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OF THE WORLD
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1. Unity of the world and unity of science

Natural philosophers and scientists have always struggled for
the unity of the world believing that there is only one reality as
the ultimate framework for the infinily of phenomena that can be
observed. However, up to date there is no accepted unified view
of this world, and it is unlikely that there will be one in the
near future. Instead of one all-explaining science or theory,
there are many scientific disciplines, and most of them have
little, if anything, in common. But even worse, within one and the
same discipline, the logical and semantical connections between
different areas are not always clear, e.g. in physics between the
microscopic and the macroscopic domains, in biosciences between
molecular bioclogy and organismal biology, in social sciences
between sociology and economics. Each of these disciplines and
sub-disciplines seems to have phenomena, concepts and laws (if
there are laws recognized at all) of its own, irreducible to and
unconnected with those of other disciplines and areas. At the
end it seems that there is no one world, but as many worlds as
disciplines and sub-disciplines of sciences exist, let alone all
those worlds of non-scientific experience.

The reasons for this situation are unclear and may be of
different kinds., It may well be thal many gaps between domains
of knowledge can be bridged by means of further development
and refinement of theories and concepts and increased amount of
empirical data. History of science is filled with examples of
bridging previously disconnected areas of knowledge (e.g., op-
tics and electrodynamics). But we cannot exclude that there are
gaps so fundamental in their nature that they cannot be bridged
regardless of how much empirical knowledge and theoretical
insights we might accumulate. We will call these ontological gaps
in the sense that they separate domains that contain completely
independent phenomena and concepts. As a consequence, Lheo—
ries from ontologically different domains can neither be reduced
one 1o another, nor can they be unified within the framework of
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a more comprehensive theory.

Recently, there have been renewed attempts Lo reach a
unified view of the world on the basis of concepts such as
“gelf-organization” (e.g, Jantsch 1980, 1982) and ‘‘autopoiesis’
{Maturana 1982). These concepts, originating (partly) from bio-
sciences, have quickly spread into olher disciplines, especially
into the social sciences and the humanities. Here, self-organiza-
tion and autopoiesis became a sort of magic concept. Another
recently much discussed concept to deal with the problem of
diversity and unity in nature is emergentism. This concept has
become extremely popular among scientists from all disciplines,
particularly from biology (Mayr 1982, 1984, 1985).

In this paper, we will discuss the questions whether a
unified concept of the world is possible and whether ontological
gaps exist in the world that would make such a view impossible.
We will discuss the problems mainly with respect to biolegy,
because biological systems are systems which on the one hand
are strongly bound to physics and chemistry, but al the same
time extend into the domains of psychology and social sciences,
at leasl with respect to human beings. Thus, biology is central to
any discussion about the unity of the world.

There are two eminent candidates for ontological gaps: the
difference between the living and the nonliving world, and the
difference between the material and the mental world. Accord-
ingly, we will deal with two questions: (1) Is biology reducible to
physics (and chemistry)? (2) Is mind reducible to brain pro-
cesses? We will discuss the basic epistemological and methodolo-
gical problems related to these questions, especially in the light
of the concepts of self-organization and of emergent properties.

2. Can bioclogy be reduced to physics?

There are two prevailing alternative answers to this question.
One is physicalist reductionism claiming that biology can be
reduced to physics in the sense biological phenomena can - at
least in principle -~ be described in physical terms and explained
by laws of physics and that no essentially biological laws exist
(cf. Ayala and Dobzhansky 1974). Accordingly, biology has to be
regarded either as a sub-discipline of physics like electro-
ynamics or solid-state physics, or treated, like chemistry, as a
separate discipline for historical or practical reasons in which,
however, all concepts and modes of descriptions can be ex-
pressed and explained in physical terms.

The other view is emergentism claiming that biology is au-
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tonomous with respect to physics in the sense that there is a
large body of biological phenomena thal cannot or not entirely
be described in physical terms but need additional biological
concepts, and that biological laws exist that are fundamentally
different from physical laws. These properties and laws, mainly
“higher-level” or organismic ones, are called “emergent’”, be-
cause they are “unexpected” and cannot be formulated and
explained on the basis of even the most complete knowledge of
the physical properties of the components of the system under
consideration (Mayr 1982, 13985).

The strongest argument in favour of the reductionist view is
that with the great success of biochemistry, molecular and
cellular biology there are major parts of biology where a de-
scription and explanation of biological processes in chemical and
hence physical terms have been successfully achieved. This is
true, for example, for metabolic processes inside the cell, for the
processes of genome replicaion, transcription and translation,
and for many processes at the organ level. Where, in this
context, “gaps” exist, there is hope that these will be bridged as
a function of progress in biochemistry and molecular and cellular
biology.

There are “higher-level” fields of biology, for example devel-
opmental biology or neurobiology, where such a “reduction” is
very far from being complete. How Lhe fertilized egg (zygote),
through cell division, differentiation and migration, develops into
the adult organism, is not understood; how the incredible com-
plexity of the brain is produced, how neural networks function
in the context of perception, memory and control of behavior is
not understood either. But whenever processes have been stud-
ied for a sufficient time and in sufficienl depth within these
fields, they turn out to be - at least in principle ~ explicable in
chemical and physical terms. The eslablishment of the highly
specific connectivity among nerve cells in the brain (“axon
pathfinding”), once thought to be completely inaccessible to a
physical approach, is close to its explanation as a highly complex
interplay of chemical “guiding factors” (e.g. surface glycoprotein
molecules) and response mechanisms inside the connecting
neuron.

In certain fields of biology, for example evolutionary biology,
however, a physicalist reduction seems to be completely out of
reach. For the process of evolution, a description seems to need
concepts and an explanation seems to need rules that cannot be
borrowed from chemistry and physics. This seems to be espe-
cially true in the light of the paradox that the components of
which organisms are built and which are accessible to a chemical
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and physical description, are highly uniform among even dis-
tantly related groups, but that Lthe organisms at the same time
show a high diversity of morphology, physiology, behavior and
ecology. This diversity - so the argument goes - cannot result
from the components but only from variation in composition
which is governed by truly evolutionary, historical laws com-
pletely beyond physics and chemistry. The reductionist counter-
argument states that if one accepts that evolution with all its
phenomena results from the interay between the organism (in-
cluding all genetic and epigenetic processes) and the environ-
ment, both of which are processes and phenomena explicable in
physical terms, then evolution should be explicable in those
terms, too. There is no evidence in evolution for something to
come into play even in evolutionary biclogy that is “in priniple”
inaccessible to physics. The complexity of organismal evolution
could simply result from the complexity of the initial and
boundary conditions of each single evolutionary process which,
as a single process, is - at least in principle - describable in
physical terms.

Before we further discuss this reductionist view, let us have
a look at emergentism which today probably is the most popular
scientific concept among biologists. According to Ernst Mayr, one
of the leading proponents of emergentism, the characteristics of
living organisms “cannot (not even in theory) be deduced from
the most complete knowledge of the components, taken separately
or in combination... When such systems are assembled from their
components, new chaacteristics of the new whole emerge that
could not have been predicted from a knowledge of the compo-
nents” (Mayr, 1985)., It is important to see that emergenists like
Ernst Mayr do not want to be misunderstood as vitalists (in the
sense that organisms contain some mystical “life-making” sub-
stance or principle). Mayr accepts that organisms consist of
nothing but physico-chemical components. Yet, he sees that the
organization of living systems is fundamentally different from
that of non-living ones.

Emergent properties are not considered to be characteristic
of biological systems only; they are believed to be quite univer-
sal and to occur in inanimate systems, too, but are considered
especially important in biological systems.

In the reductionist as well as the emergentist view, the main
problem consists in the question: To what degree can the prop-
erties of complex systems be explained on the basis of the
properties of their components? Emergentism, as mentioned
above, accepts that organisms consist of nothing bul physico-
chemical components. However, for emergentism the knowledge of
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the properties of these components is not sufficient to deduce
the properties of the system. These result from the organization
of the system, including the existence of “hierarchical levels”.

Organization of a system is usually underslood as the modes
of interaction of its components. Accordingly, if a system has
certain properties, these result from the modes of inleraction of
the components. If we accept such a definition, then the basic
question is how the properties of the componentis relate to their
modes of interaction. If emergentism wants to be conclusive, it
has to assume that there is no or no stricl relationship between
the two.

This view, however, neglects the simple fact that there is no
way of distinguishing between “properties” and “modes of inter-
action”, because properties are defined through modes of inter-
action, and modes of interaction are defined through properties.
In other words: no phenomenon or process has properties per
se, indepenent from its interactions with other phenomena and
processes. We can describe phenomena and processes only in
relation to other phenomena and processes. Thus, every prop-
erty resulls from modes of interaction, and every mode of
interaction is a property.

This becomes evident when we briefly discuss a standard
example of emergent properties, the properties of sodium chlo~-
ride, table salt, which consists of two chemically aggressive
components, sodium and chlorine, but is harmless as a compound.
A molecule (or atom) like sodium has a certain physical structure
{nuclei and electron shells). This physical structure (e.g. the
wave function of electrons) describes nothing but the modes of
interaction of the molecule or atom which can be realized in
certain experiments (i.e. interactions with certain media). Thus, a
phenomenon which under all possible circumstances behaves
(interacts with any kind of environment) like a sodium atom is a
sodium atom. It makes no sense to claim that a sodium atom has
certain properties by itself regardless of its modes of inter-
action. ’

Accordingly, properties of a phenomenon necessarily change
whenever the modes of interaction change. These changes can be
slight or profound; they may remain within the range of our
expectation or may be surprising. If we could test a substance
under all possible conditions of interaction with other sub-
stances, we would be able to predict any of those changes.
However, this is not possible, and as a consequence we will oflen
be confronted with “completely new” or “emergent” properties.
The interaction of chemical substances can be such that the
atomic structure of the two substances is completely altered (by
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fusion of the electron shells), as is the case with the sodium
chloride molecule. Sodium chloride, in this sense, does not ‘“con-
sist” of sodium and chlorine atoms anymore, and it is, thus, not
surprising that it has “completely new” properties. However,
these new properies result from the properties of the compo-
nents, viz., the capacity to drastically change their atomic
structure in a given way. Therefore, in this popular case of
“emergent properties”, it is true that the properties of the
sodium chloride molecule are by no means detectable at the level
of the components; this is impossible because the molecule does
not really consist of the elements sodium and chlorine, but of.
transformed states of these atoms. The same is true if we
proceed to more complicated molecules, e.g., biomolecules, and
much more complicated systems such as cells and multicellular
organisms.

Emergentism makes an inacceptable distinction between
properties and modes of interaction. Accepting the fact that
properties and modes of interaction are mutually defined, then
emergentism becomes a truism because all properties are emer-
gent propertlies.

Reductionism, in its common version (which is different from
quantum chemical reductionism, see below), denies this fact,
namely that due to a specific mode of iriteraclion inside a given
system, components can drastically change their properties such
that they are not identifiable any more wilth the components
prior to the composition of the system or with substances
outside the system. This is especially true for living systems,
because they have two peculiar properties: they consist of
unusual componenls, macromolecules of a very complex nalure,
and show unusual properties, Lhose of self-production and self-
maintenance (cf. an der Heiden, Roth and Schwegler 1985, 1986).
The most important macromolecules of which organisms are built
are amino acids, nucleotides, fatty acids and polysaccharides.
Amino acids are the building blocks of proteins which, as struc-
tural proteins, constitute most of the structure of organisms,
and, as enzymes, regulate all physiological processes. Nucleo-
tides, in the form of nucleic acids (DNA, RNA), are the compo-
nents of the genome which serves as a “manual” for the enzymes
to produce other enzymes and to control the physiological pro-
cesses; as adenosine phosphates (e.g. ATP) they are the most
importanl energy carriers and play an important role in the
intracellular signalling system. Fatty acids (e.g. phospholipids)
are lLhe basic components of membranes inside and surrounding
the cells and have also energy storage functions. Polysaccha-
rides {“sugars”) are the primary energy source for organisms.
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All these are molecules that are not naturally found outside
organisms. Their most important property is that they show the
capability of self-organization or self-aggregation in the sense
that the complex arrangement is reached “spontaneously” when-
ever the appropriate building blocks are present. This is not
only true for the three-dimensional folding of enzywmes, but also
for more complicated structures such as enzyme complexes,
ribosomes, membranes and viruses. Since many of these phe-
nomena of self-organization and self-aggregation occur even in
vitro, they must be caused by inherent properties of the macro-
molecules themselves. However, such first-order self-organizing
processes — although being the necessary basis of life - have
only a limited capacity for the generation of order. Finally, when
forming a closed circle of mutual production and maintenance,
they form autopoiesis which, thus, can be understood as a
circular concatenation of first- and second-order self-organizing
processes (Roth 1986).

For a reductionist, autopoiesis, as the typical organization of
life, is the direct result of the self-organizing properties of the
components, because only from them result the modes of interac-
tion that lead to autopoiesis. In this sense, life and all its
properties can be reduced to the properties of the building
blocks. However, at present it would be impossible to explain the
properties of these biomolecules only on the basis of the prop-
erties of their components, for example predict the enzymatic
activity of a protein from the amino acids of which it is built, if
we had no substantial knowledge about how living systems are
organized. So, reductionism in biology is always an ex-post
reductionism: we can “deduce” the properties of the system from
its components only after we have gained sufficient knowledge
about the system as a whole.

The reductionism described so far holds thal it can reduce
the autopoietic organization of life to abiotic building blocks, the
macromolecules, these Lo smaller molecules and these to atoms,
where the sequence of reduction stops. There is another and
more sophisticated reductionism that does not rely on such a
hierarchy but claims that everything has to be reduced to nuclei
and eleclrons. We will call this quantum~chemical reductionism.
This type of reductionism is fully aware of the above described
siluation in chemical reactions (e.g., regarding our example of
sodium chloride) and it does not reduce processes to a level of
some objective components and their inleractlions, because guan-
tum objects like electrons and nuclei adopt the appearance of
reality only through interaction wilh (or measurement by) the
observer. Therefore, reduction occurs by a construction of the
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properties of all (as the radical advocales of quantum-chemical
reductionism believe) higher-level objects and processes from
guantum theory.

However, even for the simplest molecules, this program can
be carried out only by the use of drastic approximation and
ad-hoc assumptions. The more complicated the molecules are, the
more ad-hoc assumptions have to be applied that are guided by
empirical {i.e. posl-hoc) knowledge about the properties and the
reactions of the molecules under consideralion. Therefore, par—
ticularly for the large and complex biomolecules, a rigorous
gquantum-theoretical calculation “from first principles” or “ab
initio” turns out to be a fiction, let alone a quantum-chemistry of
organismal processes.

Thus, without any possibility to confirm or falsify this
quantum-chemical fiction, there is no alternative to introducing
the properties of those highly organized systems by their em-
pirically determined modes of interactions which have to be
studied under the conditions of life {or under conditions of
which we know that they are very similar to those of life). Even
the most detailed quantum-chemical knowledge about amino acids
would not tell us what decisive role proteins (as sequences of
amino acids) could possibly play when inleracting with nucleic
acids, phospholipids, polysaccharides and many more highly
“improbable” chemical substances. We need at least partial
knowledge about the organization of life in order to understand
how life works. But this is not reductionism anymore, because it
says nothing other than life originates from the interaction of
specific building blocks under conditions that are typical for
life.

Thus, to be able to understand, i.e. to explain, how life
originates from its components, is not the same as to reduce life
to its components. Rather, it is the opposite of reductionism in
that we understand the properties of the components after we
have understood their role inside organisms.

What we want to propose is a distinction between reduction-
ism and physicalism. Physicalism is understood here as the
attempt to describe all phenomena in terms of physics. The
description of observable phenomena (even in atomic and nuclear
physics and even more in biology) is possible on the basis of
classical physics. In this sense, we can formulate a non-reduc-
tionist physicalism with respect to biology: all biological phe-
nomena can be described in terms of classical physics. For
explanations, low-level as well as high-level laws are allowed
even if {as is usually the case) higher-level laws are not re-
duced to {explained by) lower ones. Also, “biological laws” are
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permitted, but, of course, no laws should contradict each other.
This physicalism includes any kind of “emergent” properties of
complex systems, i.e. system properties that follow “higher-level
laws” as compared to the properties of the components of the
systems., What is excluded are “ontological” gaps between the
different levels, because the whole body of ‘“reality” (see below)
is described by the same language of classical physics.

3. Is mind reducible to the brain?

The relationship between mind and body, or in more modern
terms, between mind and brain, has seen an almost sensational
rebirth in recent years. This is not quite surprising, because
the stormy progress of brain science and the equally stormy
development of computer sciences and artificial-intelligence re-
search has forced theoreticians of any kind to thoroughly re-
consider the mind-brain problem (Gardner 1985; Churchland
1986).

It is not our task to present and discuss the numberless
theories related to the mind-brain relationship. Many of them
have become rather obsolete, viz., all those theories that see
mind as being an independent entity with respect to the brain
and the body. Empirical evidence shows thal mind and mental
capacities are strictly dependent on the presence of a brain and
change with changes inside the brain. If we accept this, then the
only question worth discussing is: How close is the relationship
between mind and brain?

A now widely accepted view among philosophers and brain
scientists is that mind and brain are identical and that they
represent only two aspects of one and the same entity, an
“external” (the material brain) and an “internal” one (conscious
experience) (Feigl 1967). Indeed, there seem to be good reasons
to adhere to such a view. Modern experimental brain science and
clinical neurology demonstrate a close correspondence belween
brain processes and mental processes. Since structure and
functional organization of certain subsystems of the mamma-
lian/human brain, for example the visual system or the motor
system, are now well known, it is possible to correlate a lesion or
dysfunction in a circumscribed brain area with a loss or im-
pairment in visual perception, imagery, memory, or motor control.
In some cases, this correspondence can be traced down to the
level of single nerve cells. With the refinement of modern
scanning techniques (e.g. a combination of PET-scan tomography
and NMR technique, cf. Raichle 1986) it may soon be possible to
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“read” thoughts, i.e. to tell the actual mental activity of a
subject, at least in some rough manner, from brain activity. Does
this mean that mental activity, mind, can be indeed reduced to
neural activity?

Our view is that even if modern brain science can demon-
strate an arbitrarily close correspondence between neural states
and mental states, this does not allow us to state an identity
between both events. First and most trivially, an arbitrarily
close correspondence between two phenomena A and B does not
necessarily mean an identity of A and B. B can simply be a
consequence of A. Streels become wet when il rains, but no one
would consider rain and wetness of the street to be identical
phenomena. Likewise, we could say that mind is a function or
consequence of brain events without implying that mind is
identical with the brain.

Furthermore, nol all brain processes are accompanied by
‘mind (in the sense of conscious experience). As far as we know,
this is true only for cortical processes, and even not for all of
them. This means that neural events do not necessarily lead to
mind, and that mind is not a consequence of lhe mere complexily
of neural networks {as was often assumed). Cortical processes, in
order to be mind-related, apparentily need, in addition to sen-
sory inputs, the highly dynamic interaction with several other
subsystems, e.g. centers in the brainstem reticular formation
that control wakefulness and attention, and with the memory-
access system in the limbic system. Thus, there are no single
parts and centers of the brain with which we could identify
mind. Rather there is a very specific mode of interaction between
parts of the brain that leads to or is accompanied by mind.

Finally, modern clinical scanning and EEG techniques have
shown that the close correspondence between mind and brain
may be realized differently in different individual brains, at
least as regards “higher” cognitive functions, such as language
and music recognition, planning and imagery; only in one and
the same individual, is there a high degree of stereotyped
correlation between these mental states and the activity of
specific brain areas. Particularly the studies on the (asymmetric)
distribution of cognitive functions in the cortex have revealed a
high degree of inter-individual variability. While basic percep-
tive functions usually occur in the same brain areas in all human
beings, due to the basic, experience-independent topography of
the brain, with respect to “higher” cognitive functions the
developing and self-organizing brain-mind system has a higher
degree of freedom to specify which parts of the cortex will be
involved.
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This plasticity is possible only because neural activity is, as
such, semanically neutral: a particular neural activity can
achieve arbitrary meaning, depending on the context in the
brain. This context is specified (i) by the topography of the
brain area under consideration, i.e. the set of inputs and out-
puts of this area, and (ii) by the spatio-temporal processes
within the larger networks in which the specific area is situated.
Most non-cortical parts of the brain are highly complex in their
cytoarchitecture and rigid in their processing capacities, and
this means a low degree of variability in the relationship be-~
tween structure and function. In conirast, the cortex is archi-
tecturally highly uniform, and this uniformity means a high
degree of versatility with regard to the correlation between
structure and function {Creutzfeldt 1983; Rakic and Singer 1888).
This constitutes meaning of the cortical processes.

Therefore, the strict correlation between complex cortical
processes and their meaning is not pre-established, but is
formed during development of the cognitive sysiem through
self-organization and self-specification. Initial neural networks
develop a certain function that has certain consequences for
other neural networks including motor areas that control behav-
ior. These conseguences are what we subjectively experience as
meaning, They influence the further development of neural
networks, and this again leads to modified functions which,
through their behavioral or nonbehavioral (brain-internal) con-
sequernces, organize new networks etc., etc. Thus, the relation-
ship between brain and function/meaning within the cognitive
system develops in an interactive and self-organizing manner
during the development of the whole system.

A good example for the relationship between mind and brain
is written language. There is no pre-established correlation
between the word as a sequence of characters (and of the
physical shape and nature of characters) and its meaning. Any
word can, in principle, have any kind of meaning, and many
words have indeed different meaning at the same time in diffe-
rent contexts or at different historical times. However, at a given
time and in a given context, every word must have precisely one
meaning, olherwise communication would be impossible. Thus,
although word and meaning are by no means identical and can
change in any direction, at a given time and in a given context
we find a reliable correlation. As in the brain, this correlation
between word and meaning is a product of self-organizing and
self-specifying processes.

Mind is an emergent properly of the brain as being a
complex, self-organizing system. As such, mind cannot be re-
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duced to properties of single nerve cells or networks, because
what the activity of cells and networks means to the whole brain
is asymptotically determined by the interaction of the whole
brain, especially with respect to behavioral consequences. How-
ever, despite its non-reducibility, the emergence of mind de-
pends on very specific properties and modes of interactions of
the components, nerve cells and neural assemblies, with all their
electrochemical and dynamical properties, and on a very specific
interaction of certain parts of the brain, e.g., cortex, brainstem,
limbic system.

Thus, on the one hand, mental processes cannot be reduced
to brain processes, because they are agenis that - once arisen -
are able to modify brain processes which in turn lead to the
modification of mental processes. On the other hand, we have
seen that all mental processes at a given lime have exactly one
neural equivalent. This results in the possibility that mind can
be described in neural, i.e. physical Lerms, even if mind is not
directly accessible to a physical description. If we really under-
stood all the modes of interaction between the neural networks
and all their initial and boundary conditions, we could, at least
in principle, derive from the neural processes and their changes
the activity of mind. In practice, however, this will never be
possible, because by finding out the modes of interactions of
neural networks and their initial and boundary conditions we
would necessarily interfere with them and change them. What
.remains, however, is the physical description of the brain. With
respect to the mind-brain relationship, as in the case of the
biology-physics relationship, we end up with a non-reductionist
physicalism.

4. Reality and Actuality

There is a fundamental reason why mind is nol reducible to
brain events, and this has to do with the fact that we try to
describe and explain how mind results from the brain while
being mind: the system that describes is identical with the
system thal is being described. Such a circular situalion usually
leads to a paradox.

In order to cope with this problem, let us, for a moment,
imagine what God sees while looking at the world. God sees a
world, which we will call REALITY. In this world organisms exist
that have to survive within their respective environments. Some
of these organisms possess brains that generate and control
behavior in such a way that the organisms are able to survive.
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At least some of these brains have conscious experience or mind,
that forms a world in itself, the phenomenal world or ACTUALITY
(*“Wirklichkeit”), An “Ego” exists that experiences itself as the
subject of this phenomenal world by interaction with other Egos,
produces the world of social events and processes.

Let us turn now to a subjectivistic scenario and consider the
world in the way in which this Ego experiences its world, or, as
we experience our world. There is the environment, filled with
objects and processes of an infinity of qualities and quantities;
there is our body and its wvarious sensations: touch, position
sense, pleasure, pain; and there is the domain of our emotions
and thoughts, or “mental” slates. These domains are experienced
as being different from each other, although they are continuocus
in a certain sense: the environment and our body seem to belong
to the same world, the physical world, which we encounter via
our sense organs, although the sensation of our body is diffe-
rent from that of environmental physical objects and processes,
and we are constanily aware of our body via a syslem called
proprioception even if we do “nothing specific”. The body is felt
as being “embedded” in the environment. Our emotions and
thoughts seem very different from the phenomena of the envi-
ronment, but they are intimately embedded in our body: our
happiness, fear, anger and pleasure are able to affect our body
completely; our thoughts can conquer our brain completely and
bodily pain can deeply disturb our mental states.

A paradox arises when we try to combine these two views.
Within the objectivistic scenario it seems clear that the phe-
nomenal world, ACTUALITY, is part of, or produced by, the
objective world, REALITY, via the nervous system and its func-
tioning. In this sense, people say that our perception, cognition
and feeling are produced by or arise “inside” our head or brain.
But at the same time, it is said that it is the brain that consti-
tutes all this world we experience! How can these two views be
harmonized?

Let us suppose, I am at this moment a patient undergoing
brain surgery. I am lying in the operating theater, with my skull
open and my brain exposed. I can hear and see what is going on
around me, because brain surgery is usually carried out without
anesilhesia in order to test the site of important brain functions
prior to removing parts of Lhe brain (e.g. those infected by a
tumor). I can see and feel my body, and I can, with the help of a
mirror or a video camera, see my own brain. This brain is, with
no doubt, part of the environment, because I can look al it. At
the same time, I am, as a neurobioclogist, forced to assume that
my brain is thal system that produces everything I can see,
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hear, feel and even think. How, then, could this brain look at
itself? How could it be outside itself? The whole operating
theater, the persons surrounding me, my own body, even my
brain should be inside my brain! Since the brain at which I am
looking is part of the operating theater which is inside my brain,
this would mean that my own brain were inside my own brain.
This certainly is a deep paradox.

One could argue thal this is a rather unlikely situation.
However, it is simply a drastic illustration of the fundamental
epistemological and ontological problems that arise whenever we
try to develop a theory of cognition that is epistemologically and
empirically well founded. This becomes evident, for example, in
Maturana’s theory as presented in his “Biology of Cognition”
{Maturana 1970, 1982). What Maturana was originally interested in
was to answer the question: “How do we cognize and know?”, He
realized thal cognilion could not be explained from ilself, but
only as a biological phenomenon; thus, in order to understand
cognition he had to understand how living syslems are organ-
ized. This led him to the question: How does the organization of
the living beings condition cognilion in general and self-cogni-
tion in particular?, But in order to answer this question he had
to analyze living systems,; to be an observer. One of the centiral
stalements in the “Biology of Cognition” is that everything that
is said is said by an observer. But this observer - as Malurana
emphasizes - is himself a living system, and every explanation of
cognition as a biological phenomenon has to contain an explana-
tion of the observer and his role therein. In other words: the
observer observes and explains cognition by observing and
explaining living systems while being a living system and while
exerting cognition.

Accordingly, in Maturana’s theory we find a peculiar con-
catenation of three different types of theory: epistemology (ob-
server), cognitive theory (cognition) and biological systems
theory (autopoiesis). By linking these theories in an explanatory
circle, Maturana hoped to come to a self-explanatory theory. He
started to explain living systems as autopoietic systems that
possess brains which, through self-inleraction, produce co-
gnition, and, through self-description or language, develop the
observer. This observer, then, is able to develop a theory of
living systems as autopoietic systems that possess brains which,
through self-interaction, produce cognition, and, through self-
description or language, develop the observer who, then, is able
to develop a theory of living systems etc., etc. If this circle
really worked, it would yield the first complete theory in the
history of philosophy and science, i.e. a theory that is able to
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explain its own logical, epistemological and empirical fundaments.
And certainly, if it is true thal both cognilion and the observer
are biological phenomena and that they are understood if and as
soon as the aulopoietic organization of living systems is fully
understood, then we have indeed bridged the ontological gap
between observer (mental states) and living system (physical
states).

But how does one begin a description of this circular system
of relations (in circular systems, beginning is always problem-
alic)? Should we lake the biological existence of the observer for
granted and start with epistemological considerations about what
the observer does, how he distinguishes objecls from a back-
ground, identifies relations and properties, and finally specifies
the organization of living beings, and himself as a living being?
But then we would end up with the painful guestion about the
ontological stalus of the statements aboul the organization of
organisms. If they are observer-dependent, how can they answer
the question about the “real” origin of the observer without
running into a vicious circle? If they are observer-independent,
how can an observer observe them at all, given the semantic
closure of the cognitive system of the observer that is always
emphazised by Maturana? Or should we, in contrast, lake the
epistemological conditions of the observer for granted and start
with biological, even biophysical and biochemical investigations
about how organisms are organized, how they interact with the
environmenl, develop a brain as part of the autopoietic nelwork
that exerts cognition and, through self-description and lan-
guage, generale the observer? But what epistemological and
ontological status has, then, the description of the organization
of living beings? Are they statements aboul the ‘“real” world? If
this were the case, then the observer had access to this world,
and Lhis would again contradict the concepl of semantic closure
of the cognitive/observing system. But if they were not state-
ments about the real world, how could we demonstrate the
biological nature of the observer?

The true dilemma arises if we take both the biological and
the epistemological status of the observer for granted and
concentrate on the investigation of the nature of cognition. Do
we, then, talk about cognition in an “objective” manner as
resulting from the “real” organization of living organisms (as
Maturana proposed) or in an observer-dependent manner? Is
cognitiion a process belonging to the organism or to the ob-
server? Does the observer result from the cognition of the
organism? If yes, then the observer has to observe himself as
emerging from lhe “real” organism. But if cognition results as an
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act of the observer, then we can say nothing about the emer-
gence of cognition and of the observer from the “real” organism.

It becomes clear that by using the ingenious circular rela-
tionship between organism, cognition and observer as proposed
by Maturana, we run again and again into fundamental onto-
epistemological problems. The idea of Lhe circular relationship
{or circular constitution) between organism, cognition and ob-
server is a fatal idea because it is based on an ontological jump
between REALITY and ACTUALITY, between the real biological
system that has a brain and produces Lhe observer, and the
actual observer who is a cognitive system and describes biologi-
cal syslems in his phenomenal world. Those biological systems
that are assumed to have brains that produce the observer do
not exist within the ontological domain, ACTUALITY, in which the
observer exists. They exist in the REALITY which is completely
inaccessible to any observer {even though we can talk about this
REALITY within ACTUALITY). In contrast, those organisms and
brains which Lhe observer can study and describe are not those
organisms and brains that produce the observer. When I, as the
above patient with an open skull, look at “my” brain, then this
brain is, of course, not that brain that produces my phenomenal
world, but it is a brain that is part of my phenomenal world. The
“real” brain that is assumed to produce this phenomenal world
including my own Ego does not appear in this phenomenal world.

The strongly seductive idea to establish a self-explanatory
system by combining a theory of biclogical systems, a theory of
cognition and a theory of the observer, led Maturana to become
an objectivist despite all his attempts o demonstrate the seman-
tic closure of the nervous system. This becomes evident in his
writings when he specifies the “true”, i.e. observer-independent,
nature of organisms (e.g., the statement that organisms are
mechanistic, purposeless, etc., systems). However, our phenome-
nal world is not transcendable; it is truly and completely closed,
as Maturana righlly says.

Thus, we cannot reduce mind (observer) to matter/brain and
explain how mind (observer) arises from matter/brain, because
~that brain and that matter that produces our mind (us as
observers) is inaccessible to us, and that brain and that matter
that is accessible is, as a part of ACTUALITY, not the producer
of mind. The only thing we can do is to observe inside our
phenomenal world the correlation between brain processes and
behavioral reactions (including statements about mental states or
self-experience in the case of a self-experiment). As mentioned
above, this correlation seems to be very close. To what degree
this holds for the relationship belween the real brain and the
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mind that constitutes the phenomenal world in which we exist is
a question that is unanswerable because the real world is truly
and completely inaccessible. There are no words and no concepts
by means of which we could describe a truly consciousness-
independent world.

5. Conclusions

All we can say aboul the unity of the world and the unity of the
description of this world refers to the phenomenal world. Thus,
what we have proposed above concerns the unity of ACTUALITY.
This world - the only world scientists can deal with - is neither
reducible to a few basic phenomena and laws, as reductlionism
claims, nor does it consist of unbridgeable domains, as emer-
gentism states. We propose a distinction between the possibility
of a unified way of describing the phenomena of this world, and
the possibility of a unified way of explaining it. There is the fact
that at different levels of complexity systems show properties
that as such are not reducible to the properties of their compo-
nents and can be understood as being “emergent” properties.
The reasons for such an emergence of properties result from the
fact that properties and modes of interaction define each other
mutually, and thal whenever certain entities become components
of a new system they will show new modes of interaction and,
with this, new properties. To whal degree these properties can
be predicted ab initio from the properties of the entities prior to
forming the system is a question of the complexity of the system
and the amount of pre-knowledge. In many cases, especially with
respect to biovlogical systems, such an ab initio prediction is
impossible, because Lhe components, biomolecules, reveal their
specific properties only or predominantly within the autopoietic
network of the organisms. The only thing we could do (although
even this is not possible at present) is to explain ex post how
the different biomolecules interact in order to constitute life.

A similar situation is found with respect to the relationship
between (actual) brain and mind. It is impossible to reduce mind
to brain processes, because brain processes as such are not
mind, having no meaning as such. What meaning brain processes
have, depends on the functional organization of ithe brain, e.g.,
its topography, and the modes of interaction between neural
nelworks. So, the whole system (or at least major subsystems of
the brain) specifies the correlation between brain processes and
meaning on the basis of the consequences of previous specifica-
tion. What brain scientists can do is to analyze which of the
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permanent and actual properties of neural networks lead to
specific mental states.

The language in which we describe the origin of life from
biomolecules and the origin of mind from brain processes is the
language of physics, i.e. a language that refers to processes of
spatio-temporal interaction of tissues, cells and molecules. If we
try to establish a unified description of the phenomenal world,
then there is no alternative to this language. This does nol mean
that we always have to use this language. Il mighl be exlremely
cumbersome to describe behavior in terms of interaction of
molecules. Many different level- and complexity~-dependent lan-
guages are possible. It only means that all other languages used
in bioclogy have to be able Lo be iranslated in principle into the
physical language. Accordingly, no concepts and terms are al-
lowed that are not translatable into physical terms.

Also, this physicalism does not imply that everything can be
reduced to physical laws. We believe that truly biological laws
exist, e.g. evolutionary laws, that can be expressed in physical
terms without being reducible to physical laws., Our physicalism,
thus, is a non-reductionist physicalism (we could also say, a
physicalist emergentism, as opposed to a holistic emergentism),
because the causes for law-like processes are not necessarily
found at lower levels.

We believe in a unity of description of the phenomenal world
that includes the acknowledgement of different levels of com-
plexily of systems. The deep reason for the difficulties that
many philosophers of science have with an understanding of the
complexity of the world, which leads them either to reductionism
or to a holistic emergentism, is the adherence to a substantialism
that has dominated philosophy and science for more than two
thousand years: the belief that objects have a true nature
(substantia) and a true identily and possess properlies (acci~
dentia) that can change without a change in the substance of the
objects. Any profound change of objects, then, either has to be
denied (as does reductionism), or has to be considered inexplic-
able (as does emergentism). Our alternative-view is that the
properties of the objects and processes are constituted by
interaction, which allows any kind of smooth or dramatic change
of properties, and that there is no “true” nature of objects
beyond these interaction.
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