them.

Descartes also proposes a joint method of Analysis and Synthesis, which is clearly
conceived as a method of discovering and ordering knowledge. In Regulae he proposes rules
for the direction of the mind. His rules IV, V and VI are as follows: Rule IV: There is a need
of method for finding out the truth.

Rule V: Method consists entirely in the order and disposition of the objects to-
wards which our mental vision must be directed if we would find out any truth.
We shall comply with it exactly if we reduce involved and obscure propositions
step by step to those that are simpler, and then starting with the intuitive appre-
hension of all those that are absolutely simple, attempt to ascend to the knowledge
of all others by precisely similar steps.?*

Rule VI: In order to separate out what is quite simple from what is complex, and
to arrange these matters methodically, we ought, in the case of every series in
which we have deduced certain facts the one from the other, to notice which fact
is simple, and to mark the interval, greater, less, or equal, which separates all the
others from this.

Rule V is a clear statement of the joint method of analysis and synthesis. However, we see
that relational knowledge of things is what is sought, and not Aristotelian essences. The
ultimate goal or aim of the analytic regression, as is clear from Rule VI, is not the simple qua
simple but the simple ‘relatively’ to the other terms of the series. Also notice that the ‘series’

does not imply that we are to consider that things or facts can be arranged in a conceptual

240ur italics.
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classification similar to that adopted by the Aristotelians. The series is not a static ontological
classification based on genus and specific difference but an implicatory sequence of antecedent
and consequent in which the important and decisive factor is the logical relation of one to
the other.?> Also to be noted is the use of the term ‘propositions’, and not classes.

Rule VI says that in order to know what is simple and complex, we should arrange
terms in relative and absolute order. Descartes defines an absolute term as one which con-
tains within itself the pure and simple of which we are in quest. Examples of such terms
are independence, cause, simple, universal, one, equal, straight and so on. Relative terms
on the other hand are those which are ‘related’ to the absolute and deducing them involves
something other than the absolute concepts. Examples of such terms are what ever is con-
sidered as dependent, effect, composite, particular, and so on. Note that the terms in the
independent category includes basically primary mathematical terms, and in the dependent
category includes the secondary non-mathematical terms. Thus the method, couched in terms
of analysis and synthesis, tends toward mathematical objects of knowledge, which is about
divisions, shapes and motions.

The method of analysis ultimately reduces the problem by a regressive and gradual
division until we reach a term which is mazime absolutum. From the discovery of the mazime
absolutum the method of synthesis can begin, which is the arrangement of the facts discovered
by analysis, in such an order that they will be successively relative and more concrete terms
of the implicatory series will issue as the solution of the problem.?S.

Thus Descartes’ program is to interpret nature in the form of an axiomatic structure
of the whole system, by establishing indubitable foundations and the deducing from them
the rest of the phenomena. Following such a maxim he tried to construct a system, which is
purely mechanical in character, i.e. it employs no principle other than the concepts employed
in mechanics, such as shape, size, quantity, motion etc.

Gradually Descartes realized how difficult was the program he visualized. Later he
not only diluted the rigid architectonic approach of deducing everything from first principles,
he allowed room for hypothetical premisses that are compatible with the first principles in
his system. This point comes out vividly in the study of Larry Laudan (1981), who writes
that:

After trying to deduce the particular characteristic of chemical change from his

first principles (i.e., matter and motion), he concedes failure. His program for the
derivation of the phenomena of chemistry and physics from a prior: truths remains

ZBeck, L.J. 1952, p. 161.
26 Ibid., pp. 167-78
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uncompleted. His first principles are, he admits, simply too general to permit him
to deduce statements from them about the specific way particular chunks of mat-
ter behave. ... Not content to leave anything unexplained, Descartes departed
from his usual devotion to clear and distinct ideas and advocated the use of inter-
mediate theories (less general than the first principles, but more general than the
phenomena), which were sufficiently explicit to permit the explanation of individ-
ual events and which were, at the same time, compatible with, but not deducible
from, the first principles. Descartes recognized that all such intermediary theories
were inevitably hypothetical. Because their constituent elements were not clearly
and distinctly perceived, it was conceivable that they were false. After all, nature
is describable in a wide variety of ways and the fact the an explanation worked
was no proof that it was true. Like any good logician, Descartes realized that

“one may deduce some very true and certain conclusions from suppositions that

are false or uncertain” .2’

This development in Descartes turns out to be highly significant for understanding
the role of the method of hypothesis in the later developments of science. This moderately
modified stand also brings Galileo and Descartes closer than before. In the earlier section
we have noted why Marsenne in his letter to Descartes was critical of Galileo. Whatever be
the significance of this later realization in the context of the development of the hypothetico-
deductive methodology, as Laudan tries to stress, the significance of this in the development
of problem oriented (paradigmatic) science, as opposed to architectonic science, should also

be noted.

2.3 Newton

Galileo’s second important successor Newton was closer to him in the sense that
he is also a member of the mized tradition. He tried to keep a proper balance between
an unlimited confidence in mathematics unchecked by experience, and mere experimenting
unaccompanied by mathematical analysis and demonstration.?® His statements on method,
therefore, sounded much like Galileo. He gave his method more experimental coloring than
Galileo had done, for the latter did not feel the need to check by observation mathematically
deduced consequences. For Newton the logical inclusion of a proposition within a deductive
system was not a sufficient proof of its ‘truth’. As rightly pointed out by Randall, the
experimental analysis of instances in nature forms a part not only of the method of discovery

but also of the verification.2?

2"Laudan 1981, p. 29. The quotation in the last sentence is from: R. Descartes, Oeuvres (ed. Adam and
Tannery), Paris, 1897-1957, vol.2, p. 199. Italics are original.

ZRandall Jr.1962 op.cit. p. 576.

29 Ibid.
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In the Opticks appears Newton’s classic statement of the joint method of analysis

and synthesis, with its experimental fervor.

As in mathematics, so in natural philosophy, the investigation of difficult things
by the method of analysis, ought ever to precede the method of composition. This
analysis consists in making experiments and observations, and in drawing several
conclusions from them by induction, and admitting of no objections against the
conclusions, but such as are taken from experiments, or other certain truths, for
hypotheses are not to be regarded in experimental philosophy. And although the
arguing from experiments and observations by induction be no demonstration of
general conclusions; yet it is the best way of arguing which the nature of things
admits of, and may be looked upon as so much stronger, by how much the induc-
tion is more general. And if no exception occur from phenomena, the conclusion
may be pronounced generally. But if at any time afterwards any exception shall
occur from experiments, it may then begin to be pronounced from compounds
to ingredients, and from motions to the forces producing them; and in general,
from effects to their causes, and from particular causes to more general ones, till
the argument end in the most general. This is the method of analysis: and the
synthesis consists in assuming the causes discovered, and established as principles,
and by them explaining the phenomena proceeding from them, and proving the
explanations.3?

It may be noted that the term ‘analysis’ is used to refer to the experimental and empirical
context, unlike the modern usage of the term to the logical and deductive context. Accord-
ingly the term ‘synthesis’ refers to deductive proof. The terms are used to refer to the same
contexts as in the Aristotelians of the School of Padua at Italy, as elaborated above. This
terminological inversion, as indicated above, must be due to the later linguistic orientation
of philosophers, specially after Kant. It is typical, for Aristotelians, to consider the effects
or phenomena as complex, therefore to be analyzed until they reach the causes, which are
regarded as simple. The later modern philosophers use the term ‘analysis’ mostly to denote
the logical movement from the more general statements to the more specific statements, while
inductive movement from specific to general statements is regarded as synthetic. This inver-
sion of terms demands historico-philosophical explanation. Again, we are afraid, we cannot
meet the demand here, but must remain content with the observation.

The events mentioned in the method of synthesis, though include induction, are
not mere simple unidirectional inductive movements. But it is characterized as dialectical,
i.e., checking errors and collecting instances, ultimately arriving at the general. It is the well
known view of Newton that in this context hypotheses should not be brought in. So much has

been written, which is ridden with confusion regarding Newton’s cryptic views on the role of

30 Opticks, p. 380.
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hypotheses, we shall not add anymore to it. However, it should be noted, that it is typical of
the scholars of that period to believe in only those postulates that are ‘deducible’ from given
experience. If Descartes allowed in the last resort some room for hypotheses, it is not because
it is desirable to have them, but because we have nothing better than them. However the
difference between Newton and Descartes should be noted. Newton wanted that the principles
be ‘induced’ experimentally, while Descartes’ earlier program was to deduce them from the
clear and distinct principles. Thus the nature of the kind of reason they have envisaged is
qualitatively different. Now for Galileo, as elaborated above, the first step was to construct
the definitions, and then the hypotheses. Considering the deficiencies of both inductive and
hypothetico-deductive methodologies that developed, it is Galileo’s position that needs to
be reconsidered. In the view that we are going to defend, constructing definitions will be

considered the first step in the context of discovery.



Chapter 3

The Rise of Consequentialism

3.1 New Objects of Scientific Knowledge

It is usual to contrast Bacon with Descartes, the former being seen as an empiricist,
and the latter as a rationalist. Bacon’s name has become synonymous with inductivism, and
has met with much criticism from various quarters. A quotation from Jevons would tell how

Bacon has come to be regarded:

The value of this method [Bacon’s| may be estimated historically by the fact
that it has not been followed by any of the great masters of science. Whether
we look to Galileo, who preceded Bacon, to Gilbert, his contemporary, or to
Newton, Descartes, Leibniz and Huyghens, his successors, we find that discovery
was achieved by the opposite method to that advocated by Bacon.!

Bacon was very popular with the English scholars, even among those who took mathematics
very seriously, such as Newton. Though Bacon opposed decadent scholasticism and barren
belief in the authority of science, he continued to believe in the Aristotelian objects of knowl-
edge, which consists in qualitative understanding of the nature or essence of things. Ideas
about the nature of science that followed after Bacon, however, did not entertain Aristotelian
objects of science, but undertook to probe for invariant antecedents.

In fact much before Galileo, the new objects of knowledge were developed in the
school of Alexandria by Archimedes, but it took many centuries to apply similar methods to
other physical problems such as motion. Some explanation as to why Archimedean methods
did not take off immediately has been attempted in the case studies. Here we find it necessary
to clarify the nature of knowledge that developed after Bacon, which was already available

in the works of Archimedes. This partially explains why Bacon’s inductive method failed.

1Jevons, p. 507.
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Take Archimedes’ law of the lever: When a two armed-lever is in equilibrium, the
attached weights are inversely proportional to their respective distances from the ‘fulcrum’.
Thus, if one side of the lever is ten times as long as the other, a weight attached to that side
will balance another weight ten times as heavy when placed on the other side of the lever.
Here no reference is being made to “inherent qualities” or Aristotelian essences to describe

the system. Neither is there any talk of any metaphysical ‘force’.

It [The law] expresses a mutual dependency of quantities and nothing more. Even
the distinction between independent and dependent variables is obliterated, and
the relationship which the law defines is completely reversible. In other words,
the law expresses a type of dependency for which the mathematical notion of
“function” has furnished the pattern.?

It should be noted that the pattern of relationship is symmetrical, because of which it is
reversible. In fact we cannot say, except arbitrarily, which is the cause and which is the
effect. What emerges here is an invariant, symmetric, relational, and functional form. This,
we claim, is the character of the objects of scientific knowledge of not only Archimedean
science, but also the science whose development we continue to watch even today. More
examples of this pattern will be presented in the case studies.

Another example from Newton again suggested by Werkmeister in the same context,
is equally telling. The form that emerges from Newton’s law of gravitation expresses mutual
dependency of two masses each one attracting the other. For example, in the case of a falling

stone, the earth attracts the stone, and also the stone attracts the earth.

Gravitation cannot even be defined without reference to at least two bodies. The
attractive “force” is in every case proportional to the masses of the bodies and
inversely proportional to the square of their distances. If this means anything
at all, it must mean that the “force” of gravitation is not “inherent” in any one
thing, but is essentially a relation between things. The “immanent” forces of
metaphysics disappear, and there is left only mathematical proportionality.?

Therefore the new objects of scientific knowledge are based on relational invariance, and is
undoubtedly non-Aristotelian. This knowledge is necessarily not obtained by Baconian in-
ductive methods, for it involves creative abstraction. The role of abstraction is mostly in
creating an affine space in which mathematical knowledge can find application and where

induction has no place. It is in this context, we claim that inversion plays its crucial role

Werkmeister, W. H. 1940, p. 40. Werkmeister makes these observations in the context of explicating the
functional notion of force that Kepler and latter scientific tradition adapted. We are using his observations
for the general objects of knowledge that science has adapted ever since.

37 -
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and induction fails miserably. If there is one singular achievement of philosophical reflec-
tion on scientific method so far, it is, we think, the limitation of the inductive method in
understanding scientific knowledge.

The Baconian method would have worked if the objects of knowledge were Aris-
totelian, but since the new objects of science contained functional relations inductive method
failed. Thus if Bacon’s methods did not find application in science it is due to the new face
that science took after Bacon.

The nature of the change, as we understand it, consists in realizing newer objects
of knowledge that are not solely based on the thematic division of universals and particulars.
We have noted above that for both Plato and Aristotle episteme constitutes the knowledge
of the universals. We have also observed that the ‘discovery’ of universals can be understood
as a requirement to meet the Sophists’ challenge. Now, the new object of scientific knowl-
edge is not merely a relation between universals, but between two measurable parameters
of a physical phenomenon. Before Plato, and even after him, only unchanging objects were
thought to be measurable, and mathematics was conceived as a science of such objects alone.
Even the Archimedean science (statics) had this limitation of not being able to mathematize
a physical phenomenon that has the character of necessary change, such as motion. However,
after Galileo, it is realized that even changing phenomena can be mathematically understood.
Galileo demonstrated this possibility with epistemological and methodological support. The
discovery of Galilean relativity is indeed the first outcome of the new forms of knowledge.
The character of this new knowledge is to capture the invariance of variable phenomena. It
is no longer statics. Dynamics is the hallmark of the new science.

Earlier, after Plato, the changing objects of knowledge were regarded as a threat to
understand the world around. If it is possible to show that change itself can have a pattern,
change becomes a knowable object. It is in this sense that this new development can be
regarded as an answer to the problem of knowledge that the Sophists raised. This is how
we interpret the nature of the transformation that took place in the 17th century revolution
in science. We will argue below that this change is impossible without inverse reason. The
claim, that this newer form of invariance is not solely based on the relation between universals
and particulars will become clear in Part-1I.

After this transformation in science the discussion on whether scientific methodology
should be Baconian or Cartesian (empiricist or rationalist) continued for a long period. We
cannot go into the details of the events that followed after the 17th century. However we find

it necessary to discuss the general nature of the interesting and highly significant changes
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that took place after the 17th century. Since we are not in agreement with the historico-
philosophical observations of Karl Popper, Imre Lakatos, and Larry Laudan on the history of
methodology after 17th century, we shall present below a critical discussion, which will also
contextualize the problem of the thesis. The general theme of all the three philosophers is

the rise of consequentialism, and the fall of infallibilism.

3.2 The Fall of Infallibilism

We shall start this section by considering certain historical remarks by noted philoso-
phers of science, Popper, Lakatos, Laudan and others, specially concerning the period just
outlined.

Karl Popper provides an interesting interpretation of the history of epistemology
in his essay ‘On the Sources of Knowledge and of Ignorance’ (1962). According to him, an
important and great movement of liberation started in the Renaissance which was inspired
by unparalleled epistemological optimism. At the heart of this optimism lay the doctrine

that truth is manifest. This movement was characterized by the rejection of authority.

The birth of modern science and modern technology was inspired by this op-
timistic epistemology whose main spokesmen were Bacon and Descartes. They
taught that there was no need for any man to appeal to authority in matters of
truth because each man carried the sources of knowledge in himself; either in his
power of sense perception which he may use for the careful observation of nature,
or in his power of intellectual intuition which he may use to distinguish truth
from falsehood by refusing to accept any idea which is not clearly and distinctly
perceived by the intellect.?

Descartes’ basis was the theory of the veracitas dei, the truthfulness of God. “What we clearly
and distinctly see to be true must indeed be true; for otherwise God would be deceiving us.
Thus the truthfulness of God must make truth manifest.”

On the other hand Bacon’s basis was the doctrine of the wveracitas naturae, the
truthfulness of Nature. “Nature is an open book. He who reads it with a pure mind cannot
misread it. Only if his mind is poisoned by prejudice can he fall into error.”® Thus Descartes
and Bacon did not remove authority altogether, instead they replaced one authority, that
of Aristotle and the Bible, by another. Bacon appealed to the authority of the senses, and

Descartes to the authority of the intellect.%

4Popper 1962, p. 5.
5Ibid., p. 7.
6 Ibid, pp. 15-16.
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While being highly critical of this optimistic epistemology, Popper acclaims it for

having rejected textual authority.

It encouraged men to think for themselves. It gave them hope that through
knowledge they might free themselves and others from servitude and misery. It

made modern science possible ... It is a case of a bad idea inspiring many good

ones.7

Popper rejects both theses: neither observation nor reason can be authoritative or dependable
sources of knowledge. However, this rejection has not led to the formulation of a third
alternative source of knowledge. His point is that there exists no dependable source of
knowledge. Briefly put, truth is not manifest.

Imre Lakatos makes similar observations about the history of epistemology. He
thinks that there is a common feature of all the accounts of knowledge given until the period
of Newton. This common feature is infallibilism. What Lakatos is trying to convey with
‘infallibilism’, has been conveyed by Popper using the expression ‘the belief that truth is
manifest’. Lakatos restates what Popper has said in terms of language oriented expressions.
While empiricists believed in the truth of factual statements, intellectualists (rationalists)
believed in the truth of general statements (first principles). He observes that Descartes,
Newton and Leibniz all agreed that one can indubitably intuit truth and/or falsehood at both
points; on the level of facts and on the level of first principles. He further makes the point
that highlights the common theme shared by traditional epistemology, which is that neither

factual statements nor first principles taken in isolation can be said to be true.

They [first principles] are only respectable and suitable candidates for truth or
falsehood if they are already embedded in the circulatory system of analysis-
synthesis. Basic statement is meaningless outside analysis-synthesis.®

The truth of a proposition in an analytico-synthetic framework depends on how
it is linked or related to the set of accepted or known beliefs. If it cannot be logically
connected (whatever ‘logical connection’ may mean), the truth of that proposition is not
secured. Commenting on this classical theme of analysis-synthesis, Lakatos says that the two
methods link known and unknown together by a chain of deduction. When truth or falsehood
is injected at some point of the analysis-synthesis circuit, it gets transmitted to every part of

the circuit.?

"Ibid, p. 8.
8Lakatos 1978, op.cit. p. 77.
9 Ibid, p. T6.
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The general criticism of these traditional forms of analytico-synthetic methodology is
that the latter component of the method becomes redundant. Because if there exists a definite
source, or method, to arrive at true propositions, there remains no reason to reestablish their
truth by another validating or proving method. Since at that time the propositions of science
were considered infallible, nothing more can be achieved by returning to the starting point.
That is, the process of proof does not give any extra epistemological warranty.

A few other interesting reasons for the untenability of the traditional epistemolog-
ical framework have been ‘excavated’ by Larry Laudan. Laudan first makes the observa-
tion that soon after the 17th century the nature of science began to change necessitating
a corresponding change in the scientific methodology. The change lies in the rise of the
hypothetico-deductive methodology. He then gives an explanation as to why hypothetico-
deductive methodology became “the ruling orthodoxy in the philosophy of science and the
quasi-official methodology of the scientific community.” 1° First, we shall summarize his po-
sition, followed by a discussion.

The method of hypothesis consists in validating an hypothesis by ascertaining the
truth of all of its examined consequences. It was espoused in the middle of the 17th century
by Descartes, Boyle, Hooke, Huygens, and the Port-Royal logicians. It fell in disfavor by the
1720s and the 1730s because of the fallacy of affirming the consequent.

[M]ost scientists and epistemologists accepted the Baconian-Newtonian view that
the only legitimate method for science was the gradual accumulation of general
laws by slow and cautious inductive methods. Virtually every preface to ma-
jor scientific works in this period included a condemnation of hypotheses and a
panegyric for induction. Boerhaave, Musschenbroek, ’'Gravesande, Keill, Pem-
berton, Voltaire, Maclaurin, Priestley, d’Alembert, Euler, and Maupertius were
only a few of the natural philosophers who argued that science could proceed
without hypotheses, and without need of that sort of experimental verification
of consequences, which had been the hallmark of the hypothetical method since
antiquity. !

The methods of inductive inference and analogical inference alone were considered capable

of generating reliable knowledge. Later,

the self-same method of hypothesis which was so widely condemned by 18th-
century epistemologists and philosophers of science was, three generations later,
to be resurrected and to displace the very method of induction which the philoso-
phers and scientists of the Enlightenment had set such store by.!?2

0T audan 1981, Science and Hypothesis, p. 1
" Ibid, p. 10.
2 Ibid.
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A number of methodologists of the 1830s and the 1840s such as Comte, Bernard, Herschel,
Apelt, Whewell and Dugald Stewart acknowledged that the method of hypothesis was more
central to scientific inquiry than induction, while Mill conceded that the method had a vital

role without erasing the role of induction in scientific inquiry.

This about-turn, which effectively constitutes the emergence of philosophy of

science as we know it today, is clearly of great historical importance.!?

Laudan’s explanation runs as follows. While most scientists and methodologists were con-
tent with inductive generalizations from experimental data for the construction of Galilean
or Newtonian mechanics, many other areas of inquiry, such as electricity, heat, organic and
phlogiston chemistry, etc., did not readily lend themselves to such an approach.* It was soon
realized that “the types of theories they were promulgating could not possibly be justified
within the framework of an inductivist philosophy of science. Since there was no way to recon-
cile an inductivist methodology with such highly speculative theories about micro-structure,
scientist-methodologists such as, George LeSage, David Hartley and Roger Boscovich, work-
ing in their respective areas, chose to develop an alternative epistemology and methodology
of science, rather than abandon micro-theorizing. These views developed in the course of,
and as a result of, epistemic criticisms directed against the speculative theories proposed by
them. Further strength to this initiative was given by Jean Senebier, Pierre Prevost, Dugald
Stewart, Herschel and Whewell. '

One commendable achievement of Laudan in tracing the historical development of
the hypothetico-deductive method is that the method emerged out of the problems faced
by the working scientists. The source of modern methodology has not been pure the philo-
sophical context. Perhaps it has never been. Previous to this specialist era the distinction
between working scientists and philosophers was difficult to make. Therefore, not only the
modern methodology, but also the traditional methodology, with the exception of possibly
Bacon, emerged out of the intellectual struggle of philosopher-scientists, rather than pure
philosophers.

It was observed above that the change brought about in the objects of knowledge
necessitated the development of appropriate methodologies. Never in the history of philos-
ophy, was the question of methodology raised without a prior statement about what the
objects of knowledge were. All the views elaborated above have had a specific perspective on

what constitutes scientific knowledge. Therefore, if this observation is correct, the definite

13 Ibid, p. 11.
M Ibid, p. 12.
15 Ibid., pp. 12-15.
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role methodology could play would depend mostly on how well defined are the objects of
scientific knowledge. If we have a clear taxonomy of the objects of knowledge, possibly we
can also have a corresponding taxonomy of methodology. In the contemporary situation,
however, nothing can be asserted with certainty about the possibility or impossibility of an
exhaustive account of the nature/taxonomy /structure of scientific knowledge, and therefore
no corresponding assertions are possible regarding the nature/taxonomy /structure of scien-
tific methodology.

In the explanation given by Laudan, one reason for bringing in the method of hy-
pothesis comes out very clearly, which is the nature of the micro-sciences as against the
macro-sciences. Macro-sciences, according to Laudan, “deal with properties and processes
which can be more or less directly observed and measured.” ' And micro-sciences deal with
unobservable phenomena. Galilean mechanics, and Copernican astronomy are given as ex-
amples of macro-science, while optics, chemistry, physiology, meteorology, and pneumatics
etc. are given as examples of micro-science. According to Laudan, the sciences that come
under the macro-sciences are not the source of philosophical problem and are not responsible
for the transformation that gave rise to hypothetico-deductive methodology.

Laudan argues that Alexandre Koyre’s view, that Galilean mechanics posed a pro-

found challenge to the Aristotelian empiricist epistemology, is incorrect.

If we take Aristotelian epistemology to be summed up in the dictum “nothing is
in the mind which was not first in the senses”, there is little in Galileo’s science
of motion which need to be taken as challenging that epistemology. This is not
to suggest, of course, that Galileo’s own methodology was derivative from Aris-
totle’s. Serious scholars continue to fight that one out. What is being claimed
is that Galilean mechanics could be (and sometimes was) regarded as posing no
acute threat to the theory of scientific methodology advocated (say) in Aristo-
tle’s Posterior Analytics. If the whole of 17th-century science had exhibited the
largely phenomenological character of Galileo’s mechanics, there need have been
no revolution in methodology.'”

The real threat, according to Laudan, is due to the micro-sciences, as mentioned above. He
argues that although micro-sciences “address themselves to the observable phenomena, the
theories themselves postulated micro-entities which were regarded as unobservable in prin-
ciple.”'® This feature of micro-sciences was philosophically disturbing due to “the radical

observational inaccessibility of the entities postulated by their theories”.?

16 Ibid, p. 21.
Y Ibid, p. 21.
18 Ibid, p. 22.
19 Ibid.



68 Chapter 3. The Rise of Consequentialism

Laudan’s linking of empirical epistemology with Galileo becomes very clear in the
following passage.
Earlier epistemologists of science Aristotle to Bacon had maintained that scientific
theories could be elicited from nature by a careful and conscientious search for the
“universals inherent in the particulars of sense”’. Precisely because Galilean
mechanics could be (and often was) regarded as a natural extrapola-

tion from sensory particulars, it posed few problems for the traditional
epistemology of science.?’

Thus he sees no threat to traditional methodology from Galilean science. This we shall argue
is an incorrect view, while we agree with him that micro-sciences indeed threaten the tradi-
tional empiricist epistemology. First, let us recall from the above account that for Galileo
the objects of scientific knowledge, as well as methodology are clearly different from both
Aristotle’s and Plato’s. We have also remarked that Bacon’s methodology can do good for
Aristotelian objects of knowledge, but not for the Galilean. Therefore it is necessary to un-
derstand how a change in the objects of knowledge have not produced a corresponding change
in methodology. In fact, it is one of the significant claims of Laudan that methodological
choices are determined by the nature of science. A number of questions would naturally
arise. If there existed no change in the nature of science then why have Galileo’s contribu-
tions given rise to a revolution? And if there existed a change in the nature of science, then
why couldn’t that pose a threat to Aristotelian/Baconian methodology? Can the traditional
Aristotelian methodology attend to the essentially mathematical objects of Galilean science?
If there exist no problems in ‘constructing’ or ‘reconstructing’ Galilean science from experi-
ence, then why does the conceptual transformation from Aristotle to Galileo still constitute
a major philosophical and methodological problem? Scholars still dispute over questions of
the following kind: Who influenced Galileo, Plato or Aristotle? Is it the Italian Aristotelians
or neo-Platonists that made the revolution possible? These questions cannot be satisfac-
torily tackled here, we can confidently claim that Galilean science is qualitatively distinct
from Aristotelian and also Platonic science, and Aristotelian methodology cannot account
for Galilean science.

We have seen above that Galilean science ‘starts’ with a suppositional (hypotheti-
cal) definition of a state of motion, namely uniform acceleration. It is not possible to arrive
at such a theoretical definition from experience, as we never do find an object with uniform
acceleration. It is an ideal and not a real state. One might say that the Baconian starting

point is experimental experience and not ordinary sense experience, where uniform accelera-

Ttalics are original, while boldface is ours. p. 23.
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tion could be actually seen. How would one get the motivation to construct an experimental
setup where uniform acceleration can be realized, without a prior definitional knowledge of
what that ‘state’ (setup) would be? No experiment is ever conducted without some theoret-
ical background and motivation. If Galileo really conducted experiments on inclined planes,
pendulums, etc., the objective was not to arrive at the definitions, but to find confirmation
for the mathematically deduced theorems from theoretically constructed definitions. Some
one like Galileo, who gave a secondary role to experimental verification, can not be equated
or seen as posing no threat to Baconian methodology. Recall what he says regarding exper-
imental verification: experimental verification is to satisfy those who do not understand the
mathematical subtleties. For an expert in mathematical reasoning the theorems are already
proved mathematically.

It is also not true that Galilean science posits no ‘objects’ which are inprinciple
unobservable. Without a notion of vacuum or void, which is undoubtedly unobservable
inprinciple, the Galilean law of the fall of bodies could not be possible. Galileo gave detailed
arguments and proofs to demolish Aristotelian opposition to the notion of vacuum. Detailed
arguments of Galileo are presented in the Chapter 8.

There are also certain notions which have first been constructed by reason and then
‘observed’. For example, when Galileo supposes that a floating body is like one of the weights
of a balance, while the other weight is that theoretically delimited portion of liquid which
is displaced by the body, he is clearly creating or constructing an entity. This construction
is not exemplifiable in Aristotelian/Baconian methodology. The notion of the other weight
that scientists have supposed has been constructed theoretically. Since we have elaborated
them in the case studies we will not dwell on the example in detail here.

Therefore Laudan is incorrect in saying that Galilean science poses no threat to
Aristotelian /Baconian methodology. He could have merely stated that later 17th-century
micro-sciences posed a relatively greater threat than Galilean science could. This modified
position is what we will defend in this thesis.

Another point needs to be stated. While Laudan’s explanation to the rise of
hypothetico-deductive methodology, with the modification just suggested, is justifiable, his
later conclusion that the generativism has been abandoned to the point of no return will be
contested. As indicated in the introduction our thesis can be viewed as a response to the
challenge Laudan poses. This brings us to one of the specific problems of the thesis, which is

dealt with in Part-II.
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3.3 The Rise and the Fall of Logical Positivism

We have looked at certain factors that gave rise to consequentialism and the method
of hypothesis. It is observed that simple inductive methods could not account for the discovery
of highly theoretical, mathematical and unobservable aspects of scientific knowledge. Most
scientific theories, being very far from sensory experience, could not be justified by any direct
method. The only available method of justification is to test the relatively direct observable
consequences deduced from the hypotheses which are often counterintuitive. However, this
is only part of the story. The belief in inductivism did not vanish from philosophy of science
altogether.

In the beginning of this century, a considerably influential group of philosophers,
mostly Germans, began a movement called Positivism. They rejected metaphysics and were
concerned with the reduction of all scientific statements to statements about sensation, seek-
ing complete empirical verification. Early versions of Positivism are found in Herman Co-
hen’s and Ernest Mach’s neo-Kantian philosophy of science. Cohen characterized scientific
knowledge as an underlying structure (form) of sensations that are exemplified in sensory ex-
perience. E. Mach viewed science as an abbreviated description of sensations. However, these
attempts were unsuccessful, because of the abundance of mathematical relations occurring
in scientific principles which could not be reduced to sensations.

An intellectual crisis in philosophy of science developed after the turn of the century
as a result of the development of Einstein’s theory of relativity, and quantum theory. Ein-
stein’s theory involved notions that required a high degree of mathematical sophistication,
while quantum theory began postulating entities that are in principle unobservable. These
new theories were found to be incompatible not only with the then prevailing philosophies
of science, but also with classical physics. Initially most German philosophers opposed the
replacement of classical physics by relativity and quantum theory.?! The only school that was
sympathetic to the new physics was a modified position of Machian Positivism. Ernst Cassirer
also attempted to accommodate the new physics in a modified neo-Kantian philosophy.2?

The Berlin school under the influence of Reichenbach and the Vienna school under

21'We think that most philosophers and scientists misinterpreted the place of the new theories such as theory
of relativity, and quantum mechanics. The idea that they would replace the prevailing classical theory was
based on the view that the new developments are alternative world views. Here lies the major cause, according
to to our diagnosis, of generating the problem of growth and development of scientific knowledge. We tend to
believe that there was never a need to replace one theory with the other. The reasons for replacement were
based on a lack of clear characterization of what scientific theories are. We have argued in Chapter 5, that
the ‘dislodgement’ of a theory might have taken place only in the ‘minds’ of some of the scientists, and not
from the scientific community at large.

22Cassirer 1923, Substance and Function and Einstein’s Theory of Relativity.



3.3. The Rise and the Fall of Logical Positivism 71

the influence of Moritz Schlick agreed with Mach on verifiability as a criterion of meaningful-
ness for theoretical concepts. However, they did not agree with Mach on the place given to
mathematics. One aspect of this development is Conventionalism of the Poincaré kind. Both
theoretical as well as mathematical terms occurring in scientific statements are interpreted as
conventional abbreviations that can be eliminated by expansion’ into equivalent statements
in phenomenal language. What came handy to these new developments, largely as a cata-
lyst, were the logico-mathematical contributions of Frege, Cantor, Russell, etc. The program
announced in Russell and Whitehead’s Principia Mathematica was to provide foundations
for mathematics in logic. This development suggested a promising possibility of accounting
for the mathematical and theoretical terms of scientific knowledge in terms of logical and
observational (phenomenal) vocabulary (language). Thus came into being the philosophy of
Logical Positivism. It may also be said that this is also the birth of modern philosophy of
science, which remained the official philosophy till the late fifties.

It is worthwhile to compare the Kantian problematic with that of the Positivist’s
problematic, to understand the nature of the changing views about science. Kant’s major
problem can be stated to be the problem of showing the possibility of synthetic a priori
knowledge, which includes natural science, arithmetic and geometry, as well as metaphysics.

It was Kant’s original idea of synthetic a priori judgements that shaped many philo-
sophical schools after him. Kant’s philosophical system has been a rich source of ideas for
both philosophers and scientists alike. According to Alberto Coffa “the early stages of logi-
cal positivism may be viewed as a development to the point of exhaustion of this aspect of
Kant’s original idea.”?? Coffa’s attempt is to understand the development of Positivist views
on meaning from Kant onwards. One of the traditions that developed from Kant, according
to Coffa, is the semantic tradition. The problem of the semantic tradition was

the a priori; its enemy, Kant’s pure intuition; its purpose, to develop a conception

of the a priori in which pure intuition played no role; its strategy, to base that
theory on a development of semantics.?*

This recent work of Coffa demands serious attention, for it involves deeper issues for which,
we have no space here. Therefore we shall be satisfied with a cursory comparison, which
provides sufficient indications regarding the nature of the change that took place. We shall
point out the essential connections between Kantianism and Logical Positivism on the other,
followed by a summary of criticisms leveled against the latter leading to the modern version

of consequentialism.

2 Coffa 1991, The Semantic Tradition from Kant to Carnap p. 7.
2 Ibid, p. 22.
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Kant’s problem was to to show: “How are synthetic cognitions a priori possible?” 23
Scientific knowledge is a synthesis of both form and content, or in other words it is a collection
of informative forms. Undoubtedly Kant discovered a very original way of characterizing a
category of knowledge that includes physics, metaphysics, and mathematics. Logic, according
to him, is part of knowledge that is based entirely on the principle of non-contradiction, and
therefore is on certain ground posing no further problem.

Kant’s solution to his own problem consists in showing that all synthetic judgements
are mediated by a concept, which is a higher representation instead of an immediate represen-
tation, that can hold many possible representations. Conceptual means of knowledge, which
Kant calls discursive, yields the objective ground of the possibility of experience.? When
the subject encounters an object by intuition, an illustration of the predicate, that the sub-
ject has a priori, is realized. Categories of understanding, such as space and time, are pure
intuitions which contain a priori the conditions of the possibility of objects as appearances.

Thus Kant attempts to show that independently of all experience, a priori, the
categories of understanding make possible synthetic knowledge of objects.2”

Kant’s epistemology gains significance because he posed a problem regarding the
possibility of pure science, which was just beginning to emerge in a major way after math-
ematical methods of doing such a science were developed by Newton and Leibniz. Whether
Kant was successful or not continues to be a debate till this day, but he posed an original
problem for philosophers of science, one of utmost importance. Later in the 19th and 20th
centuries, developments in science according to our understanding, vindicate in a major way
the involvement of synthetic knowledge a priori, in what is known by the name of “theoret-
ical physics”. Theoretical physicists define a number of ‘predicates’ attributable to possible
experience by constructive methods.

A striking difference between the Kantian and Positivists’ characterization of scien-
tific knowledge is that the latter eliminated metaphysics as meaningless. One must also note
that the position of mathematics in the Positivist’s framework, lies in the analytic form of
knowledge, and not in the synthetic as in Kant.

The anatomy of scientific knowledge, according to the Logical Positivists, can be
constructed out of three components.?® (1) Logical and mathematical components (2) theo-

retical components and (3) observational component. (1) is considered analytical and ‘true’

2 Prolegomena to Any Future Metaphysics, Section 5.

*Ibid, B 93 - 94, B 127.

2T Ibid, B 117 - B 124.

2 Positivists considered scientific theories as axiomatic formulations in a mathematical logic L. This formu-
lation appears below.
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or ‘false’ by virtue of its form, (3) is considered synthetic, consisting of phenomenal observa-
tions, which is true or false by virtue of its ‘correspondence’ with the phenomena, obtained
purely by experience. The problematic component here is theoretical statements which was
initially regarded as abbreviations for phenomenal descriptions conventionally decided on.
Since theoretical terms, if they are abbreviations, can be expanded to a set of sentences
that can be reduced either to logico-mathematical terms (1), or to observational terms (3),
the actual components of scientific knowledge are either analytic or synthetic, for the third
component can be eliminated. Thus positivists’ characterization of the body of scientific
knowledge in terms of Kantian distinctions is clear.

As mentioned above the mathematical component becomes analytical with Posi-
tivism. The suspected ground for doing so, as mentioned above, is the Russelian logicism
that mathematics can be founded on logical grounds. We know today that this project, so far,
is unsuccessful. Arithmetic, considering it as one of the essential components of mathematics,
could not successfully be explained purely in terms of logic. The problem is more acute with
other branches of mathematics such as geometry. That various kinds of geometries ‘refer’
to different kinds of spaces, and that different kinds of numbers can gain significance only
under geometrical interpretation, shows that mathematical objects are not totally devoid of
informative content, therefore not altogether analytic. The failure of demonstrating the pure
analytical character of mathematics also demonstrates that mathematics, unlike logic, cannot
be grounded on the principle of contradiction alone. In spite of this failure people still con-
sider mathematics a sure instance of the analytical component of knowledge. Undoubtedly
mathematics shows structures (forms) that can be validated without recourse to experience.
However, the aspect of construction, and abstraction that is involved in it cannot be con-
strued as anything that can be based on the axioms of any pure logical system based on the
principle of non-contradiction, and the principle of excluded middle alone. Which principle
of logic can account for these typically mathematical characters? We think, none.

The place of mathematics is not the only source of the problem with Logical Pos-
itivism. There are a number of problems of which we shall examine some relevant ones in
relation to the problem of structure of scientific knowledge and methods of validating scientific
knowledge. Before we look at other problems it is necessary to say that after the formalist
school developed the analytic nature of mathematics is taken more or less for granted. Var-
ious criticisms directed against Positivism did not make this failure a major point against
Positivism. Another belief that is connected with the formalist view is that anything axiom-

atized or axiomatizable is analytic. Geometry was considered a paradigm case of analytic
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knowledge. Many attempts at axiomatizing different branches of sciences by the Positivists
have been carried out to demonstrate that they can be reconstructed as logical calculi, to
further support their views on the structure of scientific theories. The idea is that there is
nothing more to the different natural sciences except the different specific/local interpreta-
tions the terms occurring in the calculi would have. If this could be achieved then their thesis
about the basal structure of scientific knowledge stands more or less vindicated. Most such
projects have remained mere dreams with little or no success.

We shall first look at the usual objections raised against the Positivist model and
see how the Positivists themselves have made room for consequentialism in spite of an initial
robust inductivism.

A summary presentation of the Positivist’s view of scientific theories as presented
by F. Suppe displays almost all the essential features of the view. The following conditions

are proposed for any scientific theory formulated in a mathematical logic L:

(i) The theory is formulated in a first-order mathematical logic with equality, L.

(ii) The nonlogical terms or constants of L are divided into three disjoint classes
called vocabularies:

(a) The logical vocabulary consisting of logical constants (including mathe-
matical terms).

(b) The observation vocabulary , Vo, containing observation terms.

(¢) The theoretical vocabulary, Vp, containing theoretical terms.

(iii) The terms in Vp are interpreted as referring to directly observable physical
objects or directly observable attributes of physical objects.

(iv) There is a set of theoretical postulates T' whose only nonlogical terms are
from V.

(v) The terms in Vp are given an ezxplicit definition in terms of Vo by corre-
sponding rules C—that is, for every term ‘F’ in Vp, there must be given a
definition for it of the following form:

(x)(Fz = Ox)

where ‘Ox’ is an expression of L containing symbols only from Vp and pos-
sibly the logical vocabulary.?”

As already mentioned the problematic elements of the view are theoretical terms. The the-

oretical terms present in a theory, it was believed, can be shown to be cognitively significant

on the basis of the criterion of verifiability, which is also their criterion of meaningfulness.
Metaphysics was denied cognitive significance because the criterion of verifiability

excludes it. For a term to have cognitive significance it must be either analytic or synthetic.

P SQuppe 1977, op.cit. pp. 16-17.
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Since metaphysics can be neither proven true or false by means of experience, nor can be
shown to be true by mere form of the propositions or by meaning alone, it is denied any
cognitive significance. Though Kant and the Positivists held a similar distinction between
analytic and synthetic elements of knowledge the former did not deny the possibility of
meaningful metaphysics, while the latter denies it. Thus both meaning and truth are decided
by the same criterion of verifiability. Though semantic theories based on Tarski’s suggestion
have been developed that would avoid such a collapse of meaning and truth, not so much
use of these developments has been employed, until recently, by philosophers of science. The
semantic approach in the philosophy of science is fast developing into a coherent framework
that accounts for the nature of scientific knowledge. We will defend below a version of the
semantic approach.

Since it is the correspondence rules that are meant to provide cognitive significance
to theoretical terms, the search for proper correspondence rules ultimately determines the
success or failure of the Positivist model.

In the initial proposal the correspondence rules were thought to be explicit defi-
nitions. It was soon realized by Carnap that dispositional terms cannot be given explicit
definition using observational vocabulary and first-order predicate calculus. No techniques
of modal logic were developed at the time to interpret sentences containing dispositional
terms as subjunctive conditionals. P.F. Bridgman made the proposal that every theoretical
concept is synonymous with the corresponding set of operations. He called such definitions
operational definitions. Operational definitions, too encountered difficulties with disposi-
tional terms. They also faced another problem called proliferation of concepts, which is due
to the possibility of many different sets of operations corresponding to an otherwise single
concept. Unless a more general notion is available that can cover the various sets of opera-
tions for a given concept, the operational definition cannot be considered a definition at all,
for a definition must be both necessary and sufficient.

Later the conditions imposed on correspondence rules were relaxed by the Posi-
tivists, having realized that they cannot be regarded as definitions, for it is very difficult to
obtain necessary and sufficient conditions. In place of any definitions Carnap (1936-37) intro-
duced reduction sentences. Reduction sentences also provide definitions but only partially.
The theoretical (dispositional term) term ‘fragile’, for example, would have the following form
of reduction sentence: “Any body be called fragile if it is struck at a given time, then it will
break at that time, iff it is fragile”. What this sentence stipulates is a condition under which

such an effect is possible, without completely defining the term. We will not come to know
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what it is for something to be fragile. Thus it is no longer required that correspondence rules
provide complete definitions, but only partial definitions for theoretical terms.>’

A very important change in the view, of course by further weakening the idea of
cognitive significance, was suggested by Carl Hempel (1952). He argued that since theoreti-
cal terms are never, and cannot be introduced by reduction sentences based on observables,
but are introduced jointly by setting up a theoretical system formulated in terms of the-
oretical terms, what can be and what needs to be provided are only unique observational
consequences of theories involving such terms. It it is not necessary that each such term
be individually defined. Thus it is sufficient to grasp that the empirical manifestations of
a theoretical construct/entities follow the pattern suggested by the theory explaining and
predicting the observable phenomena. Hempel also proposed the well known covering-law
model of explanation/prediction. This is the beginning of a new era of Positivism based on a
consequentialist notion of cognitive significance. Ultimately all claims of acquirability of sci-
entific knowledge by only direct/inductive means from observational source was abandoned.
At around the same time Karl Popper proposed a proposed a stronger consequentialist view
of science than Hempel, by totally abandoning all traces of inductive method. It may be
noted here that those who held a instrumentalist view of theories attempted to eliminate or
dispense with theoretical terms, while those who held a realist view of theories attempted to
provide an ontological basis by accounting for theoretical terms/entities.3!

The account so far shows how the development of consequentialist manner of sup-
porting theories has taken place by successively weakening the load on cognitive significance.

According to to Positivists only either analytical or synthetic truths are cognitively
significant. According to Carnap analytic statements are those that are true in virtue of
their logical forms, and the meanings of the logical and descriptive terms occurring in them.3?
Carnap gives a positive characterization of synthetic, unlike Kant, who characterizes synthetic
as that which is not analytic. It is clear that the Positivist view of cognitive significance is
based on the distinction between the analytic and the synthetic. Therefore, if the distinction
is untenable the Positivist views would also be in serious trouble.

One famous objection to the distinction is provided by Quine (1953). Of the two
aspects of analyticity, one is by form and the other is by meaning, of which the latter notion

is problematic. Firstly, its problem lies in the fact that analyticity is based on another

more unclarified notion called synonymy, because all statements that are analytic in virtue of

30Cf. F. Suppe 1977, op.cit. pp. 18-22.
3LCf. Suppe, ibid, p. 35.
32Carnap 1966, Philosophical Foundations of Physics p. 259.
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meaning can be transformed into analytic statements in virtue of form by proper substitutions
of synonyms. Secondly, Positivism also holds the verification theory of meaning, according
to which the meaning of a statement is equivalent to the method of confirming it. On this
account, a statement that is analytic in virtue of meaning can only be that which is true
“come what may”. Thirdly, Quine challenges the view that each statement, even if it is
about the world, can stand before the tribunal of experience individually.33

Though H. Putnam agrees that there is a distinction, he says that there is a large
class of statements in natural science which are neither analytic nor synthetic.?* Putnam,
however, allows the possibility that analytic statements can become false if there occurs a
change in the meaning of the constituent terms in the statement. The middle category accord-
ing to Putnam consists of law cluster concepts, such as kinetic energy, principles of geometry
etc. Since these concepts can be denied without change in their extensional meaning, they
cannot be analytic. These principles cannot be thrown out by any isolated experiment or
verified by inductive means. Since these principles are always applied in conjunction with
certain other principles, the trouble could be with the combination, rather than with the
principles as such. Therefore they are not synthetic either. Since a large number of defini-
tions/principles/laws of highly developed science are of this kind, which are neither analytic
nor synthetic, the traditional watertight distinction cannot be put to use to understand the
nature of modern science.

Putnam’s arguments have serious consequences for the future of the Positivist view
of science. Putnam does not deny the distinction, but he has, we think, shown successfully
that being able to distinguish the two categories has little consequence, if any, for understand-
ing the nature of scientific knowledge, because a large part of scientific knowledge belongs to
the class of definitions. That a large part class of scientific knowledge cannot be validated by
empirical (synthetic) means introduces further problems to Positivism.

If it is true that the objects of scientific knowledge consist in this new class of
definitions, then there should exist a corresponding methodology, which is neither deductive
nor inductive. In the thesis being developed we attempt to show that the method of validating
scientific knowledge has to be neither inductive (synthetic) nor deductive (analytic). For
more precise characterization of the proposed structure of scientific knowledge we will have

to wait.3?

33Quine 1953, From A Logical Point Of View p. 41.

34Qrice and Strawson (1956) also argued for a similar position, but on grounds and motivations different
from Putnam. Since Putnam’s ‘middle’ category is relevant for latter discussions we considered Putnam’s
rather than Grice and Strawson.

35A few other influential views were developed by Ernst Nagel, Braithwaite and Mary Hesse. One common
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Independent of the above source of problems for the Positivist views, Karl Popper
claimed that we can deny all modes of validating scientific knowledge by means of generatabil-
ity. He rejected the method of verification as a criterion of cognitive significance based on the
Humean line of invalidating inductive justification. He argued that scientific theories/laws
cannot be verified by means of accumulating observational evidence. However, scientific the-
ories/laws can be falsified by observational means. He, thus, introduced a new criterion of
scientificity.

Popper argued against the observation/theory distinction, which is one of the basic
presuppositions of the Positivist view. Against this distinction he argued that all observations
are theory laden. His arguments in this regard also form an attack on the generationists in
general. It is based on the thesis of the theory-ladenness of observations. This is targeted
against the generationists’, specially the inductivists’ belief that induction enables them to
infer mechanically true scientific theories from an exhaustive collection of facts gathered
without any theoretical preconceptions. Criticizing inductivism, Popper says:

I believe that theories are prior to observations as well as to experiments, in the
sense that the latter are significant only in relation to theoretical problems ... I
do not believe, therefore, in the ‘method of generalisation’, that is to say, in the

view that science begins with observations from which it derives its theories by
some process of generalization or induction.3%

Popper uses a metaphor to describe the two traditional positions in Objective Knowledge
(1972). He says our mind is not an empty ‘bucket’ as traditional empiricists had thought,
which can be filled by making a number of observations. Rather it is like a ‘search light’
projecting theories on the world around selecting observations.”

Carl Hempel also expresses the view that without a prior tentative answer (hypoth-
esis) to the problem under study, one would not know which facts are relevant to the inquiry,
and the set of all the facts is not exhaustive.3

We think that theory-ladenness of observations should not be considered a valid
objection against a logic of discovery or generationism in general, though it is a valid objection

against the inductive view of arriving at theories. Reasons are elaborated below in Chapter 4.

theme of these philosophers of science was to understand the structure of scientific theories based on the notion
of a model. A model provides an interpretation to an uninterpreted formal calculus. A model for a theory
is that in which the theory is true. These views are developed to provide an independent support for the
non-observational component of a scientific theory, over and above the partial interpretation views mentioned
above.

36popper 1957, p. 98., our italics.

37Peter Medawar makes the same point in a different way: “We cannot browse over the field of nature like
cows at pasture ...” Cf. Medawar 1969, p. 51.

38Hempel 1966, Philosophy of Natural Science pp. 12-13.
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It should be noted that though Popper’s falsificationism was not free of problems,

it could command a large following.3"

This would be partly due to Popper’s ability to
successfully divert the attention of philosophers of science from the problem of canonical
formulation of scientific theories based on formal and linguistic methods to the problems
pertaining to the issue of the growth and development of scientific knowledge. Popper’s
success, thus, mainly consists in attending to a new set of problems.

The philosophy of science developed by Popper has two arms. One of them is fallibil-
ism, and the other, consequential justification. These are put together in a coherent manner
to give rise to the hypothetico-deductive methodology. According to this methodology the
scientist proposes an hypothesis and deduces testable consequences from it. How a scientist
conceives it is immaterial to a philosopher, for, it is held, that the manner of conceiving
has no epistemological relevance. It is Popper’s version of consequentialism that replaced
inductivist /positivist philosophies of science.

The account given here on the rise of consequentialism is far from being complete.
There are many other reasons that could have been stated. The role of American Pragmatism
advocated by Peirce, for example, could have played a very important role, especially in the
American continent.*® However, the essential problems that have led to consequentialism, to

the best of our awareness, have been covered in the account.

3.4 Kuhn’s Irrationalism

The cumulative (linear accumulation) view of scientific progress has been attacked
by Kuhn in The Structure of Scientific Revolutions where he proposed an alternative pattern
of how scientific knowledge “advances” by alternation of a normal science phase and a revo-
lutionary science phase. According to the cumulative view originally held by positivists (held
even today by most working scientists) and uncritical believers and supporters of science,
the development of scientific knowledge consists in gradual addition of true theories/laws one
after another, accompanied by the rejection of the false theories/laws. That is, scientists
reject a theory because it is false, and accept it if it is true, therefore there is a rational
pattern to the development of scientific knowledge. If a theory is dislodged by another, the

older theory is either false or less close to the truth than the new. Truth or falsity of scientific

39 Quine/Duhem’s thesis, for example, is one major objection against falsificationism, though in principle it
applies to all methods of validation. Its main point, which is based on holism, is that an observation cannot
conclusively falsify a theory which is a coherent net of propositions. By making appropriate changes elsewhere
in the system of the theory, it can be made immune to falsification.

40Cf. Nickles 1980, “Introductory Essay” Scientific Discovery, Logic, and Rationality p. 4.
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theories, it was believed, can be determined by the employment of methodological /systematic
procedures. Kuhn’s influential thesis attacks such a view.

Kuhn’s powerful and insightful historical illustrations brought about a revolutionary
change in the views held by contemporary philosophers of science. Briefly Kuhn’s position is
as follows:

There is a phase of scientific development called normal science, during which sci-
entists work according to rules, solve puzzles (problems) on the basis of a more or less fixed
(predefined) set of conceptual apparatus. During this period the behavior of scientists is un-
critical (normal/rational/dogmatic). However, normal science occasionally faces certain crisis
situations, called anomalies, which cannot be solved by the present set of rules and concep-
tual apparatus. When anomalies accumulate, science is said to be in a crisis. During this
time some scientists become critical of the suppositions of the normal science in the light of
an alternative set of assumptions and conceptual framework. Some scientists, specially those
who are young, start looking at the problematic cases ‘under’ the light of new hypotheses.
As many more scientists start looking at the problematic cases in the new manner, a rapid
progress of of the idea takes place by pushing the older one aside. This phase of scientific
development is revolutionary.

It is believed that every theory is born refuted, and hence the new set of ideas
also face the problem of anomalies. On the basis of new set of rules and a new conceptual
apparatus another normal science phase comes into being. Since normal science is usually set
by solving a problem in a novel manner, that problem becomes a role-model or a paradigm
case. Since the group of scientists share a set of common problems, goals, methods, standards
and basic assumptions, called as disciplinary matrix, a paradigm of shared values is formed.
In terms of paradigms scientific development consists in replacing one paradigm with another.

However, the controversial claim of Kuhn is that the conversion from one paradigm
to another is comparable to a gestalt-switch, a religious conversion, a duck-rabbit situation,
involving no reasoning. A paradigm becomes a view by consensus, it is the number of
believers that determine the success of one theory against another. Thus Kuhn’s view posed
a challenge to those philosophers of science who held that scientific development can be
explained by rational or methodological means. What emerged as a result of this is not
favorable to the line epistemology has been following traditionally from ages.

Consequentialists believed, though they are against inductive verification, that epis-
temology has the role of validating scientific knowledge. After Kuhn’s popular standpoint

epistemology appears to have lost even that narrow footing based on consequential testing.
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The scheme presented by Stegmiiller clearly shows what precisely happened to philosophy of

science in the course of its development.

(1) Hume says that science develops inductively and nonrationally;
(2) Carnap’s idea is that it develops inductively and rationally;

(3) Popper’s answer is the dual counterpart of Hume’s, namely that it follows a
noninductive, rational course;

(4) Kuhn’s view deviates from all of these. A comparison of his conception with
the other three seems to indicate that he thinks the course of science is
noninductive and nonrational.**

What, therefore follows from this development is that all meta-theories of science
are futile. This threatens the very basic tenet of the general philosophy of science. In the
course of the thesis we will have more than one occasion to critically appraise the views of
Kuhn.*?

To summarize, we have seen that certain developments within science have prompted
the development of consequentialism, for no methodological account could be provided for the
genesis of theories/hypotheses/ideas that are highly abstract. We have tried to show that Lau-
dan’s observations regarding the character of Galileo’s science is incorrect, for Galileo’s science
is sufficiently theoretical and abstract in order to show the failure of the Baconian/Aristotelian
inductive methods. Though there are sufficient reasons for the development of consequen-
tialism in the 19th century itself, there was a temporary rise of inductivism developed and
defended by the Logical Positivists at the beginning of the century. Later we have shown
how the rise of Positivism has seen another spurt of inductivism, which too has to be aban-
doned, for scientific theories could not be shown to be constructed in the manner suggested
by them. Ultimately Popper’s philosophy of science became an alternative to the problem
ridden Positivism.*® Kuhn’s thesis on the structure of scientific revolutions, and inter-theory
relations has led to the irrationalist views of scientific knowledge. Consequentialism has not
vanished from the scene at all, despite the fact that the emphasis on method in philosophy

of science has become rather out of fashion. It is certainly true to say that consequentialist

41 Stegmiiller 1976, p.136.

12Kuhn’s The Structure Of Scientific Revolutions caused lot of critical reactions. The above account is more
or less a digest of the immediately relevant issues taken from the following sources, apart from the original:
Dudley Shapere 1964, ‘The Structure of Scientific Revolutions’ Philosophical Review 73, Lakatos, Imre and
Musgrave, Alan, eds, 1970, Criticism and the Growth of Knowledge., Hacking, Ian 1983, Representing and
Intervening.

43Popper’s philosophy of science too did not continue in the manner in which it was formulated. It was
modified by his supporters, mainly at the London School of Economics, led by Imre Lakatos, who defended a
moderate version of falsificationism that was designed to meet the objections/criticisms raised by Feyerabend,
Quine, Kuhn, among others.



82 Chapter 3. The Rise of Consequentialism

testing/validation of scientific theories still continues to be the official philosophy of science.
On the question of the possibility of a logic of discovery, the consequentialist views remain

the received view.
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85

Chapter 4

Epistemology of Discovery

The essential argument of the thesis begins in this chapter. We will first critically
review the arguments against a discourse of discovery in epistemology, which culminated in
Laudan’s challenge. It is observed that the dichotomy of contexts into those of discovery
and justification, as proposed by Reichenbach, need not be challenged for promoting the
epistemology of discovery. However, it is suggested that the epistemologically significant
context of justification be properly distinguished into the context of generation and the
context of application. With regard to the problem of theory ladenness of observations, it is
proposed that in the context of the genesis of scientific knowledge observations are not theory
laden, while in the context of development, all scientific observations are theory determined.
Our response to Laudan’s challenge consists in working out the possibility of generativism and
fallibilism on one hand, and distinguishing meaning and truth as two distinct epistemological
values on the other hand. We then explore the peculiar nature of ampliative logics as against
explicative logics. We then give a positive characterization of induction as a species of the
ampliative logic of abstraction. We propose that induction is based on the principle of
excluded extremes, just as deduction is based on the principle of excluded middle. The
question of validity of induction should therefore be considered independently from the notion
of deductive validity. It is also observed that the world where induction is possible is the
world where mathematics is possible, setting the context available for the highly ampliative
logic of inversion, which is stated to be based on the principle of included extremes. In the
last section we posed the tension between the content-neutrality of logic on one hand and the

possibility of amplifiability of content by logics of discovery on the other.
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4.1 The Received View

In the light of significant developments in the history of epistemology and scientific
method, many scholars have found it necessary to raise the question of the legitimacy of the
fundamental problems in epistemology. One of the major issues of traditional epistemological
discussions that has met with greater opposition is regarding the method/s of scientific dis-
covery. According to the “received view” in the philosophy of science the genesis or formation
of concepts and theories (knowledge) should be distinguished from the epistemological anal-
ysis of concepts and justification of knowledge. It is claimed that the study of the genesis of
concepts and theories is ultimately irrelevant to the objective study of their epistemological
status. It is further claimed, that such a study would be appropriate for a psychological
study of the processes of thought but not for a philosophical analysis of knowledge. The
process of how we arrive at possible knowledge escapes logical analysis, thus the question has
no relevance in philosophy. Our main task in this chapter, therefore, is to critically assess
the position/s, expressed in the present century, against the epistemological relevance of the
issues pertaining to the genesis of knowledge.

A discussion on this issue can be initiated by considering one of the most impor-
tant distinctions introduced in the present century between the context of discovery and the
context of justification. The distinction has gained widespread currency among both camps,
i.e., those who are in favor of a logic of discovery and also those against it. This distinc-
tion however particularly boosted the received view. One reason for this is that though it
was originally introduced to separate the psychological component from the philosophical
or epistemological the distinction itself was based on another—between the logical and the
illogical. Since this distinction has gained a great deal of popularity, and since the roots of
this distinction have bearing on the content of this chapter, we shall repeat these rather well
known arguments.

According to the popular view of scientific discovery, discoveries and inventions
are to a large extent unexplainable, results of imaginative leaps, and are the product of
the ‘sparks’ of creative genius. Hans Reichenbach, and Karl Popper are among the chief
proponents of this irrationalist account of discovery. According to Reichenbach scientists
while discovering a theory are usually guided by guesses, and they cannot name a method by
means of which they discovered it. Careful study of Reichenbach does not indicate that he is
altogether against the program of discovery, though he clearly distinguished the psychological
context from the epistemological. We shall see below (page 91) that he allows discoverability

arguments in the context of justification. Reichenbach’s often quoted passage is as follows:
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The act of discovery escapes logical analysis; there are no logical rules in terms of
which a ‘discovery machine’ could be constructed that would takeover the creative
function of the genius. But it is not the logician’s task to account for scientific
discoveries; all he can do is to analyze the relation between facts and a theory
presented to him with the claim that it explains these facts, in other words logic
is concerned with the context of justification.

The view that logic is concerned only with the context of justification is what we call
epistemology-minus-synthesis. The possibility of a logic of discovery is therefore ruled out.
Following him Karl Popper maintains that the initial stage of conceiving or inventing a theory
neither calls for logical analysis nor is susceptible to it.
The question how it happens that a new idea occurs to a man—whether it is a
musical theme, a dramatic conflict, or a scientific theory—may be of great interest

to empirical psychology; but it is irrelevant to the logical analysis of scientific
knowledge.?

He further goes on to say that “every discovery contains an irrational element or a creative
intuition”. He quotes Einstein, who says that there is no logical path leading to scientific
laws and they can only be reached by intuition, based upon something like an intellectual
love of the objects of experience. More than this Popper even makes room for faith in the

context of discovery, when he says that

[S]scientific discovery is impossible without faith in ideas which are of a purely
speculative kind, and sometimes even quite hazy; a faith which is completely
unwarranted from the point of view of science.?

These remarks suggest that scientific discovery is necessarily irrational, and it is a matter for
psychological inquiry. The only scope left for philosophy of science is to carry out testing of
theories devised by the greatest of great minds.

Is this distinction merely serving the purpose of clarifying the scope of philosophical
analysis with respect to knowledge? But if it is only the testing of theories that falls in
the scope of epistemological analysis, then there is a danger of losing the ground for any
epistemology of science. This possibility exists because methods of testing are not on any
surer ground. If there exists no surer ground for consequential testing—suflicient difficulties
with consequential testing of theories have already been pointed out—then no possibility of

epistemology remains, for the context of discovery has already been regarded as abandoned

'Reichenbach 1938, Ezperience and Prediction, p. 231, our italics.
2Popper 1959, The Logic of Scientific Discovery p. 31.
3 Ibid p. 38.
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from epistemology. In fact this has taken place in the recent past. We are familiar with the
views challenging the very idea of methodology and epistemology.

If it is already well known that the consequentialist view has failed in the appraisal
of scientific theories, one might ask, why then call it the received view? It is still the re-
ceived view insofar as the problem of discovery is concerned. Most scholars criticized the
hypothetico-deductive method for reasons of its failure in the context of justification and
certainly not for their views regarding the problem of discovery. Its failure in the former
context did not affect the popular stand taken by scholars at large against the methodology
of discovery, because most scholars seem to be convinced that no epistemological significance
can be given to the context of discovery. (See § 4.5 page 101 for the statement of Larry
Laudan in this connection.)

It is possible that the failure of finding a methodology for testing theories could
have been because we did not take the context of discovery seriously. Certain factors in
the latter context must have had some relevance in the former context. Kuhn did suggest
that psychological and social factors do enter into theory appraisal. But he agrees with, for
example, Popper that there are no rules for inducing correct theories from facts.* Since he
emphasizes “socio-psychological” dimensions in his analysis, and has criticized Popper for the
latter’s obsession with normative concerns, we can infer that he is also one of those who has
not seen the possibility of a logic of discovery. However, though he would deny logical status
to the context of discovery, he would undoubtedly be interested to deliberate, unlike Popper,
about the context of discovery without hesitation. Thus it is claimed that non-logical factors
do play a role in theory appraisal by the opponents of consequentialists, but the position of
the consequentialists on the question of the discovery problem remained without challenge.

We will see below that some of the defenders of the discovery program have denied
any water tight distinction between the two contexts. We will introduce another distinction—
between the context of generation and the context of application—in place of the traditional
distinction, and will argue that both the contexts have justificatory (proper epistemic) role.

In the previous chapter we have already noted the observations of Laudan regarding
the rise of consequentialism and the reasons thereof. Laudan also provides a more challenging
argument against the possibility of a philosophical analysis of discovery in his paper ‘Why was
the Logic of Discovery Abandoned?’. As mentioned in the introduction, since this thesis can
be viewed as a response to his challenge, we shall present a full statement of his challenge. The

challenge is based on the claim that “the case has yet to be made that the rules governing

4Kuhn, 1977, Essential Tension, p. 279.
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the techniques whereby theories are invented (if any such rules there be) are the sorts of
things that philosophers should claim any interest in or competence at.” The challenge
itself would be to show that the logic of discovery (if at all formulatable) performs the
epistemological role of the justification of scientific theories. Therefore, those who profess
generativist methodology must show that methods of generation per se do carry special
epistemic weight.

According to Laudan there are two groups of philosophers, namely the generativists
and consequentialists. The generativists believed that theories can be established only by
showing that they follow logically from statements which are the direct results of observation.
Bacon, Descartes and Newton are the main advocates of this thesis, for whom hypotheses and
hypothesis testing functioned as heuristic devices for establishing evidential basis for genuine
theories. The consequentialists on the other hand believed that if consequences are proved to
be true then this provides an epistemic justification for asserting the truth of the theory.® The
latter thesis developed after the 19th century in the light of the absence of any direct route
(which mostly meant inductive routes) from phenomenal claims to deep-structural theories.
These problems of pure inductivism were raised in the writing of Herschel, Whewell, Mill,
DeMorgan, Boole, and Jevons during the 19th century.

It is clear that both the groups are primarily concerned with the epistemic problem
of theory justification. For generativists the purpose is dual. One is to accelerate the pace of
scientific advance, and the other is to provide a sound warrant for our claims about the world.
If a foolproof logic of discovery could be devised, they thought, it would both be an instrument
for generating new theories and, since the scientific theories are believed to be infallible
it would automatically guarantee that any theories produced by it were epistemically well
grounded.® This has been the manner in which the link between infallibilism and generativism
developed. Laudan explains that most traditional philosophers subscribed to the view that
legitimate science consists of statements which are both true and known to be true.” So long
as infallibilism was in fashion, generativism had grounds for survival.

However, as already mentioned, in the early nineteenth century infallibilism crum-
bled, giving rise to fallibilism. It was during this time, according to Laudan, that an un-
mistakable shift took place. It took place by two mutually reinforcing developments that
converged to separate discovery from justification. One of course was the increasing attrac-

tiveness of a fallibilistic conception of theories. It was based on the realization that scientific

5Laudan 1980, in Nickles 1980, p. 184.
S Ibid, p. 183.
" Ibid.
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claims cannot be proven true whether or not they were generated by induction from the
facts. Second was the acceptance of the view that evaluation of theories can be done in terms
of their consistency and their testable consequences. Consequential testing did not find its
way initially because of the fallacy of affirming the consequent. It could be freed from this
fallacy only when the fallibilist view of theories was widely accepted. These are, according
to Laudan, the factors leading to the abandonment of the logic of discovery.

Apart from the developments in philosophy of science there are certain developments
in science that have played a decisive role in the replacement of inductivism and infallibilism
by the consequentialist methodology. Nickles points out that the developments in modern
science do not appear like the stuff for inductivists. The cases such as the phenomenological
thermodynamics which gave way to kinetic theory and statistical mechanics, the Newtonian
world picture gave way to the Einsteinian, and also the development of Quantum theory
etc., can not be accounted for by inductive reasoning.® The failure of inductivism becomes
clearer if we consider that any science worthy of consideration involves theoretical entities
and processes which are far removed from the observational realm. Thus Laudan is correct

in making the following observation:

[I]f what we expect to discover are general statements concerning observable reg-
ularities, then mechanical rules for generating a universal from one of more of its
singular instances are not out of the question. By contrast, if we expect to dis-
cover ‘deep-structure’, explanatory theories (some of whose central concepts have
no observational analogues), then the existence of plausible rules of discovery
seems much more doubtful.”

With these arguments, that appear certainly plausible, Laudan claims that the logic of dis-
covery has no philosophical relevance. Therefore the challenge for any generativist today is
‘Why should the logic of discovery be revived?’. In order to meet the challenge, as stated
above, it is necessary to show that generativism has epistemological relevance. We will try to
meet the challenge by not only arguing for the epistemological relevance of, but also propos-
ing a method of discovery/invention of scientific knowledge. Before we begin to develop the
thesis, we find it necessary to show that most of the objections, raised against the discovery
program, including Laudan’s that are mentioned above, are illegitimate.

Let us take stock of the various reasons given against the logic of discovery before

we start discussing their credibility or lack or it.

(1) The context of discovery is restricted to the study of the actual, causal procedures

underlying actual human behavior; hence it is a subject matter of psychology.

8Nickles 1980, op.cit. p. 4.
9Laudan, op.cit. p. 178.




4.2. Psychology or Logic? 91

(2) The discovery of ideas is a creative act, requiring intuition, imagination and individual

talent.
(3) There is no discovery machine or set method or logic for arriving at new ideas.

(4) Inductivism has been proved wrong. And there are no pure observations free from

theories, and so observations cannot be the starting point of obtaining knowledge.

(5) Generativism gave way to consequentialism because history supported the ‘falsity’ of
infallibilism. So long as infallibilism was in fashion, generativism has grounds to survive.

After the advent of fallibilism the logic of discovery has lost total epistemological ground.

We will take up each of these points and argue that all of them are mistaken.

4.2 Psychology or Logic?

We have seen that Reichenbach and Popper argued for a clear demarcation between
psychology of knowledge and theory of knowledge. They likened epistemology to a normative,
logical study of knowledge. While for Reichenbach logic included both the inductive and the
deductive varieties, for Popper it included only deduction.

Martin Curd contends that Reichenbach’s original distinction, as stated above, was
quite different in nature and in application from the one usually attributed to him.'0 It is
true that Reichenbach demarcates epistemology from psychology. According to Reichenbach
epistemology aims “to construct justifiable sets of operations which can be intercalated be-
tween the starting point and the issue of thought processes, replacing the real intermediate
links. Epistemology considers a logical substitute rather than real processes.” 't T. Nickles

points out that:

Reichenbach did not deny that reasoning may occur in thinking one’s way to
a discovery or problem solution; the rational reconstruction of that reasoning
to a theory would be an appropriate philosophical task, falling into the context
of justification. ... It may happen occasionally that the original reasoning to
discovery is complete and consistent, in which case the logical reconstruction will
be identical with the reasoning in the context of discovery.!?

0Curd 1980, “The Logic of Discovery: An Analysis of Three Approaches’ in Nickles 1980, op.cit. pp. 201
219.

HReichenbach 1938, op.cit. p. 5.

2Nickles op.cit. p. 12.
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Reichenbach makes no distinction between the process of discovering or generating new theo-
ries, laws, explanations and the process of justifying them. His distinction is merely between
scientific activity itself and that activity as logically reconstructed.!?

From this it becomes clear that Reichenbach’s distinction of the two contexts did
not deny the possibility of the logic of discovery under the context of justification.

Our response to the question whether a theory of discovery should be psychological
is that it should not be. Not because psychology cannot contribute anything insightful in
relation to scientific discovery, but because there are certain essential epistemological issues
in the context of discovery.

Another view that goes hand in hand with the view that a theory of discovery
belongs to psychology is the view that creativity is the function of a genius, and not just any
human being. This part of the claim presupposes that discovering/inventing ability is not a
character of all human beings. It is a subjective ability, for it depends on the psychological
profile of a scientist. Thus epistemologists have nothing to contribute in this regard. What
conditions make an individual a genius is not the concern of a theory of knowledge, for an
epistemologist is concerned with validation of knowledge, assuming that all abilities are given
by whatever source. This amounts to nothing more than drawing a line between concerns of
natural science and the concerns of a philosopher. Consequentialists need not be attacked on
this point. We, therefore, shall not argue against such a demarcation between the factual and
philosophical matters. We see no threat to generativism if this part of the consequentialist
thesis is conceded. Further, we will claim that a generativist thesis would emerge stronger if
and only if this part of the thesis is conceded.

What needs to be attacked, however, is the thesis that the context of discovery
belongs to psychology or biology, or any other natural science. We think that it is possible
to articulate how we arrive at ideas without recourse to behavioral/biological mechanisms.
Psychological or biological mechanisms are not after all the same as logical or methodological
“mechanisms” (inference patterns).

Why is it that the context of discovery does not include the study of actual, causal
processes underlying human behavior? None of the philosophers who argued for a logic of
discovery (such as Bacon or Descartes) have meant it to be an empirical study of human
behavior. Surely consequentialists know this. They are aware that they have not been able
to propose a method of discovery. The method of induction to be sure cannot explain the

genesis of the deep-theories modern science has produced. We agree with them on this point.

13 Ibid, p. 12.
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Consequentialists indeed have been quite successful in bringing home this point. Descartes’
systematic method of doubt or his method of analysis and synthesis have also not been able
to either generate or explain by rational reconstruction any of the major discoveries. Failure
on the part of some philosophers then should not lead us to believe that there cannot be
a logic of discovery. If we infer from the failure of traditional generativists that they failed
because there exists no such method, our inference cannot be rated legitimate. For, even a
logic of deduction has a history. Nobody would dispute the point that even atemporal formal
systems need to be (and were) constructed and devised by thinkers who are actual human
beings. We have seen in the preceding chapter the genesis of epistemology, and the changing
methodological scene. In the course of that development many fresh ideas (mostly in the
form of thematic-pairs) have been invented. On this count epistemology is no different from
any exploratory disciplines. Except for the peculiar subject matter of epistemology we do
not see any distinctive features that separate it from any other exploratory field of inquiry.
Therefore, from the fact that epistemology has so far not offered any theory of discovery, it
does not follow that epistemology has nothing to do with discovery. No biologist has given a
completely satisfactory account of life. But we don’t say therefore that biology is not about
life. Certain questions are difficult, and the logic of discovery is one among them. Unlike
scientists most philosophers suffer from the disease of being conservative. No exploration
is possible if one believes that absence of evidence is the evidence of absence. We are not
willing to agree that philosophy is merely explicative and not exploratory. Our narrative of
the development of epistemology and scientific method in Part-I has made an attempt to
bring home this impression that philosophy also has something called development. !4

In recent times after the development of Artificial Intelligence and other compu-
tation based techniques—which we should note are dependent on whatever little we know
of methodological /formal aspects of thinking—large varieties of problem solving algorithms
have been implemented. Though this may not be sufficient to understand the intricacies of

the complex and highly involved process of scientific imagination, we cannot underestimate

1A few remarks are not out of place regarding the nature of philosophical knowledge. It is necessary to
keep in mind that people started thinking deductively even before deductive logic was established. The ability
to think deductively is not the epistemologist’s or logician’s gift to human beings. His contribution is that
he abstracted a pattern of thought so that an aspect of thinking can be described and understood. It is not
appropriate therefore to say that if logicians have not found a logic we would have been deprived of validating
mechanisms for our knowledge. Who would ever say that we need to know the physiology of digestion in order
to digest food! However, the advantages of knowing our abilities as well as limitations legitimizes the activity
of philosophy. Therefore absence of any successful logic/s of discovery should not lead to the inference that
there are no logics. If there is any aspect of human being that is least understood by any standard it is the
aspect of human thinking. We should realize that if the theories of thinking remain incipient so would the
theory of knowledge. By theories of thinking we do not mean the psychology of thinking but logical patterns
of thinking.
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computational capabilities. The point we wish to make by considering this case is that the
theory/s upon which these developments are based are not psychological, but are abstract
logico-mathematical theories.

None of these developments, whether it be the abstract logico-mathematical theories
behind the complex computations, or the concrete realizations of such theories, by any stretch
of imagination be called ‘causal processes underlying human behavior’, and so be dubbed as
belonging to human psychology. Responding to the allegation that the logic of discovery is
restricted to psychology Kelly says:

First, it [the logic of discovery] is not confined to the study of actual, causal
processes. Given a programming system, the hypothesis generation procedures
specifiable in that system exist abstractly in the same sense that proofs in a given

formal system exist. So, the logic of discovery is an abstract study whose domain
includes all possible procedures.

Second, the logic of discovery is concerned with the investigation of hypothe-
sis generation procedures. What adequacy comes to is a normative question.
Desiderata include general applicability, rapid convergence, efficiency, and an abil-
ity to generate simple, explanatory, confirmed hypotheses in the short run. So
the logic of discovery is a normative, abstract study.!?

Kelly’s attack on the anti-generativist position exploits the computational symmetry between
test procedures and generation procedures. He says that if one pays attention to the mathe-
matical, computational basis of the logic of discovery one would not take an anti-generativist
attitude. These considerations clearly suggest that a logic of discovery is not visualized by
most defenders as a theory of psychology but as a logico-mathematical theory. Therefore, it
is not valid to say that context of discovery belongs to psychology, knowing fully well that
most of the defenders are not looking for a psychological theory of discovery.

We agree that these arguments cannot lead us to anything close to a logic of dis-
covery. Our concern was basically to show that consequentialists like Popper, (and possibly
Reichenbach) are wrong to think that the context of discovery should belong to psychology,

or natural science.

4.3 Divorce Thesis

Response to the divorce between the two contexts of discovery and justification has
been different even within the group that defends a logic of discovery. Hanson argued that

creation and inventiveness are not mysterious or irrational and it would be inappropriate

5Kevin Kelly 1987, ‘Logic of Discovery’, Philosophy of Science, Vol-54, pp. 436-37.
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if we concentrate solely upon confirmation and falsification of conjectures. He argued that
both the contexts have a logic. He has shown that the standards by which a theory is
confirmed or refuted are not simply applied after the theory is presented in its completed
form. These ideas enter into the form of thinking during the genesis of the theory. He
demonstrates his point by applying Peirce’s theory of abductive inference in the case of
Kepler’s discovery of planetary motion.'® Hanson therefore is not against the distinction.
H. Simon also believes in the distinction and holds that there is a special logic of discovery
distinct from the logic of justification.!” These views should be clearly distinguished from
those of Bacon and Newton for whom the methods of discovery carry a special epistemic
weight. And more importantly the methods of consequential testing, according to them, are
inferior to generative justification.

Some of those who favored the discovery program such as Paul Thagard, Marcello
Pera, M.D. Grmek, Robert McLaughlin etc., have attacked the divorce thesis. P. Achinstein
has argued that any argument used in the initial generation of ideas could in principle be
found in the context of justification and vice versa.'® Thomas Nickles argues that such attacks
on the dichotomy are not only unnecessary, some moderate distinction would be supportive
of the discovery program.!® Thus we see that even among those who are in favor of a logic of
discovery there is disagreement regarding the distinction. The position that we shall defend
is as follows.

In place of the distinction between the context of discovery and the context of
justification, we suggest an alternative. As already stated the motivation for the original
distinction proposed by Reichenbach was to separate the epistemological context from the
psychological /biological context. Let us first rephrase the original distinction, to avoid con-
fusion. The new names we suggest are the context of natural theories of knowledge, and the
context of philosophical theories of knowledge. The former would include more or less all
the aspects that are studied under the name of cognitive science, which is fast emerging as
a new inter-disciplinary science. This includes cognitive psychology, cognitive biology, some
mechanical aspects Artificial Intelligence, etc. The latter would include the context philoso-
phers should be interested in, which may be called the epistemological context. So far we
have not introduced anything new, except to suggest, what we consider to be better and the
least confusing terminology.

We suggest now that that the epistemological context be further divided into two

18Cf. Hanson 1958, Patterns of Discovery.
7H. Simon 1977, Models of Discovery and Other Topics in the Methods of Science.
18Cf. Nickles 1985, ‘Beyond Divorce: Current Status of the Discovery Debate’ Philosophy of Science p. 180.
19 17
Ibid p. 185.
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more contexts, namely, the context of generation and the context of application. Since both
are epistemological, justificatory reasons are to be found necessary in both contexts. Then
where lies the difference? As the terms indicate, the former context refers to the mode of
philosophical inquiry that addresses the question “How do we arrive at knowledge?”. This
context includes the philosophical deliberations on the problems of discovery and invention.
Since this essay addresses this very question, but restricted to scientific knowledge, further
elaboration would follow. The latter context is regarding the truth claims of scientific knowl-
edge. It may not be immediately clear to the reader why we have used the expression
‘application’ to describe this context. What we have in mind relates well with the context
where truth and falsity of scientific assertions is determined. We will consider a scientific
assertion as involving the application of what is produced in the former context, the context
of generation. We propose that epistemological discussions can be viewed mainly as related
to either of the contexts. We propose that in the context of generation we study the problems
pertaining to the production of applicable pieces of knowledge like concepts, models etc., and
in the context of application we study the philosophical problems relating to the true or false
application of concepts, models etc. More details and philosophical motivations/reasons for
introducing the distinction will be found in the next two chapters. It is sufficient here to note
that this distinction is not drawn on the same lines as that of Reichenbach’s, or the usual
defenders of discovery program.

We do agree with Hanson that the distinction should be maintained, but we do
not agree that there are distinct kinds of logics for discovery/invention on one hand and
justification on the other. The logic of discovery cannot be a ‘machine’ driven process that
only yields ‘products’, without having any say anything about the value of the products. It
is also a conscious process, in the sense that it involves volition. (Recall the discussion of
Part-I, where it is noted that it is essential for a method to be a voluntary process.) It is
a process that is constantly under the gaze of conscious reason, such that certain epistemic
values get implanted—imposing constraints—in order to ensure that no gibberish would be
generated. Therefore, we cannot have a method that has epistemic value and at the same
time does not have a ‘capacity’ to filter its products. We shall argue that nothing be counted
a logic of discovery if it has no in built validating reasons. Therefore, no epistemologically
relevant method can be free of justificatory/validatory role. Hence, we disagree with Hanson
and others who thought that discovery logics are free of validating reasons.

However, Achinstein’s claim is not easy to understand in relation to our position.

Because we see on the one hand that the distinction should be collapsed on the grounds of
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justification, but on the other hand we see a need to make a distinction. Since, we agree with
him that validating reasons do enter into the context of discovery, we find affinities with him.
But, he goes to the extent of suggesting that the same justificatory reasons occur in both
contexts, and therefore the distinction be collapsed.?’ On this point we disagree, because the
nature of epistemic values that enter into the context of generation differ markedly from the
kind that enter in the context of application. Since this notion of different epistemic values
forms part of the major claim of the thesis, we will attend to it in detail below.

To summarize the points made in this section: The distinction proposed by Reichen-
bach need not be challenged, though a terminological change would make it less confusing.
We have proposed that the epistemological context be further divided into the context of

generation and the context of application.

4.4 Theory Ladenness of Observations

Apart from the arguments based on the distinction of the two contexts, there also
is another angle of attack on the generativists based on the thesis of theory-ladenness of
observations. This is targeted against the generativists’, especially inductivists’, belief that
true scientific theories can be inferred mechanically from an exhaustive collection of facts
gathered without any theoretical preconceptions. It is also against the positivist’s view that
a scientific theory contains observable and theoretical elements, and that it is on the basis
of the former that the latter gain epistemic support. We have presented the argument of
Popper in the previous chapter.

Responding to the objection that all observations are theory-laden Marcello Pera
says that the hypothetico-deductivists commit the fallacy of assimilating assumptions into
hypotheses. He calls this the transcendental fallacy.?!

To see the fallacy, Pera says, it is necessary first to clearly see the difference be-
tween assumptions and hypotheses. The belief that there are regularities in facts, the belief
in causality, simplicity etc. are assumptions with which scientists begin their enterprise. As-
sumptions are part of the foundation of the enterprise, whereas an hypothesis is provisionally
formulated, and is about relating one phenomenon with another. Hypotheses have empirical
content, while assumptions are devoid of it. Assumptions are properly called zero principles,
for they do not refer specifically to any fact.

Pera defines the ‘transcendental fallacy’ as the misguided step of confusing the plane

20Cf. Achinstein 1971, Law and Ezplanation
'Marcello Pera 1981, ‘Inductive Method and Scientific Discovery’ in Grmek 1981. p. 147.
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of a priori conditions with that of the empirical contents made possible by the former.?? Thus
assumptions cannot be assimilated into hypotheses. The upshot of this discussion is that only
assumptions and not hypotheses logically precede observations. Pera’s argument leaves open
the question whether hypotheses logically precede observations.

We think that theory-ladenness of observations should not be considered a valid
objection against a logic of discovery, let alone inductivism, because of at least two reasons:
one pertaining to the context of genesis, and another pertaining to the context of development.
Even if all scientific observations are made later to the possession of a theory, we cannot
conclude that there cannot be non-scientific observations that are scientifically relevant in
the context of the genesis of scientific theories. (The distinction between scientific and non-
scientific observations will become clear after the distinction between structure dependent and
structure independent observations is introduced (See §6.2 page 163) If there exists a relation
or an inference pattern connecting the prior non-scientific observations and the scientific
observations, explaining the process of theorization, then the point that all observations of
scientists are theoretical cannot be taken as a valid objection against a logic of discovery.
This is because the nature of observations then would be different. We also consider that
all science, and all scientific observations are necessarily theoretical. The distinction between
theoretical and non-theoretical, scientific and non-scientific must be maintained in the context
of the genesis of science from non-scientific precursors. Since we believe (and also propose)
that there is a non-inductive pattern of inference that can explain theorization, the above
mentioned objections have no implications for our thesis.

The second reason in the context of development of science is that ‘theories’ can
beget ‘theories’. Though we will not say that omnia theorea ex-theorea (all ‘theories’ come
from pre-existing ‘theories’), we will demonstrate below that new theoretical structures can
come from pre-existing theoretical structures. If there exists a significant distinction between
theoretical and non-theoretical structures, then there must exist a manner by which we
can construct theoretical from non-theoretical precursors. Traditionally the believers of the
analytico-synthetic epistemological theme always attempted to understand how we move from
the known to the unknown. In Part-I, we have observed this in detail. No one who believed
in the theme held that knowledge or theoretical knowledge can be built either from a tabula
rasa or entirely from rational sources. We begin from where we stand, and based on that
footing we further go on climbing. Popper is correct in criticizing Lockean empiricism, but

his criticism does not stand against the analytico-synthetic theme, which we will also defend

22 Ibid.
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with certain renovations. Therefore we think that the argument based on theory ladenness
may be pitted against inductive accounts of theorization, but not against those generativists
who consider that all scientific knowledge is theoretical and theories can give rise to theories.

Thus, we see two movements: [1] Moving from non-theoretical elements to theoret-
ical elements is possible in the context of genesis. [2] Moving from pre-existing theoretical
elements to new theoretical constructions is possible in the context of development. These
two steps are illustrated in detail in the case studies in Part-II1. However, it should be pointed
out to the reader that as the thesis has developed, the need to avoid the expressions ‘theoret-
ical’ and ‘non-theoretical’ has been increasingly felt. Though we are not entirely successful
in the present work, we see the distinct possibility of avoiding the ambiguous terminology in
favor of a neutral one—structure dependent and structure independent (§6.2 page 163).

Another clarification needs to be made. It is one thing to say that all scientific ob-
servations are theory-laden, and quite another thing to say that all observations are theory-
laden. While we see the point of the former assertion, the latter is far from being true.
The latter can be made true by holding the position that all concepts are theoretical, which
however cannot be held along with the belief that scientific knowledge is epistemically dif-
ferent from non-scientific knowledge. The distinction between scientific and non-scientific
knowledge cannot be held without a distinction between two kinds of concepts, the scientific
and non-scientific concepts. For example, when Popper proposes the demarcation criteria
between science and non-science, ultimately it is the nature of the concepts that determine
their scientificity, which for Popper is falsifiability. This is because a concept that has no
empirical content, when employed in a statement makes the statement unfalsifiable. There-
fore we see that even in Popper’s model there is an underlying classification of concepts that
yield statements that are falsifiable and non-falsifiable (scientific or non-scientific). Accord-
ingly Popper must either concede a distinction between two kinds of concepts, or develop a
distinction between concepts and theories.

Popper’s demarcation criteria cannot sufficiently capture this requirement. For fal-
sifiability is too weak a notion to capture the character of scientific knowledge. The reason to
be stated is different from Quine’s objections, but related to it. It is possible to have isolated
statements that pass the criterion of falsifiability and not embedded in any system of state-
ments, but such falsifiable statements cannot be called scientific. Falsifiability can become
a delimiting factor, if it is worthy at all, only after the candidates of scientificity, whatever
they may be, pass the test of systematicity. A statement, for example, can be regarded as

systematized, if and only if it is found embedded in a system of logically compatible state-
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ments. A non-trivial notion of falsifiability, therefore, requires or should presuppose first a
division between systematic and non-systematic knowledge.

Consequently we can say that all scientific observations depend on systematic con-
ceptual connections, and, in this sense only, all scientific observations are ‘theory’ laden. This
position rules out free observations only in the realm of science, while it holds that free (i.e.,
non-theory laden or non-system laden) observations are possible in the non-scientific realm.
In the context of the genesis of science, the problem of how free observations enter into a
system that is already existing, or/and form into an independent system becomes relevant.
Systematization is known to be an essential component of scientific knowledge and cannot
be neglected. We will attend to the problem of genesis in the first two Case Studies.

We present here another example to show that observations can indeed be distin-
guished on the basis of a distinction between pre-scientific and scientific. Tycho Brahe’s
observation in 1572 of the exploding star in Cassiopeia was an important discovery in the
history of astronomy.?* The prevailing theory at the time of observation was the Aristotelian
doctrine that celestial matter is unchangeable. If it is true that theories necessarily guide
observations, then how could Tycho observe an exploding star, contrary to the Aristotelian
doctrine. ‘Explosion’ is a concept familiar to even a ‘savage’ mind. Once a meaningful con-
cept is formed in one’s mind, one can predicate it of any thing whatsoever. Thus it is not
necessary to have theories, let alone scientific theories to describe facts, what we need to
know is whether a state-of-affairs needs the application of a scientific concept or not. After
all scientists also use non-scientific concepts in contexts where they properly apply.

Thomas Kuhn’s examples also suggest that the term ‘theory’ is used in a place where
he should have used the term ‘concept’. Kuhn uses ‘concept’ and ‘theory’ interchangeably.
This can be demonstrated with reference to his own contention that what is necessary to
discover new phenomena is an alternative conceptual scheme. A conceptual scheme need not
be theoretical. In the case study on chemical revolution in Part-III, we have supported our
claim in detail.

Many examples in biology also support our distinction between pre-scientific and
scientific concepts. For example only after the discovery of the notion of phylogeny (which is
a scientific concept), were the earlier alpha systematics replaced by phylogenetic systematics.
We consider alpha systematics as pre-scientific.?*

Therefore it is one thing to say that all observations are concept laden, which we

also hold, but another thing to say that all observations are theory laden. We therefore think

2ZCf. R. Blackwell 1969, Discovery in the Physical Sciences p. 37
2AM. Bunge 1967, Scientific Research I: The Search for System, p. 83.



4.5. Epistemology of Discovery 101

that the thesis of theory laden observations cannot be an argument against generativism.

4.5 Epistemology of Discovery

In this section we shall respond to Larry Laudan’s challenge. We think that meeting
Laudan’s challenge is essential for a generativist, for it really sets the direction towards which
any philosophy of discovery must turn.

In Laudan’s paper, mentioned above, there are two most important points that need
our attention. One of them is best stated in his own words:

The historical vicissitudes of the generators’ program for establishing a logic of
discovery are utterly unintelligible, I submit, unless one realizes that the raison

d’etre for seeking a logic of discovery was to provide a legitimate logic of justifi-
cation.

We agree with him that traditionally logic of discovery was expected to provide a logic of
justification. Therefore, any defense of a logic of discovery must contain an argument to show
how it can also provide justificatory reasons. If it is not necessary for a logic of discovery to
play a justificatory role, then even if there is a logic of discovery, it is of the least consequence
(if not of no consequence) to philosophers or epistemologists.

The second major point Laudan makes is that generativism has ground only if
scientific knowledge is infallible. Since it is increasingly realized that scientific knowledge is
not infallible generativists have no ground to revive a logic of discovery. It is abandoned for
good. We think, that here lies the soft belly of Laudan’s argument.

To see that Laudan is weak on this point, we need to show that the proposed
connection between generativism and infallibilism is not necessary. It is further necessary to
show that no logical or philosophical constraint prevents one from being a fallibilist and also
a generativist.

What is the nature of the connection between infallibilism and generativism? Is it
logical or historical? If the history of philosophy shows that all generativists are infallibilists,
does it follow that they should remain so? What prevents them from being generativists and
fallibilists? Is this an irreconcilable option? Unless one can show that the combination of
fallibilism and generativism is not a logical possibility, Laudan and other consequentialists
cannot assume that logic of discovery has been abandoned for good.

Further, what is the nature of consequentialism and generativism? Is it possible
for some one to believe in both at the same time? Is this too an irreconcilable option? We

think that generativism and fallibilism, as well as generativism and consequentialism are
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reconcilable, provided that we can formulate a framework in which they can be shown to be
compatible. There exists only one way of showing that the stated option is impossible, which
is by defining the terms in such a manner that together they become impossible. But this is
not a significant option.

We agree with Laudan that infallibilism has been, and can be, more or less aban-
doned, but not generativism, for they are separable. We shall not throw out the baby with
the bath water. From a thesis of the fallibility of scientific knowledge, it does not follow that
the logic of discovery can be abandoned.

Laudan might respond saying that generativism is linked to justification, otherwise
it would be “utterly unintelligible”. The position of generativists was intelligible because the
logic of discovery was conceived at the same time to be a logic of justification. Traditionally
generativists held that (1) their ground consists of statements known to be true, (2) it is from
what is known that we ascend to new knowledge, and (3) new knowledge is justified knowledge
only because it is constructed from true knowledge. They believed that truth ‘ascends’ or
‘circulates’, to use the expression of Lakatos, from the basic statements to the newly arrived
statements. This knowledge, it was believed, stands in need of no further justification. That
is, simply, generativists believed in infallibilism. But after the advent of fallibilism this scheme
of things fell apart, because there seemed to be no inferential link, which at the same time
conserves truth between the ground knowledge and theoretical knowledge.

As we see fallibilism and generativism did not appear intelligible because they (tra-
ditional generativists) believed that truth is manifest; because they thought that truth cir-
culates up-stream. Since today we do not believe in the dogma that truth is manifest, we
could adapt fallibilism. But why abandon generativism?. Is generativism a notion that is
defined historically? If so there is nothing that prevents one from changing its meaning. So
we can renovate or revive generativism in such a manner that fallibilism and generativism
would become intelligible. We see that this is indeed possible, and can wake up generativists
to a new dawn!

The renovated generativist framework can be based on a distinction between the
epistemic values attributable to concepts, conceptual structures, definitions, mathematical
structures and models, such as meaning, closure, equilibrium, invariance, and symmetry in
the context of generation, on the one hand, and those of truth and falsity attributable to
scientific assertions in the context of application on the other. Thus, our proposal is based on
a distinction between two qualitatively different kinds of epistemic values those that validate

non-assertive structures which are vital in the context of generation, and those that validate
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assertive structures which are vital in the context of application. The relevant values in the
context of generation can be generalized as semantic value while the latter can be generalized
as veracity or truth.

The history of ideas also provides evidence to the fact that false theories are not
gibberish. Aristotle’s ideas on physics, for example, may not be believed today because
they are false, but on this token we cannot suppose that they are gibberish. Since we can
understand those false sciences, but not believe in them, it is clear that it is one thing to
make sense and another thing to believe that that which is sensible is also true. It may be
true that most of the time people, in some uncritical mood, may not take the trouble to
distinguish carefully the sensible ones from the believable ones. But logically the two modes
of thinking, making sense and believing are different, because the former does not force us
to the latter. Because belief involves assertion, we can say that all that is meaningful need
not be asserted.

The distinction that we are suggesting here is similar to the well known distinction
made between knowledge and understanding. While many philosophers are comfortable with
the term “knowledge”, Stephen Toulmin, for example, is not happy with it. He prefers the

use of the term “understanding” in place of “knowledge”. As he writes:

The basic process of scientific change has been described as ‘criticism and growth
of knowledge’. Rather, it should be characterized as ‘criticism and improvement
of understanding’. ... The alternative phrase ‘improvement of understanding’
... has the merit of redirecting our attention, away from the accumulation of

‘true’ propositions and propositional systems, and towards the development of

progressively more ‘powerful’ concepts and explanatory procedures.?

Though we will not go to the extreme of claiming that understanding alone is important, we
will say that understanding is a necessary condition of true knowledge. How can a method
of understanding, if there is one, be epistemologically irrelevant? We therefore think that
it is one thing to say that there is a logic of discovery of new meaningful ideas, but quite
another thing to say that there is a logic of discovery of true statements. It is easy to see
that here our presupposition is that only statements/assertions can be either true or false,
and not ideas or concepts. The latter are either meaningful or not.

The question naturally arises: Is epistemology the study of the meaningful? In the
case of scientific knowledge the meaning of a term is always structure-dependent. The kind
of structures that we come across in science, such as symmetric and equilibrium models,

have undoubted epistemic value. It may be an open question as to why and how these

%5Stephen Toulmin 1972, “Rationality and Scientific Discovery” PSA, pp. 390-99
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structures have epistemic value. Why is it the case that all great theories of science are
models of equilibrium and/or symmetry? On the face of it, symmetry and equilibrium are not
equivalent to truth. But it is a historical fact that they have an intimate relationship. We are
not suggesting that all symmetrical and equilibrium models would come out true, but we are
raising the question: why are all true scientific theories symmetrical or balanced models? And
most scientific terms that gain significance gain it from precisely those structures that have
these properties. Therefore, we should not consider veracity alone as epistemically relevant.
After all there are certain conditions that make us realize veracity. However instrumental
these conditions may be, they remain important insofar as the appraisal of true scientific
knowledge is concerned.

We think very strongly that it is possible to articulate a method of constructing
models that would have the properties of invariance, symmetry, equilibrium etc., and that
such a method would be based on an independent logical relation called inversion.

Based on these arguments we conclude that though Laudan is right in his historical
thesis that all traditional generativists were infallibilists, and the advent of fallibilism led
to the development of consequentialism, pure consequentialism is not the only alternative
of fallibilism. Generativism, fallibilism, and consequentialism can be reconciled within a
coherent analytico-synthetic framework.

In the following sections of the chapter, we shall elaborate and clarify the character

of ampliative logics.

4.6 Ampliative and non-ampliative inferences

Peirce classifies inferences into ampliative (synthetic) and non-ampliative (analytic).
Induction and abduction are included under ampliative inferences, and deduction is included
under non-ampliative.?6 We will also follow this classification of inference, but will include a
few other species of inferences, such as inversion and abstraction, under ampliative inferences.

The use of the term ‘logic’ for the various species of ampliative inferences would de-
mand clarification, for most logicians, and a large number of philosophers, do not consider any
of the mentioned species of ampliative inferences as proper logics. They consider deduction
as the only species of logic, and in most cases deduction and logic are regarded synonymous.
The main objection to calling induction etc., synthetic inferences is that they have no valid
inference pattern. We shall argue below (§4.7 page 105) that this view is shortsighted and

not acceptable.

26K.T. Fann 1970, Peirce’s Theory of Abduction p. 7.
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An ampliative or synthetic logic, it is usually understood, is that inference where
the premises do not contain the conclusion. The way it is stated implies necessarily that
ampliative inferences are invalid. In fact most scholars, including those who argued for
ampliative methods in epistemology, such as for example Nickles, consider them to be indeed
invalid. We will however differ from such a view. We will elaborate our argument below.

It is found necessary to amend the usage of the terms to our advantage by giving
them a new definition. The main reason for this is that the characterization of ampliative
inference has so far been dependent on the characterization of what non-ampliative logic/s
are. Therefore, we attempt to give a positive characterization in independent terms, i.e., in
ampliative logic’s own terms.

We will use the term ‘ampliative’ for only those patterns of inference that generate
new concepts by abstraction, or construct new concepts out of the available ones by certain
logics of abstraction, such as induction and inversion, to be defined below. We consider that
an ampliative inference must involve the non-assertive mode, and therefore will be necessarily
conceptual. Being conceptual does not mean that no premises would be present in the
inference, but that the outcome or ‘consequence’ would be conceptual in nature. Accordingly
ampliative inference would be rated either as sense preserving or not. Unlike non-ampliative
logic, such as deduction, which are truth preserving, ampliative logics are sense preserving.
Thus, ampliative inferences would be rated in terms of meaning and not truth. They are
valid, if and only if no gibberish is produced. Further constraints can be specified with respect
to the kind of ampliative inference, such as whether it is induction or inversion.

We shall first provide below an argument to show that ampliative inferences such

as induction cannot be called invalid.

4.7 Induction and Validity

Induction has been attacked as a logical process by many because inductive infer-
ence is not valid. The problem of induction consists in whether inductive inferences are
justified /valid, and whether the conclusions arrived by inductive inference are certain. We
think that this is based on an incorrect formulation of what induction is.

In all these discussions the terms ‘valid,” ‘follows’ ‘inference’ etc., are used in a sense
that is determined by deductive logic. Therefore, the problem of induction, we shall argue,
emanates from a predetermined notion of deductively valid inference.

We usually define valid inference as that inference when it is impossible for its

premisses to be true and its conclusions false, i.e., false propositions should not follow from
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true propositions. How many kinds of inferences do we know that pass this test of validity
apart from deductive inference? None. Is there anything more to the definition of valid
inference than this? Deduction is defined as: A valid argument in which it is impossible
to assert the premisses and to deny the conclusion without there by contradicting oneself.
There are various valid rules of inference within deductive logic, but all of them are provable
as theorems in a (axiomatic) deductive system. Therefore, whatever is deductively valid is
also a valid inference, and vice versa. That is to say that the notion of deductive validity is
equivalent to a notion of validity.

Any inference that satisfies this condition of validity becomes non-ampliative. It
may not be wrong to say that the validity condition ensures precisely that a valid inference
be non-ampliative.

Therefore, when we say that inductive inference is not valid, we are not saying
anything more than that it is non-deductive, or that it is ampliative. It says that spades are
spades or non-spades are non-spades. Whoever thought that induction is non-ampliative? It
is its ampliative character that makes it stand distinct from deduction. How about saying
that deduction is not valid (inductively valid) because it is not ampliative? Surely it would
be preposterous.

Having captured the essence of a logical pattern, such as deduction, we have been
precluding other ‘living’ patterns of inference in our thought out of not just that class which
satisfies the essence of deductive inference, but from the entire class of inferences. This narrow
approach has been preventing us from capturing the essence of other forms of reason, that
we otherwise regularly employ.

We therefore think that the claim that induction is an invalid inference is a trivial
one, and cannot be an objection against induction. Unfortunately we seem to have so far
no definition of validity that is independent of deductive logic.?” A deductivo-centric notion
of validity cannot be imposed on induction.?® If deductivists have to show that induction is
invalid, then they must first prove that there exists a notion of validity, that is independent of

and not determined by deductive logic. Till then their claim that induction is invalid remains

2THow reasonable would our argument be if we say that plants are non-living because they don’t have animal
essence? In fact that would sound quite ‘valid’ at a time when we would equate life with animality. But when
we find such qualities such as irritability outside the animal kingdom, we would naturally include plants too
along with many other beings, as living. Here, in the biological context, we could do so because and only
because, we have a definition of life that is independent of animality.

ZTronically it is deductivists who are behaving inductively. They had a class of inferences, which are
found to be characterizable by a common abstract notion of deductive validity, based on the principle of
non-contradiction. They called that class the class of valid inferences. Then they declared that all deductive
inferences are valid. Any inference that does not fall in this class of valid inference is non-deductive, and also
invalid, for it amounts to the same thing.



4.8. Induction as a Logic of Abstraction 107

a statement of the kind that non-spades are non-spades.

Do we have laws or principles of thought other than those already incorporated in
deductive logic? If we do, then we can claim to have obtained a ground for thinking of a
logic independent of deductive logic. The strength of deductive logic is based on its ground
in tautologies, the forms that need no content to validate them. We think that it is possible
to have similar grounding for ampliative logics. In what follows we will present our attempt

in this direction.

4.8 Induction as a Logic of Abstraction

We have argued in the above section that the usual accounts on induction suffer
from negative characterization, especially the arguments against induction based on validity.
In this section we shall first identify the distinguishable aspects involved in what we usually
call inductive inference and then show that abstractive induction, an aspect of induction to
be distinguished, can be shown to be based on a fundamental principle, which we call the
principle of excluded extremes.

We regard induction as an independent mode of ampliative inference for arriving
at knowledge. Philosophical problems of induction, according to our observation, arise due
to the characterization of induction as an inference that produces generalizations, that too
universal generalizations. Thus it is commonly characterized as a method of generalization
moving from statements about individual cases to an universal generalization. This dominant
statement mode has moulded the popular notion of induction. Having already stated that we
regard ampliative inferences as rooted in conceptual operations of thought, induction being
ampliative inference should also be rooted in conceptual operations, rather than statemental.
This is found necessary not only for a consistent view about ampliative inferences in general,
but also for a positive characterization of induction. The statement based characterization,
we will see, has misled philosophers, who could not see the principle upon which it is based.

Any ampliative reason must be a species of abstraction, for it is only in abstraction
that we can go beyond what is given. It is after all the conceptual richness that makes a
certain statement more powerful than others. Induction, being ampliative, must necessarily
be a method of abstraction or conceptualization. While abstraction is a necessary aspect of it,
another possible mode is associated with it, which is contained in the usual characterization
of induction as a method of generalization. It may also be called a method of generalization.
We prefer calling it ‘abstraction’ because abstraction, we will show, is a necessary aspect

of induction, while the generalization function of induction is a possible, and not necessary



108 Chapter 4. Epistemology of Discovery

association. This characterization also allows us to move away from the perniciously dominant
statement mode of thought. To avoid confusion we will use the term inductive abstraction.
In what follows, we shall clarify and justify our proposal.

29 For it does not

Deduction, we all know, is characteristically non-abstractive.
start from instances to instantiatables. Its characteristic movement is from instantiatables
to instances. It is a method of obtaining particular statements (instances) and hence it is
counteractive to abstraction. Induction involves, as we all know, a movement from particulars
to universals. We would prefer a neutral terminology and hence would say that induction is
a movement from instances to instantiatables.

Deductive inference is called valid because it is truth preserving. What should an
abstractive inference preserve for it to be valid? Truth or meaning? We propose that an
abstractive inference be regarded as valid iff it is impossible for it to generate gibberish. Since
meaning or meaninglessness are the proper attributes of concepts, which are ‘products’ of
abstractions, this is a natural choice. Since the products can take these dual values, accord-
ingly the process can be characterized as conducive to meaningful concepts or meaningless
concepts. Thus, we can say that a method of abstraction can be either + (valid) or - (invalid),
depending on whether we obtain an instantiatable concept or not.

One very common method of abstraction is the method of comparison, which can
be defined as follows. The method of comparative abstraction is defined in the familiar sense,
as a method of eliminating differences and ‘elevating’ similarities from a given set of objects.
This method of comparative abstraction can be rooted in the principle of comparison, which

can be explicated as follows:

(1) It is impossible to compare an object with another in a world where every object has all

properties.

(2) It is impossible to compare an object with another in a world where no object has any

property in common.

(3) It is possible to compare an object with another only in a world where objects do not

share all properties, and where objects have some property in common.

These principles describe situations in three possible worlds, and say that the world (1) and

(2) are so extreme that comparison makes no sense. In world (1) all objects are identical,

2We are not saying that deductive logic is not abstract. It is after all an abstract form of an aspect of
reason. What we are saying is that it is not employed for the purpose of abstraction.
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and in the world (2) every object differs from every other object, a world of unique individ-
uals/identities. If Plato would try his method of dialectic in the first world he would obtain
only one Universal, which cannot be further analyzed into any genera or species. Similarly
if he tried his method in the second world, he would obtain as many Universals as there are
objects, and would again fail to find genus-species relations among forms.

However, if Plato would try his method in the third world, he would not only be
able to get Universals that are not as few as one, but also not as many as there are objects.
He would be able to find many tokens for each type, and since in this world objects share
properties, it is possible to obtain genus/species relations between the various types. There-
fore, the method of comparison, a method that works by finding differences and similarities
among objects, will not yield results in the worlds (1) and (2), while in the world (3) it would.

It is easy to see that (1) and (2) are absolute contraries, and therefore cannot be true
at the same time, i.e., they cannot be put together to yield any world. If we exclude the two
extremes we get a world which is a world of excluded extremes. The principle of comparison
has application in this world of excluded extremes, therefore this principle can be called the
principle of excluded extremes. Compare it with the principle of excluded middle, which is
also called the principle of non-contradiction. We will regard both these principles, i.e., the
principle of non-contradiction and the principle of excluded extremes, as equally fundamental
in their own right. Each is independent in the sense that one cannot be deduced from the
other.

If we make comparison a necessary condition of knowledge (as defined by Plato—
definitional or analytical knowledge), then we can rephrase the principle, again in the expli-

cated form, as follows:
(1) It is impossible to know in a world where every object has all properties.

(2) It is impossible to know in a world where no object has any property in common with

the rest.

(3) It is possible to know only in a world where objects do not share all properties, and

where objects have some properties in common.

We will base the method of inductive abstraction on this principle of excluded extremes (or
the principle of comparison). Note that there exists a difference between the method of
comparison and the method of inductive abstraction. The difference is that, for the latter
it is necessary that two or more properties show a possible linkage by being present in more

than one instance, i.e., correlational input is necessary, while for the former, correlations
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between properties is not necessary. Therefore we can say that the method of comparison is
presupposed in the method of inductive abstraction.

Let us also note that abstraction requires more than one object. Since differences
cannot be eliminated and similarities cannot be elevated from situations (1) and (2), it is
also impossible to count in those worlds. This is so because counting presupposes at least
one similarity in a set of objects, and also that all objects within the set be dissimilar in
some respect, including spatio-temporal respects. Since mathematics is impossible without
numbers, no mathematics is possible in a world where comparison is impossible. Therefore,
the world where comparison and induction are possible is also the world where mathematics is
possible. The other ampliative method, namely the method of inversion (to be introduced in
this thesis), is possible only in a world where mathematics is possible. Therefore, inversion
is impossible if induction is impossible. Thus, in the methodological framework that we
are proposing induction occupies a basal place. However, we shall see that the ampliative
potential of inversion is far greater than induction.

Since a possible abstraction is to move from objects to their characterizables, by
isolating the similarities and differences, an impossible abstraction is to move from nothing
to anything, i.e., from 0 to 1. This says merely that it is impossible to form a type if there
aren’t any tokens, and that it is possible to form types only if there are tokens. It is in this
logical circle of types and tokens that the method of abstraction is rooted. Breaking this
circle is not the objective of this essay, and therefore we shall not get into other possible
philosophical problems at the moment.

We know that the essence of deduction consists in the following statement: It is
impossible for the premisses to be true and its conclusions false, i.e., false propositions should
not follow from true propositions. In a similar manner, we can capture the essence of ab-
straction in the following statement: It is impossible by comparative means to obtain a type
which has no tokens. It is in this statement that the certainty of ampliative logics resides.
The method of inversion, we will see below, has the potential of obtaining types that have
possible tokens even before the tokens are given to experience. And it is here that the most
significant difference between induction and inversion resides.

Abstraction imposes the constraint such that unnecessary proliferation (amplifica-
tion) of types without tokens will not take place. Deductive logic, on the other hand, imposes
constraint in order to remain only in the world of types which are assumed to have tokens,
which in other words is to say: never move from truth to falsechood. We are assuming the

following general interpretation of a statement: A statement is nothing but a relation between
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type/s and token/s. A true statement is that which asserts that a token belongs to a type;
Since abstraction begins from tokens that are typable a valid abstraction is that which yields
a type. While abstraction is designed to yield meaningful types, deduction is designed to
preserve truth. Therefore, the former has to be ampliative, while the latter non-ampliative
or conservative.

It is important to see that abstraction is ambiguous, for there are two possible
inferences. One is that we can generate a type that has meaning, and second is that it
immediately yields a statement in that very context of generation. This is easy to understand
because for every type thus obtained, a statement asserting the type-token relation, can
be constructed. Thus, every abstraction necessarily yields a statement which is a trivial
application of the obtained type to those very tokens of the context of generation. For
example, an abstraction leading to the type ‘red’ applies truly and trivially to those tokens
that are red. Thus it is important to note that no context of generation can be actually free of
the assertive mode. The attempt to separate the two modes—assertive and non-assertive—is
based on logical reasons. The logical reasons will be made clear below.

Every object that deduction operates on must be either a statement asserting a
relation between type/s and token/s, or a statement asserting relations. Unlike deductive
inference, which is always a logical operation on statements, a method of abstraction does
not restrict its objects to statements. We shall look at abstraction based on relations in the
next chapter.?’ Having shown how a method of abstraction can be understood as grounded in
the principle of excluded extremes, we shall now turn our attention to characterize inductive
abstraction.

The objects upon which inductive abstraction can operate can be anything typable—
statements, concepts, percepts, things, etc. We can abstract upon abstractions, at a level
higher than the method of comparison. This higher level of abstraction or comparison can
be called inductive abstraction.

The problem with the traditional treatment of induction lies in interpreting it as a
method of generalization. Given that x is ¢, xo is ¢, x3 is ¢, . . . , we infer, therefore
‘all s are ¢, or in the probabilistic tone ‘all xs are probably ¢.” We are not claiming that
generalizations cannot be obtained, by radically disagreeing with the traditional treatment.
We are however saying that induction, insofar it is an ampliative inference, should not be

interpreted as a method of generalization, but should be interpreted primarily as a method of

30Different kinds of statements can be obtained by the different possible associations between type/s and
token/s. At the moment we are not diverting our attention to other methods of deduction and other possible
methods of immediate inferences.
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abstraction, because the products of this ampliative inference are new concepts or new types.
Further we shall claim that since this abstractive aspect is based on the principle of excluded
extremes, this aspect of induction is necessary. Since types are not to be rated (valued) as
true or false—but as tokenable or not—we have another reason to separate the abstractive
aspect from the generalization aspect. Since every type that has tokens is nothing but a
meaningful type—meaningful concept—the method of induction has to be rated accordingly
as meaning generator, and not merely as a general statement generator. We shall elaborate.

An abstracted type can not only be applied to those tokens that were part of the
context of generation, but also to other tokens that are not part of the context of generation.
The ampliative power of abstraction lies in this projectability of concepts. Whether the con-
cepts are obtained by the method of comparison, or by the method of inductive abstraction,
the ampliative power is by virtue of its projectability. However, the concepts obtained by
inductive abstraction may or may not find more application in contexts other than the con-
text of generation. Just on this count that further projection of the concepts thus obtained
cannot be certain, the inductive abstraction does not lose its epistemic significance, or its
capacity to yield fallible knowledge. Having already abandoned infallibilism, we are no longer
looking for any methods that can generate infallible knowledge.

Projectability says merely that it is possible that all tokens of X are also the tokens
of ¢. Or in other words, it says that it is possible that X ¢—the complex correlated type—
can (and not, will) have common tokens (instances). The conjunction of the two types, X ¢,
projects possible knowledge about the world, and not necessary knowledge.

One might say that we are trying to save induction by eliminating the necessary
mode of induction and rephrasing it in the possibility mode. We will show below that it
would be utterly insignificant for induction to be in the necessary mode, because, we shall
argue, it is necessary that induction operates in only the possible modality.

We have stated a few paragraphs above that the abstractive aspect of induction
is necessary because it is based on the principle of excluded extremes. In the paragraph
above this, we said that it is necessary that induction operates only in the possible modality.
Aren’t we presenting a contradictory view of induction? We think that there exists no
contradiction, because since induction is based on the principle of excluded extremes the zone
where inductive operations are significant is that where possibility is the ‘order of things’.
The point made here is that it is impossible that induction could operate significantly in the
necessary mode.

To see why it is significant for inductive abstraction to operate in only the possible
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modality, let us construct a world such that all inductive generalizations come out necessarily
true. That is whenever an object was known to have any property ¢, ¢, ... , all such objects
would always possess that set of properties. What kind of world that can be? If we find
an object bearing properties ¢ and v for an entire day (or for any duration) in that world,
according to the rule of induction which never fails in that world, we can make a generalization
that that kind of object will have ¢ and 1. In case those objects are found the next day
without any of the properties, then the induction would fail. But we have stipulated that
the world be such that induction can never fail. Therefore it is sufficient for the knowledge
maker in that world to keep on looking and noting all correlations between properties. If
any two properties happen to be together they would be together forever. All that our ideal
scientist need to do is just to make note of all instances of linked properties. Can we expect
any contingent events in that world? Will it be possible for an object to take on a property
today, another tomorrow? We will have to answer negatively because if such an event is
possible then induction would fail in that world.

To make things clearer let us construct another possible world, where induction
would never come out true. All relations would be contingent in this world. The only possible
way of knowing in that world would be to experience individually every thing, otherwise no
complete knowledge would be possible. The knowledge maker cannot infer anything from
anything, for no connection is necessary.

The world that we live in is neither of the first kind, nor of the second kind. It is not
of the first kind because we have so much evidence to prove that induction, interpreted in the
necessary mode, fails. It is also not of the second kind because some of the generalizations
achieved inductively have not been proven false. Therefore, the world we live in is a world
where inductive generalizations come out true in one case and fail in another case. Our
objective here is not to explicate the nature of this world, which is a metaphysician’s task.
Since we are playing methodologist now, our objective is to show that induction would be
significant only in the middle world, whether it is ours or not. Why? Because we have seen
that if inductive generalizations are always true, then it would be insignificant as a method.
Since input to induction comes exclusively from experience, under the two above mentioned
cases induction has nothing more to say than what experience gives. All that we need is to
experience and that is the end of it. There is no possible role for any inference or method
under such situations. The same is true of the second case above, where induction is always
a failure.

We need a method for searching truth only if truth is not manifest. We need a



114 Chapter 4. Epistemology of Discovery

method like induction, in the non-necessary mode (with possible projectability), only in
such a world where mere experience is not sufficient. Since the middle world is such a
world, induction makes sense only there. Since experience is insufficient we need to make
some inferences to reach the world. The objective of inductive inference is to know the
possible linkages, because there exists a chance that some might turn out to be necessary.
We therefore think that induction is a method by which we can arrive at possible linkages
between properties, namely correlations. Through the method of induction we cannot arrive
at certain or necessary knowledge, but only possible and fallible knowledge.

Therefore a proper inference of induction should be: Given x1 is ¢, x2 is ¢, x3 is

¢ - -+ we inductively infer that

(1) It is necessary that X ¢ is a meaningful conception.

(2) It is possible that all xs are ¢.

(1) is inductive abstraction, while (2) is inductive generalization. We have included both
under one head of induction because they are obtainable from the same input. Here lies the
ambiguity of (the context of) induction.

The most important epistemological reason for separating the abstractive compo-
nent from the generalization component of induction is the following. In the event of a
counter instance that falsifies (2), (2) alone would be rejected, and this act of falsification
would not affect (1). The reason is obvious. Since (1) is a conception, it cannot become
meaningless, i.e., cease to be a valid notion just because the properties are not necessarily
linked. The only condition of concepts to be meaningful is that they have instances or to-
kens. For example, ‘All plants are green’ is an inductive generalization. When it is found
false by instances of plants that are non-green, the conception of ‘green-plant’ has not be-
come meaningless. ‘Green-plant’ continues to enjoy the status of a taxonomic category, for
a large number of properties are found linked in this natural class. Neither the cognitive
significance nor our knowledge became weaker by the event of falsification. In fact every act
of falsification enhances our knowledge of the particular.

One of the upshots of this view is that falsification means nothing more than an
incorrect application of a concept. Even if an assertion is falsified, the concept involved in the
assertion cannot be rejected altogether, if and only if the concept was obtained by inductive
abstraction. If the conceptions are obtained inductively, then in any case they are bound to
stay, whether they continue to have true projection or not.

Can it happen that the conception thus formed, X ¢, becomes meaningless, in which

case (1) will not be necessary? The sufficient condition for a concept to have meaning is that
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it has at least one instance. Since the concept is abstracted from the given (known) instances,
it is impossible that the thus formed conception lacks any meaning. Hence the abstractive
inference is necessary.

The problem of the certainty of inductive generalizations will be regarded as ill-
posed because induction, as shown above, is by nature meant to yield possible knowledge
and not necessary knowledge. Is possible knowledge, knowledge? Why not? Indeed it is
our thesis that scientific knowledge is knowledge of the possible. Scientific knowledge is not
a system of necessary propositions and certainly not a system of tautologies. For science
to have any empirical value, in the sense that it can make any significant assertions, it is
necessary that it speaks about the possible truths, and not necessary truths. This is another
way of expressing what, we think, Popper says that falsifiability is the hallmark of scientific
knowledge. It is ironical that it was Popper who fought against induction. For a fallibilist like
Popper, who believed that truth is not manifest and that science is not a system of necessary
truths, the problem of induction should have become ill-posed. Our point is that the problem
of induction ceases to be a significant problem precisely because we have already abandoned
infallibilism.

Can we call inductive inference a logic? If validity of the inference is the criterion
of a logic, then we shall have to first agree on the definition of validity. As observed above
we cannot agree to a deductivist’s definition of validity as truth preserving, and the reasons
are specified above. But, since any ampliative inference is sense preserving, we can define a
wider notion of validity that can apply to both inferences. A valid inference be that which
preserves some value of the objects involved in an inference, whatever that value be. Since
intuitively we understand that logic has something to do with thinking pattern, the values to
be preserved would be those attributable to any thought object. Statements, and concepts
are considered examples of such objects, where for the former the positive value attributable
is truth, and for the latter it is meaning. We, therefore, consider inductive abstraction a valid
inference, and therefore a logic. Our major presupposition in the thesis is that meaning and
truth are logically distinguishable epistemic values. If one were to show that they are not so
distinguishable the thesis, needless to say, loses ground.

It should be noted that our objective is not to propose that the inductive method is
a sufficient condition of scientific knowledge. To generate scientific knowledge we need certain
other methods such as the method of inversion, to be explicated in the following chapters. It
is found necessary to defend a version of induction as a possible source of scientific knowledge,

because we want to show that the emergence of fallibilism gives new life to induction provided
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we interpret induction the way we did above. It is thus our objective to show that abandoning
infallibilism has no necessary consequence of abandoning generativism. We have tried to
argue that it is necessary for an ampliative inference to generate concepts, which are neither
true nor false, but are applicable (projectable) or not. Therefore generativism of concepts is
indeed a possible philosophical option.

It may be objected that we are surrendering and weakening epistemology by doing
so. On the contrary we will show that epistemology would regain lost ground only if we
invert our epistemological concerns from truth to meaning. Along with the rise of fallibilism
in recent times, there is another trend on the rise, called the semantic tradition. Though the
historians of philosophy have not yet traced the full development a commendable beginning

31

has been made recently by Alberto Coffa.”* We cannot here discuss the development of

semantic tradition, for that is beyond the scope of this essay.

4.9 Nickles on Discovery Logics

Of all the defenders of generativism the most notable views are those of Thomas
Nickles. Nickles has been defending the discovery program for more than a decade, and is
possibly responsible for keeping the debate alive. Most of his contributions after 1980 have
a common motivation, which is to revive the epistemology of discovery, which—after the
advent of consequentialism—has been regarded as abandoned. Apart from Nickles there are
many others who form a company of thinkers who think that an epistemology of discovery
is possible, and have put forth their arguments.?? Nickles has reviewed the literature more
or less comprehensively. Therefore it would be a repetition to review already well reviewed
works. Instead, we will comment critically on the most recent views of Nickles (1990). By
doing so we will also get an opportunity to further clarify our own position regarding a large
number of questions that we have not considered in the above account. Since most of the
views taken by Nickles are based on the several objections against a logic of discovery, it is
necessary to respond to them. However, the limitation is that unless our thesis on possible
logic of inversion is sufficiently developed it would not be possible to argue our position.
Therefore, we shall be content with a summary of Nickles’ position, and also a summary of

our matching position to give an indication to the reader where are we heading.

31Cf. Coffa 1991, The Semantic Tradition: From Kant to Carnap.

32While C.S. Peirce and later N.R. Hanson have been the classic ‘friends of discovery’, H. Simon, P. Achin-
stein, M.W. Wartofsky, S. Toulmin, T. Nickles, E. Zahar, N. Koertge, M. Pera, R. McLaughlin, D. Shapere,
P. Thagard, G. Gutting, R. Blackwell, M. Curd, K. Kelly, among many others, have been forwarding various
versions of epistemology of discovery.
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According to Nickles:

(1) there is no Logic of Scientific Discovery, but there are logics of discovery!
There is no logic of discovery in the sense of a single logic underlying Scientific
Method; but there do exists many logics of discovery, even in the strong, histor-
ical sense of actual use. (2) While there is no content-neutral logic of discovery,
there are many rather local, substantive or content-specific methods that merit
the name ‘discovery logics’. (3) The new discovery logics that emerge in times
of major historical breakthrough nearly always postdate the breakthrough. Such
a logic is not the cause or explanation of the corresponding discovery; rather, it
is a a methodological part of the discovery itself. Typically, discovery logics are
rational reconstructions of results arrived at by more haphazard routes. They are
worked out by critical reflection on how the substantive problem solutions were
originally achieved and how these methods might be streamlined or otherwise
improved. They are what I term discoverability logics. They are idealized discov-
ery procedures—methods that could have been employed to make the original-
breakthroughs if (contrary to fact) we had known then what we know now. These
discoverability logics reduce problem solving in that domain to routine and can
sometimes provide the basis of new, original discoveries.33

The epistemological justification for the program, according to Nickles consists in the fact

that “an adequate confirmation theory must include a dose of generative justification.” 34

Further, unlike consequential testing,

generative reasoning flows from what we already “know” (so-called background
knowledge or positive science) to some other claim or problem solution. ... The
generative strategy is to provide empirical support by direct construction of the
claim from what we already, fallibly know, while the consequentialist strategy ...
can only be indirect and eliminative.3?

Nickles’ line of providing epistemic justification is contained in this powerful statement: “the
strongest form of justification is an idealized discovery argument.”?% He distinguishes origi-
nal discovery arguments from discoverability arguments. Generative justification consists in

offering one or more discoverability arguments.

The final argument amounts to a potential discovery argument in the sense that
it constructs the theory (largely) from what is, by now, already known. Hence
the counterfactual: had scientists known then what they know now, they could
have discovered the original idea in just this way.37

33T Nickles 1990, ‘Discovery Logics’ Philosophica p. 901.

34T Nickles 1988, ‘Truth or Consequences?: Generative Versus Consequential Justification in Science’ PSA
1988 p. 393.

35 Ibid, p. 394.

% Ibid.

37 Ibid.
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Nickles, however, shares the position held by Pierce and pure deductivists’ spirit by conceding
that there are no content-increasing (ampliative) valid inferences.3

These thoughts deserve complete attention and assessment. Though our comments
in this section will be brief we will return to them in the rest of the essay, and finally in the
last chapter of the thesis we make a final presentation in the form of a conclusion. In order
to make it clear that we take a position different from that of Nickles we shall briefly state
the following points that match with the propositions of Nickles.

We claim that, (1) though there are logics of discovery, their number is limited,
and is not equivalent to the number of problem situations or domains of inquiry; (2) logic of
discovery, or for that matter any logic, has to be content neutral; (3) though it is necessary
that all logics of discovery should be capable of providing rational reconstructions, their
testing ground is in the context of learning/teaching, for historical context can never be
repeated; (4) there are content increasing valid inferences; (5) justification of knowledge is
double pronged, the first prong concerns the context of generation, where we go from the
known to new knowledge, and the second prong relates to the context of application, where
the move is from the new knowledge to its applicability to new situations.

Having already seen the possibility of valid ampliative inferences we disagree with
Nickles on the point that no such inferences are possible. Apart from the method of com-
parison and inductive abstraction as valid inference patterns of yielding meaningful fallible
knowledge, we will see how another logic, called a logic of inversion, can also be a valid
ampliative inference for construction of scientific knowledge. This logic of inversion will be
founded on another fundamental principle called the principle of included extremes which be-
comes the basis of the possible logic of inversion. Since there are possibilities of developing a
general notion of validity, generativists should not accept the narrow and deduction centered
views of validity.

How many logics of discovery are there? Can logics of discovery be content neutral?
These questions are interdependent. If the answer to the latter question is positive, then
there cannot be many logics of discovery. If negative then there are many logics of discovery.
Because if content determines what method be applied then there are innumerable contents
as there are problem contexts or at least domains of inquiry, in the sense of Dudley Shapere.3?

Nickles argument appears convincing.

The reason why a completely content-neutral (a priori) method of discovery is

38Nickles 1984, ‘Positive Science and Discoverability’ PSA p. 21.
39Cf. Shapere 1977, ‘Theories and Domains’ in Suppe 1977, The Structure of Scientific Theories, pp. 518
599.
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apparently not possible for empirical science is that such a rule could teach us
nothing about our world. A logic of discovery is an amplification device. Apply
it to some knowledge (or to hypothetical claims) and it generates further claims.
Since a completely neutral rule is one incorporating no knowledge about our
particular universe much less about any particular scientific domain, we cannot
expect a neutral ampliative rule to improve on blind guessing. And anything
deserving the label ‘logic of discovery’ must do that.*°

However, we think that, ampliative logics can, and should be content neutral. We think that
the logic of inversion that we are about to propose can be formulated as a content-neutral
logic, and therefore reduces the number of logics necessary for discovery.

It is not necessary for a logic to provide any content, what is needed is that it should
provide the form. However, if it is an ampliative logic it should be providing us the form of
possible formations. What basis do we have to think that there exists no form or at least
few form/s to the methods of formations (constructions)? Most modern, and highly abstract
algebraic theories of mathematics are indeed content-neutral.

Nickles’ position seems to be challenging Kant’s claim that synthetic knowledge is
possible a priori. He says that he is following the naturalistic epistemologists in denying the
existence of a completely neutral logic of discovery. He goes on to show that mathematical
theories are not content neutral. He quotes Einstein’s famous remark approvingly:

As far as the laws of geometry refer to reality, they are not certain; and insofar
as they are certain, they do not refer to reality.!

He argues that the syntactical instrument like mathematics

can be usefully applied only to empirical domains of knowledge (or conjectures)
that are already highly organized in just the right sort of way.*?

We agree here, but we conclude some thing else. If empirical domains of knowledge are highly
organized before syntactic instruments start ‘playing’, then the challenge for a believer in
logic of discovery consists in finding out if there are any method/s of organizing empirical
domains of knowledge. The use of the expression “logico-mathematical method” ( in p. 909),
and interpreting mathematics as a “syntactical instrument”, suggests that Nickles considers
logic to be necessarily syntactic. We have argued in the previous sections, to disprove this
dominant view, that semantic methods (valid methods of ampliation) make sense. Methods
of abstraction, including mathematical ones, are not syntactic, but they are methods of

constructing the forms that various possible constructions can have.

49Nickles 1990, op.cit. p. 907.
41 1bid p. 910.
42 Ibid.
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The position we will defend is that there are methods of generating meaningful
concepts. The input for this method/logic will be taken from what is already known. That
way, there is already content to begin with. However, if the method is not determined by the
nature of the content, then the method can be regarded content-neutral. Since it is precisely
in this sense that deductive logic is content-neutral, we think that a logic of construction can
also be content-neutral. Keeping in mind the tension between the ampliation and content

neutral logic we will develop the rest of the thesis, and shall return to the issue towards the

end.



Chapter 5

Nature and Structure of Scientific

Knowledge

It is argued above that generativism need not be and should not be abandoned,
for the arguments against generationism are not convincing. It is suggested that ampliative
inferences of a valid kind can be articulated. Since it is claimed that the outcome of a valid
ampliative inference is a meaningful concept, the following questions would naturally arise:
What has meaning to do with scientific knowledge? Is it sufficient for scientific knowledge
to be meaningful? What is worthy of science if it is only meaningful and not true? After all
metaphysics is also meaningful, but not scientific. How is meaning epistemically significant
for scientific knowledge? In order to show that generativism, especially the version of gener-
ativism that we are going to defend here, would be a significant proposal, questions of the
above kind should be answered satisfactorily. All these questions can be answered more or
less satisfactorily by a clear notion of scientific knowledge. In what follows we will develop
our thesis on the nature and structure of scientific knowledge.

We have talked about induction as a method of abstraction, but we also hold the
position that induction cannot be a sufficient means of generating scientific concepts. How-
ever, we have mentioned that another sort of ampliative inference called inversion would be
able to generate scientific concepts. What then are scientific concepts? Is it possible to pro-
pose any demarcation criterion between science and non-science? If we are not clear on these
questions, then talk of generating scientific knowledge and proposing a logic of discovery for
such a knowledge does not make sense. Our discussion of this problem begins in this chapter,
and we shall continue to explore for an answer till the end. The essential framework of our

exploration will be elaborated in this chapter.
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The problem of the nature and structure of scientific knowledge is one of the deeply
involved problems of philosophy of science. The problem mainly consists in answering pri-
marily, though not exclusively, the question: What are scientific theories? Are they axiomatic
calculi in which theoretical terms and statements are given a partial observational interpre-
tation by means of correspondence rules? Is it possible to delimit our analysis of theories to
a rational reconstruction of fully developed theories? Or since the question is intimately tied
to language and experience, should all the epistemic factors governing the discovery, develop-
ment, and acceptance or rejection of theories be considered under one garb of weltansshauung
or Lebenswelt? Are not theories extralinguistic entities, like propositions, which may be ex-
pressed by various linguistic formulations? Are they not equivalent to models isomorphic to
physical systems or states? ...

Each question above presupposes a particular view of scientific theories, and the
various ways in which these questions are formulated indicates the complexity and multi-
faceted nature of the issue. None of the proposals can be rejected outright, unless one
delimits one’s purpose at hand. Keeping in mind that our purpose is to understand the
problem of generation and application of scientific knowledge we shall confine ourselves to

the methodological and epistemic aspects of the issue.

5.1 Framework of Analysis: The Semantic Approach

A number of attempts have been made in answering the question of the demarcation
of scientific knowledge from other forms of knowledge. We have seen in Part-1 how variedly
scientific knowledge (or episteme) was defined by different thinkers. Different varieties of
criteria have been proposed, each of them making an effort to capture the essence of scientific
knowledge. Some of the criteria are methodological, some are based on the substantial nature
of the elements of knowledge, some are based on the nature of the sources, some on the
semantic and structural features of the knowledge etc. But we have also seen how changes
in view regarding the objects of knowledge caused changes in the nature of the methods
employed. Most of the proposals were failures, but only if viewed as sufficient conditions of
science. That is to say that none of them can be rated as completely invalid characterizations.
It is not an easy task to achieve a synthesis of these approaches either. Therefore, it is
appropriate to think that the problem cannot be understood completely from any one of the
approaches. However, in such a situation we should make a choice based on good reason
guided by the purpose at hand. It would also be a good reason to choose to work with

such an aspect of scientific knowledge that could find at least definite linkages with other
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aspects. Therefore, based on the two good reasons, our choice is to identify certain necessary
elements of scientific knowledge that fall within the scope of one broad thematic-pair form
and content. The pair ‘form and content’ has been a philosopher’s favorite. But, with regard
to the present problem, certain other thematic-pairs have begun to dominate and control the
discourse in the present century.

The view that we shall develop can be better stated by comparing it with the most
popular approach in the philosophy of science. Most of the recent studies in the century
centered their discussion of the subject based on the thematic-pair observable (factual) and
unobservable (theoretical). For a century or so the philosophical problem par excellence has
been to understand the relation between theory and fact. The problem is often posed as the
problem of ‘theoretical terms’ and ‘observational terms’. Though a number of interesting
problems are posed, none of them could be resolved. The questions “What is a fact or a
theory?” or “What is observable and unobservable?” remain unsolved problems to this day.

Hilary Putnam wrote in 1962 that

the almost untouched problem, in thirty years of writing about “theoretical terms”

is what is really distinctive about such terms.!

We could safely substitute ‘thirty years’ by ‘sixty years’ today, because none of the explica-
tory attempts that were made from 1962 to this day are completely successful. However, new
proposals have been made. Most interestingly, some of the new proposals consider the com-
plexities involved in the observational-theoretical distinction as extraneous to an adequate

analysis of scientific theories. For example Suppe says:

The fact that science manages to go about its business without involving itself
in such complexities suggests that the distinction is not really required or pre-
supposed by science, and so it is extraneous to an adequate analysis of scientific
theories.?

This is the view shared by the proponents of the semantic approach of scientific theories.
The view escapes some of the problems rather satisfactorily. However, we cannot therefore
say that the original problem—the problem of observation-theory distinction—is entirely ill-
posed. There is a significant part of the basic problem, which is to account philosophically for
the fact that science postulates processes and entities not directly accessible to observation

in order to account for the phenomena that are directly observable. This part of the problem

! “What theories are not?” in E. Nagel, P. Suppes, and A. Tarski (Eds.) Logic, Methodology and Philosophy
of Science, p. 243.

2Suppe 1972, “What’s Wrong with the Received View on the Structure of Scientific Theories?” Philosophy
of Science, p. 10.
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persists even if we suppose that the original problem, as stated by the positivists is ill-
conceived. Bas van Fraassen, another proponent of the semantic approach, states that

science aims to find a true description of unobservable processes that explain the
observable ones and also what are possible states of affairs.>

It is one of the essential features of scientific theory that it should have a capacity to deal
with possible states of affairs. We therefore think that though science begins the ‘journey’
in search of principles accounting for problematic observable phenomena, it in the process
constructs or creates certain structures which we normally call theories, that could account
for not merely the observed phenomena, but also observable (not yet observed) phenomena
and unobservable (in principle) ‘phenomena’ as well. Thus apart from what is actual, it could
generate and account for “possible states of affairs”. Here lies the constructive capacity of
scientific activity.

The question arises, if theoretical constructs are so essential to science then why did
the positivists take the project of eliminating them so seriously? We think that they have
misunderstood scientific theories to be abbreviations or nominal definitions of a collection of
basic statements.* They took theories to be merely new expressions introduced for pragmatic
reasons. Their philosophical basis is rooted in confusing theories with nominal or formal
definitions.

To define a sign formally is to adopt it as shorthand for some form of notation
already at hand. If the sign has a preconceived meaning, as in the present in-
stances, and the definition suits that meaning, then the definition amounts to an

elimination: it shows that the sign is dispensable in favor of those occurring in
the definition. To define a sign is to show how to avoid it.’

This maxim (italicized sentence), is the basis of the positivists’ motive, as well as confusion.
They would have been right if scientific theories in fact are definitions in the above sense. But
they are not, because the constructed definitions always have more ‘capacity’ than what nom-
inal definitions could contain. This extra capacity contains the “possible states-of-affairs”.
We will argue in the next chapter that scientific knowledge contains constructive definitions,
which are formed by a special logical relation, that we shall call inversion, that brings to-
gether the problematic observable phenomena and the unobservable (the created) in a single

ineliminable form or construction. Their elimination would mean the elimination of the

3van Fraassen 1980, The Scientific Image, p. 3, italics ours.

“We have seen above (§3.3 70 the Machian influence on logical positivists.

5Quine 1951, Mathematical Logic, p. 47, italics ours. Quine uses the term ‘formal definition’ while Hempel
uses the term ‘nominal definition’, but they meant the same. Cf. Hempel Fundamentals of Concept Formation
p- 658.
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essence of scientific knowledge. Only when description of phenomena are couched in these
constructions, can phenomena be scientifically described vis d vis non-scientific descriptions.
Most scientific facts are not raw data, but “hard-data”.® For the positivists facts are basic
observation statements, and not “hard-data”. Scientific theories, according to the semantic
view, are not applied to events simpliciter, but to events under a particular description—
structured facts. This amounts to saying that scientific observations, and not necessarily all
observations, are ‘theory’ laden, or dependent on certain constructions.

Another necessary point to note is that science does not and possibly cannot deal
with complex phenomena all at once, but usually with limited kinds of phenomena and that
too by employing a few of the parameters abstracted from them. That is, the abstracted
parameters that are ‘lifted’ from the phenomena are supposed to be idealized representations
or constructed images of the phenomena given in direct experience. But this is not possible
by inductive abstraction (§ 4.8 page 107) as the positivists believed. Science begins with the
set of idealized objects and remains there. This is precisely the reason why scientists have to
create an experimental world that looks like an idealized world, and make observations in that
‘artificial”’ world. Thus idealization and experimentation go hand in hand. In cases where real
experimentation is not possible, for whatever reasons, scientists are often involved in thought
experiments in order to simulate such possible worlds where their ideas appear meaningful.
The history of science provides ample evidence of the fact that the rise of experimental science
was necessarily associated with idealization and thought experiments (Cf. § 2.1 page 47 and
§ 8.3 page 255).

Not only are the idealizations constructed by scientists non-inductively obtained,
but also the obtained constructions can generate a set of “physical systems”, consisting of
both “logically possible” and “causally possible” systems. Suppe says that scientific theory
must specify which of the logically possible physical systems are 