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Saunders’ argument is an interesting one, which bears close attention from those
interested in the general question of the relation between physics and metaphysics, as
well as those interested in the special questions of the nature of time and being.

Don Robinson raises an important methodological question for philosophers of
physics: How should one go about identifying the salient conceptual similarities and
differences between physical theories? After a brief discussion of the interpretative
problems of quantum field theory and their relation to those of quantum mechanics and
classical field theories, he goes on to make some very interesting remarks concerning the
significance of contemporary mathematical work on particle-like solutions of classical
field equations (such as solitons and instantons) for the project of understanding
the conceptual structure of quantum field theory. Robinson’s idea is that an examination
of the details of the techniques which physicists use to construct particle-like models of
quantum field theory will lead to a more profound understanding of the nature
of particles in such theories than abstract metaphysical discussion of the concept of
particles ever could. This leads him to suggest that the key to understanding particles
in quantum field theory is to examine classical particle-like solutions, and the means by
which physicists construct particle-like quantum solutions out of such classical models.
Attention to detail is required here: a careful analysis of the senses in which the classical
solutions are particle-like is called for, along with an account of which of these senses
carry over to the quantum regime. Robinson’s programmatic paper presents a very
promising suggestion for future research.

In summary, this useful collection contains quite a few papers which deserve to be
widely read. It will, of course, be of greatest use to those working on quantum theories.
But I think that it will also be of some interest to general philosophers of science who
have the technical background to read these papers. One of the salutary benefits of the
broadening of topics treated by philosophers of quantum theories is that the field is
becoming a richer source of epistemological and metaphysical puzzles for those inter-
ested in the relations between distinct scientific theories as well as those interested in the
relation between physics and metaphysics.

GORDON BELOT
Department of Philosophy
Princeton University
USA

Reconstruction of Scientific Theory Change (Russian title: Rekonstrukcija Processa
Smeni Fundamentalnih Nauchnih Teorii)

RiNAT M. NUGAYEV, 1989
Kazan, Kazan University Press
208 pp., ISBN: 5-7464-0240-0

This book presents an elaborate analysis of the widely discussed problem of reconstruc-
tion of scientific theory change, based on material from theoretical physics. Its critical
part aims at establishing the shortcomings of the main existing models of reconstruction
of scientific revolutions, both from a logical point of view and by comparing them with
the “real historical process” of scientific progress. It gives a detailed, although not
complete, analysis of the ideas of such authors as T. Kuhn, I. Lakatos, P. Feyerabend,
E. Zahar and G. Holton, the empiristic account of the notion of “crucial experiment”,
as well as of some leading Russian philosophers of science such as V. Stepin, E.
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STR over Lorentz’s theory. According to the various reconstructions in the empirical
tradition, this victory came as a result of the unsatisfactory explanation of Michelson—
Morley’s experiment given by Lorentz’s theory. Some authors consider the STR, and
especially the postulate of the velocity of light, as a direct account of Michelson—
Morley’s experiment (M. Born, H. Reichenbach). Others place this theory choice
situation in the light of the ad hoc relations of both theories to this experiment (K.
Popper, G. Holton). As Nugayev shows, however, most scientists of that time did not
consider either Michelson’s experiments from 1887 on, or Michelson—-Morley’s exper-
iment, as a refutation of Lorentz’s theory. In addition, agreeing with E. Zahar, he points
out that neither of the theories formulated prior to 1905 had been an ad hoc theory.

In spite of their many positive ideas regarding the reconstruction of scientific theory
change, Kuhn’s and Lakatos—Zahar’s models encounter significant difficulties in their
own solutions to the theory choice problem. Taking the example of the Lorentz—Einstein
transition, Nugayev shows convincingly some of these difficulties. The historical recon-
struction of this transition, developed by E. Zahar, misinterprets in several points the
real historical process. In fact, it appears inefficient even according to the criteria of the
methodology of scientific research programmes (MSRP) that underlies it. Some of the
problems with this reconstruction, as Nugayev shows, have their reasons in the short-
comings of the MSRP itself. The most serious ones point to the fact that Lakatos’s
model takes the main elements of the scientific research programme for granted, and
does not explain their real formation and development. It could be concluded that the
methodologist himself creates these elements, which makes some descriptions of sci-
entific theory change as “progressive” and “regressive”, or the choice between different
reconstructions of the same historical period within the scientific research programme
quite subjective and arbitrary. Furthermore, the MSRP gives only a description to a
particular theory choice situation, without defining any normative criteria for resolving
such situations. It also cannot explain the fact that in all historical examples, there are
only two competitive research programmes.

Kuhn’s model does not provide a solution to these difficulties and in addition
encounters some others. As in the MSRP, it allows the coexistence of more than two
competing paradigms. Even more, the competing paradigms cannot be alternatives at
all, as they are incommensurable. The Kuhn-Feyerabend thesis of incommensurability,
according to which there is no objective basis for comparison between two competing
paradigms, as their respective languages cannot be translated into one another, encoun-
ters more serious problems. In fact, it is not working in the contemporary theory of
gravitation. The language, developed in this theory, is neutral to either of the competing
metrical and non-metrical paradigms. It is the language of both the STR and Newton’s
theory of gravitation. It is heavily theory-laden and describes the results of both the
metric and non-metric relativistic theories of gravitation. Furthermore, Kuhn’s model
does not deal with the relations between two or more “old” paradigms, as it only
describes the structure and dynamics of one paradigm and the transition from the “old”
to the “new” ones. Moreover, it does not provide a theoretical reconstruction of this
transition and remains as a result essentially incomplete. The attempts in developing
further Kuhn’s model by providing a structural analysis of the concept of paradigm
(Stegmuller) have not produced any improvement, but have only highlighted this
incompleteness. According to Nugayev, not only Kuhn’s model, but neither of the other
currently existing models of scientific theory change provide a theoretical reconstruction
of the rise of theory choice situations. The coexistence of empirically equivalent theories
is merely taken as a fact, without being theoretically accounted for.
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Nugayev’s own theoretical model of scientific theory change aims at providing a
more adequate approach. According to the author, such a theoretical model should
necessarily be a normative one, which means that it should provide a system of methods,
norms and ideal models for scientific knowledge. His first step is to define a view on the
structure of a highly developed scientific theory, one that substantially differs from the
standard axiomatic views. The theoretical statements of such a theory are statements
about the relations between abstract theoretical objects, which can be either fundamen-
tal or derivative. Derivative objects are constructed out of the fundamental ones, while
the latter are constructively independent from each other and form the basis of the
theory. These sub-systems of abstract objects are organized in a hierarchy within the
theory. The relations between the theoretical bases of two (or more) scientific theories
have to be analyzed only in those cases when both theories are needed to explain some
experimental results. Such cases are called “an encounter” of two or more fundamental
theories and they result in the construction of new derivative objects out of the
fundamental objects of these theories. The new “hybrid” objects are sub-systems of both
(or all) theories. Their construction is equivalent to a process of ascribing new qualities
to the derivative objects of each theory that existed prior to the encounter. As a result,
at least within one of the theories we may find derivative objects endowed with
contradictory qualities, which rises a situation called a “contradiction of the encounter”.
There are two ways for resolving this contradiction: reductionist (the reduction of one
theory to another) and synthetic (the synthesis on an equal basis of all theories). They
both consist in the creation, by different means, of a new, more general theory which
aims at preventing the construction of derivative objects on the basis of the “old”
theories. Nugayev prefers the synthetic programme which, according to him, is more
efficient in resolving the contradiction.

Each of these two ways for developing a new global theory is realized in an
alternative scientific research programme. Unlike Lakatos’s model of scientific research
programme, however, Nugayev’s model contains less conventionalist and arbitrary
elements. Both the reductionist and the synthetic programmes have their ideal for a
global theory, which defines the direction for the scientific research programme.
Furthermore, his model accounts for the so-called problem of the existence of empiri-
cally equivalent descriptions. Scientific theories, formulated within alternative research
programmes, are necessarily, but only partially, empirically equivalent. Outside certain
boundaries, they describe and explain different phenomena. In addition, Nugayev’s
model gives an original interpretation of the concept of “crucial” experiment. There are
no constraints for the existence of such experiments, as every anomaly that a theory
encounters could be crucial for that theory. “Crucial” experiments, however, can occur
only within the framework of a contradiction, resulting from the encounter of two or
more fundamental theories. They do not falsify the respective theories, but only indicate
the existence of such contradiction. The solution to the contradiction consists in the
development of a new, global theory.

Nugayev’s model of scientific theory change is extensively tested on the example of
the Lorentz-Einstein transition. The result is an empirical justification of his model,
which shows not only that it works quite well in this particular historical reconstruction,
but also that it explains some historical facts that have been left aside by some other
authors. The main conclusion of Nugayev’s historical analysis states that all three
Einstein articles published in 1905, as well as his other works on statistical mechanics
and the quantum theory, have to be considered as elements of one and the same
research programme, which aimed at unifying classical mechanics and classical electro-
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dynamics. Lorentz was developing this unifying research programme by trying to
classical mechanics to electrodynamics. The reductionist character of his r
programme was the main reason for its empirical regress, as he failed to create a
electro-magnetic field model of the electron. On the contrary, all of Einstein’s w
the STR, on statistical physics, and on the quantum theory, as well as his later v
the general theory of relativity, initially aimed at developing the program
unification of mechanics and electrodynamics. In fact, his work on the quantum
played a very important role in the acceptance of STR and its victory over Lc
programme. This initial research programme was later divided into two indep
programmes, leading, respectively, to quantum and relativistic physics. The his
quantum theory, however, has to be considered as an essential element of the his
relativistic research programme, in order to understand both the creation and
ance of STR by the scientific community.

Nugayev’s historical reconstruction should be prized not only as an “em;
justification of his model of scientific theory change, but also for its own contril
for the understanding of this particular period of the history of physics. In the |
his model, the real process of the transition from Lorentz’s to Einstein’s r
programmes receives quite a different interpretation compared to some other hi:
reconstructions. Thus, Zahar’s historical account of this period considers only o;
relativistic) side of the transition. Nugayev has shown that, in the real proces:
creation, STR was a step toward the creation of the quantum theory and tl
reasons for the victory of Einstein’s over Lorentz’s programme cannot be com
understood without taking into account the work by that time on the quantum
Finally, let me note that Nugayev’s model of scientific theory change, as every «
idea, raises many interesting questions. The author is completely aware of th
points out some of them himself. For example, it remains to be shown how unive
model is, in other words to what extent it could be applied to other historical
of theory change and to other sciences than physics. Even more important
question of how it works in contemporary physics, a question that seems very ¢
Nugayev’s heart. These and other questions undoubtedly deserve further inquir
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