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The aim of this article is to establish whether econophysics can cause a scientific revolution and fundamentally
change the image of mainstream economics. Science development processes were carefully analysed by Kuhn, who
even created a specific vocabulary for it. The most important phrases include paradigm and scientific community.
When comparing the disciplinary matrices of econophysics and economics, it has to be stressed that despite the
absolute compatibility of the goals of both sciences, econophysics is not — as postulated from time to time
— a new econometric approach that entails the application of physics in studies of economics, but rather it is
a scientific field totally different from economics. The disproportion between the disciplinary matrices of both
sciences regards such elements as symbolic generalisations, models, values, and exemplars. Therefore, it seems
that progressive accumulation of knowledge in economics will reveal new anomalies as well as deepen existing
ones, making a paradigm shift inevitable. A scientific revolution should be expected at an international level, and
in such countries as Poland it will be external and forced. The reasons for that lie in psychology and history.
In 1989, in Poland and in other post-socialist countries, a rapid change in the disciplinary matrix of economics
occurred and involved the replacement of the socialist economic paradigm with the capitalist economic paradigm.
Another scientific revolution of such nature is right around the corner and entails replacing the disciplinary matrix
of economics with the transdisciplinary matrix of econophysics. Since Polish economists have tried very hard to
resist such a great number of changes, the paradigm shift will require deep involvement and much work from young
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scholars.
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1. Introduction

The origins of econophysics date back to 1995, though
the concepts of physics have contributed to the develop-
ment of economics since its very beginning [1]. It seems
that the issue of assimilation of econophysics, which is
still a new idea for economists, may be due to the normal
management science placed in Kuhn’s general structure
of scientific revolutions [2]. In order to solve it, it is nec-
essary to identify possible differences in the paradigms
of the mainstream economics and econophysics as well
as to define the principles of the functioning and collab-
oration of scientific communities focused on them. Of
great importance is also the explanation of perception of
econophysics by Polish and international economic com-
munities as it strongly affects the development of econo-
physics and its practical applications, both in Poland and
abroad. It also seems that a new scientific community,
a result of a scientific revolution in economics, could not
be hierarchical in structure as postulated by Kuhn [3].

2. Kuhn’s vocabulary
As Kuhn suggested, a paradigm may be perceived lo-

cally or globally [4]. Paradigms are an inseparable part of
scientific communities which accept them. A paradigm
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in a global sense coincides with the concept of a disci-
plinary matrix, which consists of four main components:
symbolic generalisations, models, values, and exemplars.
Symbolic generalisations are formalised matrix compo-
nents of logical formulae. Models express analogies ac-
cepted by a given scientific community and sometimes
even include ontological issues. Values include the crite-
ria of rational acceptance and rejection or choice of scien-
tific theories. Exemplars include standard examples of a
community, meaning specific scientific problems and their
exemplary solutions. On the other hand, a paradigm in
a local sense is associated exclusively with exemplars.

Since a paradigm and a scientific community are
phrases related to each other and their scope and log-
ical sense are close to each other, to avoid a vicious
circle of reasoning, scientific communities are perceived
as autonomous beings. A scientific community is com-
posed of people specialising in specific fields. A field has
its own well-developed communication network, which
mainly results from unanimity in professional matters.
According to Kuhn, scientific communities are hierarchi-
cal in structure. The higher-level group include all scien-
tists, whereas the lower-level groups consist of physicists,
chemists and biologists. Every community consists of nu-
merous sub-groups, but that division ends with groups of
about one hundred people who carry out their academic
research as part of a specific field.

The source of scientific revolutions is the dispropor-
tion between the disciplinary matrices of related disci-
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plines which grow due to the accumulation of knowledge.
Anomalies play a big role in that process as they are
unsolvable scientific problems under a given paradigm.
They are ignored as long as possible since they often re-
quire a new vocabulary or even a completely new method-
ology. Accumulation of knowledge and more and more
common anomalies lead to a crisis in a given science, i.e.
to a period when scholars ponder the foundations of their
theories. Usually, a crisis is overcome during a scientific
revolution which entails replacing the old paradigm with
a new one. A scientific revolution, if it occurs, is a sharp
process, though changes are not necessarily immediate.

3. The paradigms of econophysics
and the mainstream economics

Econophysics and the mainstream economics will be
compared by applying the concept of a paradigm in a
global sense, thus in terms of a disciplinary matrix. Ta-
ble I (at the end) presents an overview of representative
literature on econophysics which suggests that the goals
of econophysics and economics coincide with each other
because both econophysics and economics are about solv-
ing the most fundamental problems related to the func-
tioning of markets and national economies. The central
point of interest of both sciences are studies of the sta-
bility of financial markets and attempts to solve certain
macroeconomic problems, especially those related to sus-
tainable development and economic growth. The first
thing to be established is whether or not, despite the
same goals, the disciplinary matrices are comparable to
each other.

Econometrics does not seem to be the right way of in-
corporating econophysics into the mainstream economics.
However, econophysics and economics are so different
that they have to be considered as separate sciences.
Econophysics is an inductive science, based on observa-
tions; therefore, it is an empirical discipline. It entails
studying how markets and economies function so empir-
ical data are not put in a priori models. Economics is
totally different. As a rule, it is a deductive science where
mathematical modelling is applied; therefore, it is based
on certain axiomatic systems. According to Kuhn, the
disciplinary matrices of such sciences are fundamentally
disproportionate. In fact, material differences come to
the surface at the level of symbolic generalisations. When
it comes to mathematical systems, if a logical formula is
part of a problem solution, then it always looks the same.
Even if it takes different form, it will be possible to re-
duce such a formula to its original form by the rules of
substitution, identity or other syntactic rules. In empir-
ical sciences, like econophysics, symbolic generalisations
function in a different manner; in fact, they are draft
generalisations being patterns and its detailed symbolic
nature may vary depending on the system [4].

Differences between symbolic generalisations in eco-
nomics and econophysics can be exemplified. In the
mainstream economics, the main symbolic generalisation
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is the quantity theory of money, which assumes a rela-
tion between the amount of money in circulation and the
general price level of goods and services. Usually, it is
presented as follows:

MV

where M — nominal money supply, V — transactions ve-
locity of money, P — general price level, Y — real out-
put. Relation (1) is dubbed the equation of exchange.
The quantity theory of money is also presented as the
Cambridge equation

M
5= kY, (2)
where k£ is part of the nominal national income (P -Y)
kept by economic operators for convenience and security
as a stock of money. If one assumes that k is an inverse of
transactions velocity of money being V', then the Cam-
bridge Eq. (2) is the same as the equation of exchange (1).

On the other hand, in econophysics, generalisations are
special patterns, an example of which may be the power
laws. They can describe the wealth of entities under sta-
ble financial conditions

N (s) = Cs™ %, (3)
where N (s) is a number of entities generating profit not
lower than s, C is a constant, and o > 0 is a criti-
cal exponent. The power laws are independent of scale.
When § = s, N (§) = CN (s), thus the change of scale
does not affect the basic statistical behaviours of the sys-
tem. Law (3) was discovered at the end of the 19th cen-
tury by Pareto, an Italian economist, who established
that the relation in question is universal for o = 1.5 be-
cause it applies to incomes of societies in different coun-
tries [118, 119]. Other symbolic generalisations very fre-
quently employed in econophysics are market histograms.

Vast differences in symbolic generalisations result in
similar differences in other components of the disciplinary
matrices: models, values, and exemplars. Econophysics
models are generally inductive and economic models are
usually deductive. Numerous econophysicists believe
that cognitive values should be empirical and the main-
stream economics lacks such empiricism.

The disproportion between the paradigms is also vis-
ible when it comes to exemplars. The extent of dis-
proportion may be demonstrated by examples. The
most interesting exemplar in mainstream economics is
the efficient market hypothesis. It was formulated
by Samuelson, a 1970 winner of Nobel Prize in eco-
nomics, who employing purely mathematical reasoning
proved that capital market price fluctuations are ran-
dom [120-122]. Based on the assumptions of rational
behaviours of investors and efficient market, he proved
that the following relation exists:

E{P;11|Py, P1,..., P} = P, (4)
where P, is an expected value of securities in ¢t 41, and
Py, Py,..., P, is prior price fluctuations. Equation (4) is
true for stochastic processes called martingales. Econo-
physics addresses this problem in a completely different
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way; it is assumed that financial markets are complex
adaptive systems. In recent years, certain deterministic
mechanisms that govern the behaviours of those markets
were found which, in turn, put the efficient market hy-
pothesis in question [123, 124].

Accumulation of knowledge in both disciplines reveals
anomalies in both the mainstream economics and econo-
physics. In the first case, they are already critical which
can, but does not have to, precede a scientific crisis,
whereas in the second case, they are spotted and reme-
died relatively quickly. From the economic perspective,
one has to distinguish between two types of crisis: a crisis
in economics (as referred to by Kuhn in his scientific rev-
olution theory) and a crisis in the economy. Generally,
the latter is a consequence of the first. Thus, the greatest
anomaly in economics is a global financial crisis in terms
of theory (the crisis not anticipated by Kuhn’s “normal
economics”) and practice (the crisis leading to enormous
destruction of nations’ wealth).

4. Requirements for success
of the econophysics revolution

One has to agree that econophysics triggered mate-
rial changes in the understanding of economic processes.
Their full and long-term evaluation is impossible at this
time since the revolution is not over yet. However, one
may now assess whether the new paradigm will last and
be effective. Johnson formulated the effectiveness cri-
teria for any economic revolution [125]. There are five
requirements and all of them have to be met:

(1) the core elements of the existing orthodoxy have to
be put in question,

(2) a new theory should include valuable elements of
its predecessor,

(3) innovative beliefs should have an adequate level of
difficulty in order to discourage the older generation of
scientists from learning,

(4) a new and more appealing methodology has to be
developed,

(5) the revolutionary theory has to address important
and previously unknown empirical relations, thus laying
foundations for new econometric research.

All of the foregoing were met by the Keynesian theory
in the past. Let us briefly discuss whether econophysics
can meet those requirements.

Table I proves that the first requirement is met since
econophysics successfully solves the core economic issues
in terms of the functioning of markets and the growth
of national economies. The second requirement seems to
be the most difficult to meet. Beside their goals, econo-
physics and the mainstream economics have little in com-
mon. However, the traditional economics has seen nu-
merous non-linear models which can be studied in detail
and developed using the non-linear dynamics methods.
As mentioned earlier, those models could be taken over
and developed in econophysics [1]. This process has al-
ready begun and one should expect the intensification
of efforts in the future. The third requirement has been
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met, which is proved by the results presented in Table I.
The analysis of professional affiliation of the listed au-
thors proves that over 90% of them are physicists. The
methodologies applied in those papers confirm that only
the concepts of physics were employed. On the other
hand, the mainstream economics is chiefly the field of
economists, to whom methods applied by physicists are
usually not familiar. The fourth requirement is obvi-
ously met as econophysics generally employs methodolo-
gies previously non-existent in economics. The fifth re-
quirement has also been met, as may be proved by exem-
plars. Though one of the most essential exemplars in the
mainstream economics is the market efficiency hypothe-
sis, in econophysics there are empirical counterexamples,
e.g. the fractal market hypothesis and the coherent mar-
ket hypothesis [126, 127].

In evaluating future relations between econophysics
and economics, three main possibilities should be taken
into consideration. The first of them involves absorp-
tion of mainstream economics by econophysics, which
would have to imply that economics would become one of
branches of physics, such as optics or mechanics. Thus,
economics as such would gradually disappear, and its
most valuable components would be taken over by econo-
physics. The second possibility would involve the reverse
phenomenon, with economics absorbing econophysics. In
such a case, economics would take over methodological
foundations from econophysics, which would make econo-
physics a declining science. The third possibility, which
appears most probable, would be an intermediate solu-
tion. Currently, research scopes of both sciences resemble
partly overlapping circles (with identical research objec-
tives), while the integrity of both economics and econo-
physics is preserved. However, the intersection of both
sets is not too large. In the future, the continuation of
this status should be expected, with the intersection pre-
sumably growing. In this sense, econophysics may con-
tribute to a revolution in economics, while most probably,
both sciences will still preserve their own identity.

5. Chances for success of the econophysics
scientific revolution in Poland and abroad

One of the first attempts at making Polish economists
interested in the application of physics in economics
was made in 1958 by Rawita Gawronski, a Polish
economist [128]. If he had been taken seriously, perhaps
today Poland would be the worldwide leader in econo-
physics. However, it did not happen and econophysics is
barely covered in Polish literature on economics. There
are only few papers discussing this discipline quite accu-
rately [129-133]. This means that chances for success of
the econophysics scientific revolution are greater abroad
than in Poland.

This time, the problem in question should be tack-
led taking into consideration the principles of operation
and cooperation of scientific communities focused on the
econophysics and economics paradigms. The analysis
of professional affiliation of the authors listed in Ta-
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ble T proves that the Polish community of econophysi-
cists is part of the worldwide community of experts in
that field rather than part of the Polish community of
economists. The worldwide community of econophysi-
cists is a community also separate from the worldwide
group of mainstream economists, though it seems that,
in this case, the boundaries between the communities are
vaguer when compared to Poland. This suggests that a
scientific revolution triggered by econophysics, if it oc-
curs at all, should shift the paradigm of economics first
internationally and then in Poland. From the point of
view of Polish economists, a factor forcing change will
be external. The situation will be similar to the situa-
tion in 1989, when external changes forced the shift of
the centrally planned economy paradigm to the market
economy paradigm. This implies that reasons for a pos-
sible delay in shifting the paradigm of Polish economics
are mainly psychological and historical factors. Scien-
tific revolutions, especially as fundamental as a paradigm
shift in economics, cannot happen too often due to the
resistance of the scientific communities to change. Mean-
while, Polish economists have not yet recovered from the
effects of the 1989 scientific revolution and they are al-
ready facing another revolution. This may lead to even
greater resistance; one should not be surprised that Pol-
ish economists find it difficult to embrace econophysics.

The aforementioned transformation of the disciplinary
matrix in economics is very probable and fits Kuhn’s pat-
tern of scientific revolutions, but with two exceptions.
The first exception concerns the structure of a new scien-
tific community and the second exception is about the ne-
cessity to replace the disciplinary matrices with a trans-
disciplinary matrix.

Kuhn explicitly says that scientific communities are
hierarchical in structure. Such a statement could have
been deemed correct in 1962 when his fundamental work
on scientific revolutions was published. No such trans-
disciplinary fields of science as econophysics were present
then, but it is different today. The new community to
be formed after the paradigm shift in economics, whose
beginnings we are now witnessing, should be horizon-
tal in structure since it would be some third group
partially composed of representatives of two already-
existing and generally separate groups: econophysicists
and economists. Other possibilities, such as absorption
of one science by another, are much less likely.

New economics, which would be a result of Kuhn’s sci-
entific revolution, should entail a new kind of paradigm.
It would involve replacing the traditional disciplinary ma-
trix with something I call a transdisciplinary matrix. It
would contain not only the knowledge of economics, but
also the methodologies from natural sciences, particularly
from physics, chemistry, and biology [134].

6. Conclusions

Contemporary mainstream economics needs a
paradigm shift because it is producing an increasing
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number of anomalies. The development of economics
seems to be consistent with Kuhn’s pattern of scientific
revolutions, though the best candidate for the cause of
such a revolution seems to be econophysics because its
goals are identical to the goals of economics. However,
there are two exceptions. The first exception would
involve a new community being horizontal in structure,
and the second exception would be the necessity to im-
plement a transdisciplinary matrix. One should expect
a scientific revolution on an international scale and its
impact on economics in such countries as Poland would
be delayed and forced by external factors. Difficulties in
the assimilation of econophysics by Polish economists are
of psychological and historical nature. In 1989, a similar
change in the disciplinary matrix of Polish economics
occurred; it involved replacing the socialist economy
paradigm with the capitalist economy paradigm. It was
forced by external factors. An econophysics revolution
would be of similar nature and that explains why such
changes would face resistance from scientists. If there
actually was a revolution, the new scientific community
would consist of — apart from econophysicists —
economists who would work under three paradigms:
socialism, capitalism, and econophysics. Since there
would not be many of such people, any revolution has to
be the doing of the younger generation of scholars.
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