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1. Introduction

The didogue between stience and ontology seems to be, at firg sght, an impossible one. This
impossihility is dearly seen when one contemplates the three postulates of modern physics as formulated by

Gdlileo Gdlile in Dialogue on the Great World Systems [1]:

1. There are universal laws, of a mathematical character.
2. These laws can be discovered by scientific experiment.

3. Such experiments can be perfectly replicated.
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In particular, it should be obvious that if we try to built a mathemetica bridge between science and
ontology, we will necessarily fal. Gdileo himsdf makes the diginction between human mathematics and
divine mathematics Human mathematics conditutes, he says (through Salvati), the common language of
humean beings and God, while divine mathemétics is connected with the direct perception of the totdity of
dl exiging laws and phenomena. A new scientific, culturd and spiritud approach - fransdisciplinarity -
tries to take this distinction into account serioudy. A bridge can be built between science and ontology only

by taking into account the totdity of human knowledge.

KNOWLEDGE DK KNOWLEDGE TK
IN VITRO IN VIVO

Correspondence between

Externa world- Object external world (Object) and

internal world (Subject)

knowledge understanding

new type of intelligence -

anaytic intelligence ~harmony between
mind, feelings and body

oriented towards oriented towards
power and possession astonishment and sharing




binary logic included middle logic

exclusion of values inclusion of values

Table 1. Comparison between disciplinary knowledge DK and transdisciplinary
knowledge TK.

As the prefix “trans’ indicates, rransdisciplinarity concerns that which is at once between the
disciplines, across the different disciplines, and beyond all disciplines. Its god is the understanding of
today's world, of which one of the imperaives is the unity of knowledge. The word itsdf is quite recent: it
was firg introduced by Jean Piaget in 1970. Transdisciplinary research is dearly didinct from disciplinary
research, even though it is entirdy complementary to it. Disciplinary research is concerned with, a mog,
one and the same levd of Redity; and, in mogt cases, with only fragments of that one leve of Redlity. In
contragt, transdisciplinarity is concerned with the dynamics generated by the interaction of severd leves of
Redity & once The discovery of these dynamics necessarily begins with thorough undersanding of
disciplinary knowledge. Transdisciplinary knowledge TK, corresponds to a new type of knowledge - in
vivo knowledge. This new knowledge is concerned with the correspondence beteen the externa world of
the Object and the internd world of the Subject. By definition, TK knowledge includes a system of vaues
(see Tdblel). It isimportant to redize that disciplinary knowledge and transdisciplinary knowledge are not
antagonigtic but complementary. Bath their methodol ogies are founded on afully scientific attitude.



2. The transdisciplinary approach to Nature and knowledge

| described the methodology of transdisciplinarity in my book Manifesto of Transdisciplinarity, just
published by State University of New York (SUNY) Press [2]. This methodology is founded on three

postulates.

I. There are, in Nature and in our knowledge of Nature, different levels of Reality and,
correspondingly, different levels of perception.

ii. The passage from one level of Reality to another is governed by the logic of the included
middle.

iil. The structure of the the totality of levels of Reality or perception is a complex structure :

every level is what it is because all the levels exist at the same time.

The firgt two podtulates have received experimentd evidence from quantum physics, while we find
evidence for the lagt one nat only in quantum physcs but dso in a variety of other exact and human
stiences. However transdisciplinarity is not premised on a trandfer from modern science : thiswould be a
fdse gpigemologicd and philosophica procedure. Modern science, in its most generd aspects, dlows us
to identify the three pogtulates of transdisciplinarity, but once they are formulated, they have a much wider
vaidity then in modern science itsdlf, espedidly in the fidd of educationand of culture

The transdisciplinary approach to Nature and knowledge can be described through the diagram
showninFg. 1.

In the left part are symbalicdly drawn the levels of Redlity

{NR, ...,NR, NRy, NRy, NR;,NR, ..., NR, }

Theindex n canbefinite or infinite.

The meaning we give here to the word “redlity” is pragmetic and ontologica & the sametime.



By “Redity” (with a cgoitd “R’) we intend firg of dl to desgnae tha which ressts our
experience, representations, descriptions, images, or even mathematica formulations.

Insofar as Nature participates in the being of the world, one must give an ontologicd dimension to
the concept of Redity. Redity is not merdy a sodd condruction, the consensus of a collectivity, or
ome intersubjective agreement. It dso has atrans- subjective dimenson : eg. experimenta datacan ruin
the most beautiful scientific theory.

By “levd of Redity”, a notion | firg introduced in Ref. 3 and laer developed in Refs. 4, |
designate a st of systems which are invariant under certain laws : for example, quantum entities are
governed by quantum laws, which represent a radica departure from the laws of the dasscd world.
That is to sy that two levels of Redlity are different if, when passng fromone to the other, thereis a
breek in the gpplicable laws and a bresk in fundamenta concepts (like, for example, causdlity).

The emergence of a leadt three different levels of Redity in the dudy of naturd sysems — the
mecrophysicd leve, the micrgphysicd leve and cyber-space-time (to which one might add afourth leve
- that of the Mtheory in patide physcs, unifying dl physicd interactions and which hes, for the
moment, only a pure Soeculdive satus) — isamgor event in the higtory of krowledge. The existence of
different levels of Redity hes been firmed by different traditions and divilizations, but this afirmation
was founded only on the exploration of the interior universe of human beings

Two adjacent levels (say, NR, and NR; in Fig. 1) are connected by the logic of the included
middle, which differsfrom dassicd logic in the following essentia way.

Classcd logic isfounded on three axioms :

1. The axiom of identity : AiSA.
2. The axiom of non-contradiction A iSnot NOn-A.
3. The axiom of the excluded middle : Thereexigsno thirdterm T (“T” from “third”) which

isa thesametime A and non-A.



In the framework of classcd logic, one immediately arrives a the concdusion that the pairs of
contradictories advanced by quantum physics, as a consequence of quantum superposition principle, are
mutudly exdusve, because one cannot affirm the vaidity of an assartion and of its oppodite a the same
time: A and non-A.

Mog quantum logics [5] have modified the second axiom of dasscd logic — the axiom of non
contradiction — by introducing noncontradiction with severa truth valuesin place of the binary pair (A
and nortA). Stéphane Lupasco (1900-1988) has shown that the logic of the induded middle is a true
logic, formdizable and formdized, multivdent (with three vdues : A, nonA, and T) and non
contradictory [6].

Our undergtanding of the axiom of the induded middle— there exigsathird term T which is at the
sametime A and non-A — iscompletdy darified once the notion of “levels of Redlity” isintroduced.

In order to obtain a dear image of the meaning of the included middle, we represent in Fg. 2 the
three terms of the new logic— A, nontA, and T — and the dynamics associated with them by atriangle
in whichone of the vertices is Situated at one leve of Redlity and the two other vertices a ancther level
of Redity. The induded middle isin fact an included third tem [7]. If oneremains & asingle leve of
Redlity, dl phenomena gopear to result from the opposition between two contradictory eements. The
third dynamic, thet of the T-date, is exercised at another level of Redity, where that which had appeared
to be disunited is in fact united, and that which had appeared contradictory is perceived as non
contradictory. The indluded middle gives a naturd, coherent and rationd understanding of the quantum
Superposition principle.

The T,-date present at the level NR, (see Fig. 1) is connected to a pair of contradictories (A,
and nonA,) a animmediately adjacent level. The T,-date alows the unification of contradictories A,
and nonA,, but this unification takes place a alevd different from the one NR, on which Ay and non

A, are Stuated. The axiom of noncontradiction is thereby respected.



The logic of the induded middle is capable of describing the coherence among these leves of
Redity by an iterative process defined by the following stages. (1) A pair of contradictories (Ag, non-
Ap) Stuated a a cartain level NR, of Redlity is unified by a T;-gate Stuated at a contiguous level NR;
of Redity; (2) In tumn, this T,-sate is linked to a couple of contradictories (A;, non-A,), Stuated & its
own leve; (3) The pair of contradictories (A, non-A,) is, in its turn, unified by a T,-State Stuated & a
third level NR, of Redlity, immediatey contiguous to the levdl NR, where the ternary (A, non-A;, T,)
is found. The iterdtive process continues to indefinitdy until al the leves of Redity, known or
concelvable, are exhausted.

In other words, the ation of the logic of the induded middle on the different levels of Redlity
induces an open gructure of the unity of levels of Redlity. This structure has condderable consegquences
for the theory of knowledge because it implies the imposshbility of a saf-endosed complete theory.
Knowledge is forever open.

The open dructure of the unity of levels of Redity is in accord with one of the most important
stiertific results of the twentieth century concerning arithmetic, the Incompleteness Theorems of Kurt
Godd [8], which date that a sufficiently rich system of axioms inevitably leads to results which are ether
undecidable or contradictory. The implications of Gode’ s theorems have congderable importance for dl
modern theories of knowledge, primarily because they concern not just the fidd of arithmetic, but al of
mathematics which indudes arithmetic. | fully agree with the mathemaician Cridian S. Cadude who
recently dated that: "Godd's Incompleteness Theorems have the same stientific datus as Eingen's
principle of reativity, Heisenberg's uncertainty principle, and Watson and Crick's double helix modd of
DNA" [9].

| am personnady convinced that the Smultaneous consderation of Godd's Incompleteness
Theorems and of the notion of levd of Redity will have far-reaching consegquences both in the

foundations of both science and culture



The levds of Redity dlow us the possihilty of undersanding quantum indeterminacy through the
action of one levd on another levd [3, 10]. It is extremdy important that Gregory Chaitin showed thet,
urprisngly, indeterminacy is present even in mathematics [11].

There is adegp connection between Godd's Incompleteness Theorems, randomness and levels of
Redlity. Randomness rigouroudy means absence of laws, order or patterns, it is not perfect disorder,
which dill corresponds to the presence of laws. We have to face the question: Did the laws dways exist
or were they born & some moment in the evolution of the universe? The lagt possbility was very wel
discussed by the quantum physcst Wadter Thirring [12]. It was, in fact, dreedy present in the Sxteenth
century, in the coamology of Jacob Boehme [13]. This posshility implies a lot of other questions. Is
evolution going towards the increase or the decrease in the number of lavs? Arethe levels of Redlity the
empirica Sgnature of this process? |s the incompleteness connected with the sructure of our mind and
with our incgpecity for concaiving wholeness? Or is the incompletness the result of our tendency d
sudying a level of Redlity as independent of wholeness? Does time have levels corresponding to the
different levels of Redlity? Do the levels of Redlity exhaugt dl the Redlity? Of course, | have no time to
discuss dl these quettions.

In any case, the Goddian structure of the unity of levels of Redlity, associated with the logic of the
indluded middle, implies that it is impossible to congruct a complete theory for describing the passage
from one leve to the other, and, a fortiori, for describing in a complete fashion the unity of levels of
Redlity. If such unity doesexig, thislinking of dl the levels of Redlity must necessaxily be an open unity.

There is cartainly a coherence among different leves of Redlity, a leest in the naturd world. In
fact, an immense sdf-condgency — a cosmic bootstrap — seems to govern the evolution of the
universe, from the infinitdy smdl to the infinitdy large, from the infinitdy brief to the infinitely long. A flow
of information is tranamitted in a coherent manner from one leve of Redlity to another in our physica
universe. However, if coherenceis limited only to the levels of Redlity, it stops both a the “highest” leve

and a the “lowet” levd. If we introduce the idea of a coherence which continues beyond these two



limiting levels, we must conceive the unity of levels of Redlity as extending by a zone of non-resistance
to our experiences, representations, descriptions, images, and mathematica formulations. The “highest”
level and the “lowest” levd of he totdity of levels of Redity are united across a zone of absolute
transparence (see FQ. 1). In this zone there are no levels of Reality.

Quite smply, the nonresstance of this zone of absolute trangparence is due to the limitations of
our bodies and of our sense organs — limitations which apply regardiess of what measuring tools are
and will be usad to extend these sense organs. The zone of nonresstance correponds to the sacred
— 10 that which does not admit of any rationalization.

It is important to recdl the digtinction made by Edgar Morin between rationd and rationalisation
[14]. The sacred isrationd but not retionaissble.

Of course, one has to didinguish the words "Red" and "Redlity”. Real desgnates that which is,
while Reality is connected to resstance in our human experience, as discussed above. The "Red" is, by
definition, forever veled, while "Redlity” is accessble to our knowledge. The zone of nonresstance
corresponds to the “vall” which Bernard d' Epagnat referred to as “the vell of the Red” [15]. In our
terminology the veiled Red isnot aleve of Redlity, because such levesinvolve resstance.

The problem of the sacred, understood as the presence of something of irreducibly red in the
world, is unavoidable for any rationd approach to knowledge. One can deny or afirm the presence of
the sacred in the world and in oursalves, but some reference to it must be made if a discourse on Redlity
isto be coherent.

Mircea Eliade once sated in an interview : “The sacred does not imply belief'in God, in gods,
or spirits. It is . . . the experience of a reality and the source of consciousness of existing in the
world" [16]. The sacred is firgt of dl an experience ; it is tranamitted by a feding — the “religious’
feding — of that which links beings and things and, in consequence, induces in the very depths of the
human being an absolute respect for the others, to whom he or she is linked by ther dl sharing a

common life on one and the same Earth.



A cucd problem today is certainly the relation between the sacred and technoscience as
unfortunately revedled yet again by the events of September 11th, 2001.

The garm of the split between stience and meaning, between subject and object, was certainly
present in the seventeenth century, when the methodology of modern science was formulated, but it did
not become fully developed until the nineteenth century.

In our gpproach, the unity of leves of Redity and its complementary zone of nonresstance
condtitutes what we cal the transdisciplinary Object.

A new Principle of Relativity [2] emerges from the coexistence between complex plurdity and
open unity : no level of Reality constitutes a privileged place from which one is able to understand
all the other levels of Reality. A level d Redlity iswhat it is because dl the other levels exidt & the
same time This Prindple of Rddivity can provide a new pergpective on the didogue between different
academic disciplines, between cultures and between religions. In the transdisciplinary vison, Redity is
not only multidimensond, it isaso multireferentid.

The different levels of Redlity are accessble to human knowledge thanks to the exisence of
different levels of perception, described diagrammaticdly a the right of Fg. 1. They arefound in aone-
to-one correspondence with levels of Redlity. Theselevels of perception

{NP,, ..., NP,, NP, NPy, NP.;, NP.,, ..., NP}
permit an increesingly generd, unifying, encompassng vison of Redlity, without ever entirdy exhaudting
it.

As in the case of leves of Redlity, the coherence of levels of perception presuppose a zone of
non-resistance to perception. In this zone there are no levels of perception.

The unity of levels of percgption and this complementary zone of nonresistance condtitutes whet
we cdl the transdisciplinary Subject.

The two zones of nonresstance of transdisciplinary Object and Subject must be identicd for the

transdisciplinary Subject to communicate with the transdisciplinary Object. A flow of consciousness thet
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cuts coherently across different levels of perception must correspond to the flow of information cutting
coherently across different levels of Redlity. The two flows are interrdlated because they share the same
zone of nonresstance. Thus knowledgeis both exterior and interior.

The open unity between the transdisciplinary Object and the transdisciplinary Subject is conveyed
by the coherent orientation of the flow of information, described by the three oriented loopsin Fig. 1
which cut through the levels of Redlity, and of the flow of consciousness, described by the three oriented
loops which cut through the levels of perception.

It isimportant to note that the three loops of coherence in Fg. 1 are Stuated not only in the zone
where the levds of Redlity are absent but dso in berween the levels of Redity: the zone of non
resistance of the sacred penetrates and crosses the levels of Redlity. In other words, the transdisciplinary
approach to Nature and knowledge offers alink between the Real and the Reality.

The loops of information and consciousness must meet in aleast one point X in order to insure the
coherent tranamission of information and consciousness everywhere in the Universe. In some sense, the
point X is the source of dl Redity and perception. It reminds us of what Gregory of Nazianzus cdls
"beyond dl and everything’".

The point X and its associated loops of information and consciousness describe the third term of
transdisciplinary knowledge : the Interaction term between the Subject and the Object, which can
be reduced neither to the Object nor to the Subject.

Thisternary partition

{ Subject, Object, Interaction }
isradicdly different from the binary partition
{ Subject, Object }
which has defined modern metaphysics.

Of course, the Subject - Object problem was centrd for the philosophicd thinking of the founders

of quantum mechanics. Pauli, Heisenberg and Bohr, just as Husserl, Heidegger and Cassirer, dl refuted
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the fundamenta axiom of modern metaphysics the totd separation between Subject and Object. This
framework dso gppliesto the views | am expressing here.

In fact, Werner Heisenberg came very near to the concept of "levd of Redity” in his philosophicd
writings. In his famous manuscript of 1942 (which was only published in 1984) Helsenberg, who knew
Husserl well, introduced the idea of three regions of reality, able to give access to the concept of
"redity” itsdf : thefird region istha of dassicd physics, the second — of quantum physcs, biology and
psychologica phenomena and the third — that of the rdigious, philosophicd and artistic experiences
[17]. This dassfication has a subtle ground : the closer and closer connectivity between Subject and
Object.

The perception of the sacred isfirg of dl an experierceirreducible to any theory. It concernsthe
dlence between words, across words and beyond any word. The space between the levds of
perception and the levels of Redity is the pace of this slence; it is the equivaent, in interior space, of
thet which is cdlled the quantum vacuum in exterior pace. It isafull sSlence, dructured in levels There
are asmany leves of slence asthere are correlations between levels of perception and levels of Redlity.
And beyond dl these leves of slence there is another qudity of slence, thet place without place which
the French poet and philosopher Michd Camus cdls “our luminous ignorance” [18]. This nudeus of
Slence gppears to us as an unknowable, because it is the unfathomable well of knowledge, but this
unknowable is luminous because it illumines the very dructure of knowledge. A long time ago, the
Dionysius Areopagite spoke, in asmilar way, about “the trand uminous darkness of slence'.

In fact, trandisciplinary knowledge is in agreement with the patridic tradition and, in particular,
with the teachings of Dionysius Areopagite and Gregory of Nyssa, because transdisciplinarity represents
a modern form of the didogue between the catgphatic knowledge and the gpophatic knowledge.
Sdentific knowledge is precisdly of the cataphetic type. However, as the Greek quantum physicist

Argyris Nicoladis remarked in a tak given a a recent SSQ medting in Romania [19], Godd's
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Incompleteness Theorems gopear as a quite surprisng link between catigphatic knowledge and
gpophatic knowledge.

It is important to recdl here the didinction made by the gret Romanian theologis Dumitru
Staniloaie, in his book The Experience of God in Orthodoxy [20], between the eastern patristic
tradition and and the via negativa of western theology: for the first, the apophetic theology is a direct
experience and not an intelectua negation. In my view, experience reveds itsdf as away of knowleldge
whose omission leads to incompleteness. In fact, there are two types of gpophatism: the onewhich can
be experienced but is non-rationdisable and another which is both impossble to experience and non
raiondissble. The two types of gpophaism ae present in trangdisciplinay knowledge. The
transdisciplinary didogue between science and rdigion could leed to a postive theology, of the kind
dready sketched in the important book of Philip Clayton The Problem of God in Modern Thought
[21].

The notion of "levels' itsdf can be found in christian iconography (e g. the Jacob's ladder) and
asoin the teachings of Gregory of Nazianzus. In the case of Gregory of Nazianzus apophatic experience
proceeds by degrees, by levels. As Dumitru Staniloaie writes, gpophétic knowledge is not irrationd but
"suprarationd” (I would prefer mysdlf the word fran srational). Trangrationd and rationa knowledge
complete each other.

Findly, the condderation of mutudly exclusve couples of contradictories (A, nontA) is very
evident in the thinking of Gregory of Nyssa, Dionysius Areopagite and Gregory Pdamas. For example,
when one reads the book The Divine Names of DionysSus Areopagite, it is clear that apophetic
experience dways unifies contradictories by exceeding them. Apophdtic knowledge is sructurdly a
knowledge of the included middle. In an extraordinary ok, Between Science and Religion, the
physcig and cathalic priest Thierry Magnin has shown the fecundity of the logic of the induded middle
for the understanding of theologica concepts and ideas [22].
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Allow me to condude by showing you the drawing from the tregtise The Ascent of the Mount
Carmel Written by Saint John of the Crass in 1581- 1585 [23], which presents a sunning andogy with
the modd of the transdisciplinary Redlity shown in Fg. 1. At theright of the drawing we see the way of
the "Earthis goods' and it is sad that we get logt if we take thisway. At the left of the drawing, we find
the way of the "Heaven 'sgoods’ and it is sad that we get logt dso if we take thisway. Only the middle
way, the one of "Nothing", leeds to the summit of the mountain.
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