
Introduction

Until some decades ago any sustainable episte-
mological model for whatever science, according to
the proper meaning of that word, should possess at
least two leading characters: reductionism (1) and a suf-
ficient amount of formalism (possibly mathematical or
chemical, etc.) endowed with considerable computa-
tional and previsional power. Scientific disciplines
could be either experimental (sciences of observation)
or purely logical-mathematical (sciences of deductive
demonstration), but both should proceed according to
some reductionism and symbolic formalism (2)

The lack of one or both properties (reductionism
and formalism) would have weakened, if not strongly
compromised, the right for any discipline to be inclu-
ded into the catalog of genuine and respectable scien-
ces. Therefore, if mathematics and physics could exhi-
bit their own pedigree attesting their uncontaminated
scientific descent, more troubles were encountered by
chemistry (3) (originated as alchemy, see ref. 4) as long

as it was unable to ground itself on experimental and
theoretical physics and to invent a suitable symbolic
formalism. Many more problems arose for sciences
dealing with life and man, such as biology and espe-
cially medicine, sometimes considered as proper to an
art than a science. The realm of humanistic and social
disciplines (psychology, sociology, economy, ethics and
politics, etc.) was left in great part to philosophy or
even to theology, unless a mathematical approach (at
least of statistical nature) could be set up inside them.
Medicine has being living, in some sense, in an inter-
mediate land (5). On one side, it received stimulations
to develop its theoretical framework according to a
physical-chemical reductionism (splitting the human
body-man into single isolated organs, cells, genes,
proteins, macro-molecules, etc.). On another side it
was fascinated by the so called non conventional ap-
proaches (especially the ones referring to the Oriental
traditions, or to the Western Mediaeval ones, percei-
ved sometimes more as mystery carriers than actual
doctrines) and tried, in some cases, to investigate their
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tested results in order to understand them starting
from our usual scientific stand point. Skeptical obser-
vers would consider as scientifically acceptable only
the former way (reduction to biology, chemistry and
physics) and substantially as “magic” the latter one (at-
tempt to catch something irreducible to hard scien-
ces), even if, in some circumstances could prove itself
as effective (?) or at least worth of increasing attention.
How to distinguish true science from magic illusion,
sometimes dressed even with a pseudo-religious habit?
How to distinguish between irrational attitude, New
Age vogue (6) and serious epistemological and metho-
dological new instances, rationally grounded?

In the last decades the situation has been deeply
modified respect to past times. Some issues appearing
for the first time in biology and medicine, and in hu-
man disciplines (sciences of living or thinking beings),
e.g. the problem of a teleonomic behavior and a fina-
listic orientation of evolution (7), the matter of infor-
mation (8) and organization of incoherent matter into
an organized or a living system endowed with a
unifying informational principle, the question of intel-
ligent cognition and mind-body relationship (9) have
shown their irreducible roots as present also into the
hard sciences, like chemistry, physics and mathematics,
and not only in biology, medicine and human sciences.
The criticism of reductionism (the whole is not redu-
cible to the sum of its parts and vice-versa) has appea-
red, for the first time, as a matter which is not neces-
sary related to a philosophy inspired to vitalism or spi-
ritualism (10)

Complexity, whole and parts, dynamics, attractors,
chaos, order, information, self-organization, teleonomy, fi-
nality, project, intelligence, mind, concept, self-similarity,
analogy, etc., are the new words arising today, practi-
cally, inside any science. They sound similar, even if not
identical, to some (Latin) terms of ancient (Greek and
Mediaeval) philosophy of nature, metaphysics and lo-
gic: complexio, totum et partes, motus, quies, ordo, forma,
finis, intellectus, anima, intentio, similitudo, analogia
(entis), etc (11-13).

It seems that the need, for science, to reconsider
its logical and metaphysical foundations, emerges as
an internal problem (as a matter of self-consistency, as
a condition for new progress in explaining experience
and systematizing theory in a non contradictory way)

and no longer as an exterior appeal coming from out-
side (e.g, from moral philosophy and theology). I do
think that it would be profoundly unscientific to ap-
proach the new-ancient problems emerging from
sciences as a symptom of irrationality, or a pathology
of human reason itself, to be solved following some ir-
rationalistic philosophy, or pseudo-religious vogue.
On the contrary the new instances look like evident
claims in order to revise some aspects of current scien-
tific methodology (i.e. reductionism, univocism, me-
chanism, new forms of positivism, etc.) and to search
for a wider notion of rationality (14). A sort of new
scientifically claimed ontology could, reasonably,
emerge following this way (see, for instance the Web
site http://www.formalontology.it). A theory of logical
and ontological foundations of sciences, common in
its essential aspects, to any science, since it would pro-
vide the principles and methods which cannot be re-
nounced to avoid contradiction. Probably a non trivial
theory of foundations common, at least in its main
principles, to all sciences, would be of significant help
also to biology, medicine, human and philosophical
disciplines (and even to philosophy and theology!),
beside to logic, mathematics, physics, etc.; and it could
favor mutual dialog and reciprocal understanding as a
establishing a reference language spoken by all scien-
tists (on the foundations of sciences see, e.g, the Web
site http://www.pul.it/irafs/irafs.htm) (15).

Some examples

Mathematics and logic

a) Non linearity. It may appear as astonishing but
some problems which, in ancient times, where dealt
with in the context of philosophical disciplines, like
metaphysics and natural philosophy, have a relevant
mathematical “interface” in today’s sciences. The clas-
sical metaphysical principle of the irreducibility
between the whole and its parts, for instance, arises in-
side mathematics whenever one attempts to approach
non linearity. One could reasonably say that the
mathematical formulation of non reductionsim is re-
presented by the emergence of non linear “objects”
(e.g. non linear functions, non linear operators, non li-
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near differential systems, etc.). In fact non linearity in
mathematics, means, by definition, that some “objects”
cannot operate on something (interpreted as the whole)
in order to obtain it as a “sum” (suitably defined) of so-
me other things (interpreted as parts) and vice-versa. In
symbols mathematicians can write down the previous
sentence, according to their own mathematical lan-
guage, by an inequality formula like:

f(x + y) ≠ f(x) + f(y),
in which f stands for any non linear “object” (a

function, a differential operator or other), f(x), f(y) re-
present the parts and f(x + y) the whole generated by
the action of f on the things denoted by x and y. Whi-
le linearity is defined by the equality:

f(x + y) = f(x) + f(y).
In effect, mathematicians know many things

about linearity, since any linear approach and metho-
dology allows to split (reductionism) a complicated
problem (the whole) into simpler and solvable ones
(the parts). Then one comes back simply by taking the
sum of the solutions of the splits, a sum which repre-
sents the solution of the original problem (i.e. the
whole). This one is, for instance, the way of operating
of the integral calculus, which is typically reductioni-
stic. Of course some amount of reductionism is una-
voidable and legitimate in science, and it proves suc-
cessful; but in many complex situations and systems
(the most interesting ones for an higher level approa-
ch) it fails. That is because complex means irreducible to
simpler, while complicated means reducible, even if te-
chnically difficult.

A non linear approach to mathematical objects
reveals the presence of some properties of the object
itself, considered as a whole, which cannot be deduced
starting from the analysis of its parts. Mathematicians
call them the global properties, in opposition to the lo-
cal ones related to each part.

b) Topology. Some of them are studied following
“qualitative” methods, based on geometry (a curve can
be approximated to a straight line only locally (i.e. in
the neighborhood of any of its points), a manifold ap-
proaches its tangent plane only locally, etc.) and topo-
logy, i.e. the study of the relations between the objects
and their parts, and of the properties invariant by con-
tinuous deformation without cut, tries to catch some
of the global properties of a complex structure (con-

nection, number of holes, number of handles, etc.).
It is significant that topology was originally called

analysis situs, recalling the Aristotelian category of si-
tus, involving the reciprocal orientation relations
among bodies as parts of a whole (16). In fact mathe-
matics, with the introduction of the set theory of Can-
tor (1845-1918) made a relevant step towards onto-
logy, since it does no longer consider as its proper
objects only numbers (arithmetic), points, lines, ma-
nifolds and solids (geometry), or relations like func-
tions (calculus), but new other entities like collections of
objects (set theory) (17). Topology has also open the
way to consider the concept of quantity itself, which is
typically inherent to mathematics, non longer as limi-
ted to numerical quantities, or to geometrical exten-
sions, but also to the relations between the whole and
its parts, and of the parts to each other; a new curious
point of contact with the Aristotelian metaphysics of
the category of quantity, defined as what makes parts
distinct from other parts (18).

c) Paradoxes. Set theory made mathematics signi-
ficantly more proximate to metaphysics, since sets pos-
sess more properties of entity (Latin ens), than the
number or the extension. A symptom of such a “load” of
entity arose with the emergence of contradictions and
paradoxes inside the theory of sets (19). In the light of
Aristotelian Thomistic logic and metaphysics, such
contradictions are clearly related with the attempt of
considering sets as univocally defined by the univocal
relation of belonging (denoted by the symbol Œ).
Mathematicians, thanks to set theory, have encounte-
red in a new form, the ancient problem of the incon-
sistency of the attempt to reduce notions like entity
(Lat., ens) to a logical genre, i.e. to a concept associa-
ted to a unique definition. The ancient logical-me-
taphysical theory of analogy seems to claim to be
newly discovered and formulated by the language of
our mathematical symbolic logic. Logic and mathe-
matics have become very near to ancient metaphysics
today. What must be avoided is an irrational escape
towards a “fantastic” metaphysics conceived as an al-
ternative to rationality, while logic and mathematics
are now very near to a rational approach to ontology,
suggested by a necessity of internal consistency. It
seems to be a reversal of the Cartesian attempt to re-
duce the wider categories of Aristotelian-Thomistic
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metaphysics into the narrower ones of numerical and
extensional quantity and relation of mathematics. On
the contrary, today’s logic and mathematics seem to
claim a widening of the notion of set towards that of
entity, non univocally defined (Lat., analogia entis)
(20-21).

All the previously referred problems, together
with many other, are a manifestation, in the context of
mathematics, of what is called in all disciplines “the
emergence of complexity”. Of course complexity does
not reduce to non linearity, since it is non only a
mathematical question, but non linearity represents a
fundamental mathematical aspect of it (22). Other
aspects involve physical dynamics, structure, organiza-
tion, information, oriented evolution, etc (23).

d) Fractals. One of the most elegant examples of
complexity in the framework of mathematics (geome-
try) is provided by fractals, which are structures gene-
rated by the feed-back iteration of the same operation
for a great number of times (in principle infinite). The
results, when plotted on a computer screen reveal a
self-similar structure which reflects visually such itera-
tion process: the same figure seems to replicate itself
on different scales inside the original one, as a part re-
peating itself inside a whole, and such behavior gene-
rates also infinitely indented boundaries (Figure 1).
Beside exhibition of elegant shapes like those of Man-
delbrot and Julia sets (generated by iteration of com-
plex valued functions) or the ones obtained by the ap-
plication of Newton’s interpolation method (Figures
2-6), many other fractals seem to provide geometrical
models of real physical things (like leafs, clouds, coa-

sts, mountains and snow crystals, and even breaking
curves of materials, etc.) (24, 25). Regarding anatomy
a fractal like shape seems to appear in neuron cells, in
pulmonary alveolus, in intestine tissues, and in a num-
ber of other structures.

Figure 1. Self-similarity of Mandelbrot set

Figure 2. A secondary Mandelbrot set inside the main Man-
delbrot set

Figure 3. The so called “seahorses” inside Mandelbrot set
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Physics, chemistry and biology

All what we have seen about mathematics is pas-
sed also to physics and all the sciences which make use
of the mathematical language. Therefore we do not
need to repeat it now. We add that in physics com-

plexity involves, beside the shape and structure of mat-
ter, also the time evolution of the systems (dynamics),
which is described by non linear mathematical evolu-
tion laws. One can see fractal structures in the basins
of attraction and the Poincaré maps related to phase
trajectories toward which the dynamics tends to stabi-
lize itself (attractors), or from which it escapes (repel-
lers), while they are built up in time, and no longer as
static purely geometrical shapes. Here the non linea-
rity of the mathematical systems involved may lead to
a non predictable behavior of unstable systems which
are highly sensitive to small perturbations of initial
conditions (26).

Complexity affects also the distribution of matter
and energy in space, or its structure. The structure of
non local and not separable physical, chemical and bio-
logical systems and that of molecules presents some
holisitc properties which are not reducible to those of
their component parts.

Complexity of structures is also related to self-or-
ganization of thermodynamic dissipative systems whi-
ch exchange energy and information with their surroun-
ding environment (27). Living organism represents a
higher level of a self-organized system, even if it may
not be reducible to it, since it may exhibit some speci-
fic irreducible properties, characterizing it as a living
whole. The theory of information seem to be able to
open a way to understand the characteristic of a simi-
lar immaterial principle unifying a living system. It is
relevant to point out that even if information is always
carried by a material support, its message is indepen-
dent of the matter of the carrier. In this sense it proves
to be immaterial. The concept of information as a prin-

Figure 4. The so called “dendrite” Julia sets

Figure 5. Self-similarities inside a Julia set

Figure 6. A fractal leaf
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ciple unifying a system as a whole, irreducible to its
parts, and governing its teleonomic growing and evo-
lution according to some project, reminds in a modern
fashion the Aristotelian concept of form (28). Again
today’s science becomes close to ontology. The notion
of causality itself, begins to overcome reductionism,
when it is conceived no longer as a locally mechanical
action of a part on another part, but it is invoked as a
structural information organizing globally the insepa-
rable whole (formal causality). The idea of a project, in
today’s science, appears non longer as a philosophical
or theological intrusion, but it arises from the concept
of a global information shaping some self-organizing
system, may it be a micro-organism or the entire uni-
verse (29). Certainly if a similar revision of the episte-
mology has become indispensable for the hard sciences,
how much a similar revision should be relevant for a
science of man life and health like medicine, provided
it is carried out starting from the internal claims of the
medical discipline itself, and not on the basis of some
irrationalistic attitude or vogue (30).

Mind-body problem and artificial intelligence

Another problem of great interest which seems to
involve several disciplines interested to complex pheno-
mena (cognitive sciences, medicine, biology, informa-
tics, logic, mathematics, etc.) is that of mind-body re-
lationship and that of intelligence, human and artifi-
cial. I will non enter that subject which is treated
profoundly in other important contributions in the
present special issue. I want only emphasize that it
would be interesting to compare the most recent stu-
dies with the ancient Aristotelian-Thomistic cognitive
theory of abstraction, which is related to the formation
of universal concepts in the human mind, starting from
the singular signals revealed by our corporeal five sen-
ses. In such theory the immateriality of information
seems to play a fundamental role when it is detached
from the singular carrier of chemical and electrical na-
ture traveling and acting on the body, to be raised to
the universal and immaterial level according which it is
present in the mind (31, 32). A similar view is very dif-
ferent from the reductionistic one, like that of David
Hume (1711-1776) which considers the universal con-
cept as a (quantitatively) rarefied material sensation,

and is much closer to the approach of complexity, di-
stinguishing between (qualitatively) irreducible levels.
Investigations both in the field of human cognition,
psychology, cerebral physiology and also artificial si-
mulation of human intelligence will presumably prove
of great interest for a deeper understanding of the role
of immateriality of information and mind in relation
with material carriers and physiological functions. If
the notion of an immaterial human mind may be taken
into consideration it must not be postulated dualisti-
cally or irrationally, but it should arise as reasonably
simple and almost unavoidable principle to explain ob-
servation and experience in a more satisfactory way.

Perspectives and conclusions

In the present contribution we have attempted to
show, through a brief sketch, how today’s sciences, even
if starting form different point of view and employing
different methods, seem to converge all towards very
similar, if not identical, foundational questions. Such
claims, both of epistemological and ontological nature,
seem to rediscover, in a new fashion some of the most
relevant topics of ancient Greek and Mediaeval philo-
sophy of nature, logic and metaphysics, such as the
problem of the relationship between the whole and its
parts (non redictionism), the problems of the paradoxes
arising from the attempt to conceive the entity like an
univocal concept (analogy and analogia entis), the pro-
blem of the mind-body relation and that of an adequa-
te cognitive theory (abstraction and immaterial nature
of the mind), the complexity of some physical, chemical
and biological systems and global properties arising
from information (matter-form theory), etc. Therefore
medicine itself seems to require to take into account
such new epistemological and foundational context, in
order to avoid both the excess of a strong reductionism
and the illusion of an irrationalism which might lead it
out of a genuine scientific approach.

Even the heavy ethical questions (which have not
been examined in the present contribution) need to be
grounded on some objective metaphysical and anthro-
pological frame of reference and could not be solved
starting from an arbitrarily conventional attempt of
agreement.
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Then we may conclude that present days open a
very interesting time for future investigations which
may contribute to the unity of knowledge and a more
human science.

References

1. Polkinghorne J C. Riduzionismo. In Tanzella-Nitti G,
Strumia A, eds: Dizionario interdisciplinare di scienza e fe-
de, Città Nuova - Urbaniana University Press, Roma, 2002:
1231-1236 (see also Reductionism in http://www.disf.org/
en/Voci/104.asp; it.).

2. Strumia A, Introduzione alla filosofia delle scienze, Edizio-
ni Studio Domenicano, Bologna, 1992.

3. Del Re G. Chimica. In Tanzella-Nitti G, Strumia A, eds:
Dizionario interdisciplinare di scienza e fede, Città Nuova
- Urbaniana University Press, Roma, 2002: 227-37.

4. Del Re G. Alchimia. In Tanzella-Nitti G, Strumia A, eds:
Dizionario interdisciplinare di scienza e fede, Città Nuova
- Urbaniana University Press, Roma, 2002: 48-55.

5. Peláez M. Medicina. In Tanzella-Nitti G, Strumia A, eds:
Dizionario interdisciplinare di scienza e fede, Città Nuova
- Urbaniana University Press, Roma, 2002: 901-919 (see al-
so Medicine in.: http://www.disf.org/en/Voci/84.asp).

6. Procarelli A. New Age. In Tanzella-Nitti G, Strumia A, eds:
Dizionario interdisciplinare di scienza e fede, Città Nuova -
Urbaniana University Press, Roma, 2002: 1044-61 (see also
New Age in: http://www.disf.org/en/Voci/91.asp).

7. Galleni L. Evoluzione. In Tanzella-Nitti G, Strumia A, eds:
Dizionario interdisciplinare di scienza e fede, Città Nuova -
Urbaniana University Press, Roma, 2002: 575-90 (see also
Evolution in: http://www.disf.org/en/Voci/64.asp).

8. Sarti E. Informazione. In Tanzella-Nitti G, Strumia A, eds:
Dizionario interdisciplinare di scienza e fede, Città Nuova
- Urbaniana University Press, Roma, 2002: 740-754 (see al-
so Information in: http://www.disf.org/en/Voci/74.asp).

9 . Basti G, Mente-corpo, rapporto. In Tanzella-Nitti G,
Strumia A, eds: Dizionario interdisciplinare di scienza e
fede, Città Nuova - Urbaniana University Press, Roma,
2002: 920-39 (see also Mind-Body Relationship in: http://
www.disf.org/en/Voci/14.asp).

10. Del Re G. The cosmic dance. West Conshohocken (PA),
Templeton Foundation Press, 1999.

11. Strumia A, Le scienze alla ricerca di una teoria dell’analo-
gia e dell’astrazione, in Bertelè F, Olmi A, Salucci A, Stru-
mia A., eds: Scienza, analogia, astrazione. Tommaso d’A-
quino e le scienze della complessità. Il Poligrafo, Padova,
1999: 17-64.

12. Strumia A. Descartes and the method of physical sciences.
In Conti L, Mamone Capria, eds: La scienza e i vortici del
dubbio. Edizioni Scientifiche Italiane, Napoli, 1999.

13. Strumia A. L’affiorare della spiegazione finalistica nelle teo-
rie scientifiche. Automazione Energia Informazione 1998;
85: 62-7.

14. Strumia A. Le scienze vanno verso una razionalità analogi-

ca? In Sgubbi G, Coda P, eds: Il risveglio della ragione.
Città Nuova, Roma, 2000: 23-48.

15. Basti G. Filosofia della natura e della scienza, vol. I. Roma,
Lateran University Press, 2002.

16. Courant R, Robbins H. What is mathematics? An elemen-
tary approach to ideas and methods. New York, Oxford
University Press, 1996.

17. Binotti G. Cantor Georg Ferdinand. In Tanzella-Nitti G,
Strumia A, eds: Dizionario interdisciplinare di scienza e fe-
de, Città Nuova - Urbaniana University Press, Roma, 2002:
1631-41.

18. Coggi R. La filosofia della natura. Ciò che la scienza non
dice. Bologna, Edizioni Studio Domenicano, 1997: 43.

19. Mendelson E. Introduction to mathematical logic. Prince-
ton (NJ), D. Van Nostrand Company, 1964.

20. Strumia A. Analogia. In Tanzella-Nitti G, Strumia A, eds:
Dizionario interdisciplinare di scienza e fede, Città Nuova
- Urbaniana University Press, Roma, 2002: 56-70 (see also
Analogy in: http://www.disf.org/en/Voci/29.asp).

21. Basti G, Testi C. Analogia e autoreferenza. Marietti 1820,
Genova-Milano, 2004.

22. Del Re G. Complessità. In Tanzella-Nitti G, Strumia A,
eds: Dizionario interdisciplinare di scienza e fede, Città
Nuova - Urbaniana University Press, Roma, 2002: 259-265.

23. Arecchi TF, Farini A. Lexicon of complexity. Firenze, Stu-
dio Editoriale Fiorentino, 1996.

24. Strumia A. Che cosa sono e a che cosa servono i frattali. Pixel
1996; 7/8: 5-13 (see also http://www.ciram.unibo.it/~stru-
mia/Menu.html).

25. Peitgen HO, Richter PH. The beauty of fractals. Images of
complex dynamical systems. Berlin-Heidelberg-New York,
Springer Verlag, 1986.

26. Strumia A. Meccanica. In Tanzella-Nitti G, Strumia A, eds:
Dizionario interdisciplinare di scienza e fede, Città Nuova -
Urbaniana University Press, Roma, 2002: 876-892 (see also
Mechanic in: http://www.disf.org/en/Voci/82.asp).

27. Nicolis G, Prigogine I. La complessità. Esplorazione nei
nuovi campi della scienza. Torino, Einaudi, 1991.

28. Thom R. Stabilità strutturale e morfogenesi. Saggio di una
teoria generale dei modelli. Torino, Einaudi, 1980.

29. Strumia A. Tracce di ontologia aristotelica nella fisica degli
ultimi decenni. Quaderni Sefir, La questione ontologica tra
scienza e fede (Lateran University Press, Roma) 2004; 6:
55-86.

30. Bellavite P. Fisiopatologia dei sistemi complessi. Verona,
CUSL – Il Sentiero, 2004.

31. Basti G. Il rapporto mente-corpo nella filosofia e nella
scienza. Bologna, Edizioni Studio Domenicano, 1991.

32. Strumia A. Materia. In Tanzella-Nitti G, Strumia A, eds:
Dizionario interdisciplinare di scienza e fede, Città Nuova
- Urbaniana University Press, Roma, 2002: 849-866 (see al-
so Matter in: http://www.disf.org/en/Voci/80.asp).

Correspondence: Alberto Sturmia,
Dipartimento di Matematica,
Via Orabona 4 – 70125 Bari
Tel +39 80 544 3473
E-mail: strumia@dm.uniba.it


	Button1: 


