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Abstract—We show here that what we call ‘visual space of 
consciousness’, the space of what we see, is a specific space 
different from the purely physical one and that its properties 
imply that it cannot be reduced to or deduced from physical 
laws. Some biological points are also briefly considered. The 
arguments are of logical, mathematical and physical character, 
and although elementary, they require a careful reading. There 
is no need to define consciousness; we only observe some of its 
properties, namely geometric and topological properties of 
visual consciousness, and show that these properties cannot be 
based on physics only. Now, if a part of consciousness cannot 
be grounded on physics only, it is the same for consciousness as 
a whole and we speak of the irreducibility of consciousness to 
physical data. We do not consider philosophical questions or 
issues; in a simple physical and mathematical frame, we give a 
logical proof of this irreducibility. Elements for a formal 
mathematical, logical proof are mentioned at the end of the 
paper. Concerning intelligent systems, this paper is rather a 
challenge: it reveals a limit for wished achievements of 
intelligent systems. Moreover, the idea of non reducibility of 
consciousness to physical properties may help conceive 
foundations for studies in possible contact-less brain-computer 
interface. 

Keywords-consciousness; vision; physics; reality; continuity; 
logic. 

I. INTRODUCTION 
The main purpose of this work is to give a proof of the 

non reducibility of consciousness to physical data. In order 
to treat the problem precisely and have clear definitions, we 
essentially limit the question to the visual space, i.e., to the 
space we see (when looking at something), so that we need 
not define consciousness. If a part – the visual one – of 
consciousness cannot be founded on physics only, it is the 
same for consciousness as a whole and we speak of the 
irreducibility of consciousness to physical data. In Sections 
II and III, notions of visual space and irreducibility are 
respectively defined; then we study two main properties of 
the visual space, namely its continuity (Section IV) and 
unity (Section VI). Since regarding unity the biological level 
is concerned, this point is briefly discussed (Section VII). 
The last section gives elements for a formal mathematical 
and logical proof (which is out of the scope of this paper). 
Finally, we conclude with a short historical perspective. The 
strictly scientific approach of this work and difficulties we 
met may give new ways to study the possibility (or not) of 

contact-less brain and computer interface, which is certainly 
a tricky subject. 

A first shorter version of this paper appeared in a hardly 
accessible Journal [1] (see also [2]). 

II. THE CONSCIOUSNESS SPACE 
For a given observer, let A be the space of ‘physical 

reality’ as known by physics, the ‘real’ space of matter with 
what is included in it: moving atoms, particles and waves; 
and let B be the observer’s brain regarded as a space, with 
its physiological and neuronal activity (of course B ⊂ A); 
then let C be the space of the observer’s perceptive 
consciousness: what he sees, hears, touches, etc. considered 
as a space. There are, of course, further levels of 
consciousness, in particular a witness consciousness: the 
one that sees, hears, etc. (not to speak of the thinking one). 
But, here, we consider only perceptive consciousness, what 
is seen (heard, etc.), and, more precisely, the visual space in 
the case of vision (resp. the spaces of what one hears, 
touches, etc. for the other senses). For simplicity and 
because of its obvious geometric appearance, we confine 
our remarks mostly to the visual space, but the same points 
can be made about other spaces of perception (For a very 
interesting approach of consciousness of sound, see [3] and 
[4]). In what follows, we will speak of A, B, and C also as 
being respectively the ‘real’ or physical space, the brain 
space and the consciousness space with its visual sub-space. 

Between a part of A – B (elements of A that are not in 
B) and B there is a map, say ƒ, which to physical events in 
this part of A – B, through the perceptive channels, 
associates reactions in the brain space B. For instance, a 
photon flux received by the eyes creates an activity in the 
optical nerve and then in the brain. To this activity at the 
level B corresponds in general a representation in C; let g be 
this correspondence between brain activity and its 
representation (image) in the consciousness space. There is, 
therefore, a correspondence from A to C defined by  
h= g [ƒ]. We have the following diagram (Figure 1). 

If we limit C to perceptive consciousness – as we are 
doing here – we could expect to have g [ƒ(A – B)] = C, but 
this is not the case since we are going to show that there are 
properties of C which do not proceed from properties of A. 
Note that ƒ is not injective, since different points in A 
cannot always be distinguished in B, and even less in C. 
One might discuss, of course, the precise domains of 
definition of ƒ and g – since there are no, for all events in A 
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Figure 1. Spaces A, B, C as presented in the text. 
 

or in B, corresponding reactions or representations in B or 
C,  respectively,  but  this is of no importance here. Also we 
did not give a precise mathematical definition of the maps 
since it is not even clear what the elements in A, B and of 
course in C are; one should probably rather speak of a map 
between some subsets of A and subsets of C, or even better 
in the language of categories; for an approach of some 
properties of consciousness in terms of categories, see [5] (I 
am thankful to the mathematician G. Choquet who 
mentioned this remarkable work). For sake of simplicity, we 
keep the elementary formulation in the language of set 
theory, also because we shall have a logical approach 
referring to some axioms of set theory. The given 
correspondences f and g are however clear enough to say 
that h gives a representation or an image of the reality A in 
the consciousness space C. For instance: to a subset T of  
A – B, a subset of particles reflecting a flux of photons, is 
associated, through the brain space B, a representation h(T) 
of T, in C, say a table; this table is a representation of 
external physical data (the set of all particles, waves, etc. 
concentrated in the given space we call table). We are going 
to study some properties of the space of such 
representations, what we call the consciousness space C. 

 
Proposition 1. The space C is a specific space in itself, 

different from A and B. 
 
Proof. We have C ≠ A, since the representation of A – B 

in C depends on B (and g), whereas A – B does not. For 
example if B is disturbed or injured, clearly so will be C (for 
instance a person sees two tables or none), while A – B has 
not changed (there is still one table). But also C ≠ B. What 
we see is not the brain, nor the activity of the brain. The 
same arguments show, moreover, that C ∩ A =  and  
C ∩ B = . Stated otherwise, the proposition says that 

the consciousness space is different from the real 
physical space and from the brain space. 

Given an object X in A, we do not see X in itself but 
only the result in C of a physiological and neuronal activity 
in B created by photons coming from X. This is well 
known, but the unconscious identification of h(X) with X, 
of what we see with the material physical world, is so strong 
and so widespread – even for those who have read Kant – 
that it is necessary to restate clearly: there is a proper space 

of consciousness and the picture that one sees is not the 
physical world. It is merely a representation of a set of 
particles and waves in the consciousness space; it does not 
mean, however, that this space is itself a ‘set of particles’: 
this is the point, the visual space is a proper non discrete 
space (see below). 

An interesting question is that of the dimensionality of 
the consciousness space. For the visual space, one usually 
counts three spatial dimensions and three dimensions for 
colours. But we do not see a mixture of three colours; we 
see at least seven colours and their varieties and mixtures 
(For a topological approach of visual and colour spaces, see 
[6]-[8]). And what about the dimensions of the spaces of 
what we hear [4], smell or touch? Here, however we do not 
consider this question. 

III. ON  IRREDUCIBLE PROPERTIES OF THE 
CONSCIOUSNESS SPACE 

It is clear that the consciousness space has properties 
that are not as such in the physical space: this is the case, for 
instance, for colours, which are indefinable without the 
direct experience of seeing them (a person blind from birth 
can have no idea of what green means, though he might 
associate other feelings with this word). However, although 
the qualities (qualias, see [9]) of a colour cannot be given 
physically, they do correspond to physical data: a green 
object reflects the light waves with a frequency that we see 
as ‘green’. We say that this property of being green can be 
reduced to physical properties. 

The question then arises whether there are properties of 
the consciousness space that cannot be reduced to real 
physical ones. If so, we speak of irreducible properties. 

IV. CONTINUITY OF THE CONSCIOUSNESS SPACE 
A remarkable property of the visual space (but it is true 

also of other perceptions, although the matter is more 
difficult to formulate) is its continuity. We understand 
continuity in the mathematical sense, but the following 
elementary definition is sufficient here: in the visual space, 
there are no gaps or moving separate points; e.g., an 
ordinary white sheet of paper appears uniformly, 
permanently white and still, for at least a while. In contrast, 
physical reality at the atomic level is essentially discrete, 
non uniform, never motionless, and full of collisions; it does 
not mean that there are holes of energy or whatever, but we 
number atoms, electrons and various particles. With modern 
laser and other technologies, an isolated electron can be 
observed [10][11], and with the Nitrogen Vacancy (NV) 
nanotechnology it is possible to produce sources of isolated 
photons [12]. Moreover, particles and waves are in 
perpetual movement. Of course, at our macroscopic level, 
we can use a magnifying glass and discover other aspects of 
what our eyes and consciousness did not see before, but the 
image remains continuous; there are no holes in the space of 
visual consciousness. Thus, we have the question: how can 
a discrete moving atomic reality be represented in a 
continuous way (both in space and time)? The usual 
explanations about such questions concern the macroscopic 
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level of perception. A typical example is given by the 
continuous appearance of a discrete pile of stones seen from 
a distance: it seems to be a white continuous spot. The usual 
argument is that the discreteness is too subtle to be 
perceived. The question then arises: to be perceived by 
what? And where? Indeed this gives no explanation at the 
atomic level, since the perceptions are transmitted and 
received (if we remain in a purely physical world) by 
discrete processes of particles and moving waves, 
particularly photons, and charges. How does this produce a 
continuous image, and where does this image appear? 
Certainly not in a physical space of particles, nor in the 
neuronal brain; the neurones transmit physical information 
up to consciousness which produces the continuous image 
we see; this is also a proof that C, in no way belongs to the 
physical or brain space, and is a specific space of non-
material, non-physical nature. Something to be perceived 
needs a perceiver and here the perceiver’s visual continuous 
space cannot be reduced to physics because of the argument 
above. If everything were created, transmitted and received 
by physical spaces, it would remain permanently moving 
and discrete. As we say in French, “the most beautiful girl in 
the world cannot give more than what she has”: physics 
gives no more than physics. 

 
Proposition 2. The property of continuity of the 

consciousness space C is not reducible to or even 
explainable in terms of physical reality. 

 
Against this statement, there is also the argument that if 

there were holes in the visual space we simply would not 
see them, since we obviously cannot see what we do not 
see (!). The discrete structure, therefore, cannot be 
perceived. However, this argument again supposes that 
something is perceived and already presupposes a perceiver: 
who is the we in the sentence above and who or what is 
seeing? In such answers, it is assumed that something 
(somebody) already sees or does not see; and the question 
remains how, in the final analysis, a ‘continuous’ space of 
vision can exist and where it can be located. Since it cannot 
be based on physics only, the conclusion is straightforward: 
continuity is a creation of consciousness. And, here, we 
come to a purely mathematical and logical consideration: 
continuity is not definable from discreteness and finite 
considerations, and cannot exist in a finite numbered 
domain. But physical reality – in a bounded domain at least 
– is finite. The property of continuity is, therefore, indeed 
irreducible to any physical reality, unless the notion of 
continuous field be introduced, which is a very theoretical 
and problematic notion that we discuss below. 

A related important remark is about the relevance of the 
so called Nyquist-Kotelnikov-Shannon Theorem, to this 
problem of continuity. Briefly speaking, this theorem shows 
that it is possible to restore a regular continuous wave by 
knowing a finite (but sufficient) number of points on this 
wave (see [13] and [14]). Strictly mathematically, this result 
requires Fourier transforms, but even at a simpler 
mathematical level, our perceptual problem is not 
concerned: it is not because 9 x 40 = 360 that we see 360 

points in a set of 9 rows of 40 points; we need to count or 
calculate. Thought is needed, perception is not sufficient; 
while here, we are concerned by visual perception only. 

A. Commentary 
One can discuss whether the property of continuity is 

needed to characterize the visual space; for instance, is the 
property of density not sufficient (as for the line of rational 
numbers)? Let us recall that density means that between two 
points there is always a third one. The above irreducibility 
argument remains in force even if we assume density; since 
density implies infinity, even in an interval or bounded 
space; indeed, the fact that between two points there is a 
third one implies that between these two there is an infinity 
of points. An absolute proof of the continuity of the visual 
space in the strong mathematical meaning is certainly not 
possible because it requires high technical considerations of 
infinite character – let us recall that the continuity of a space 
implies that its infinity is not countable, which means that it 
is bigger than the infinity of the set of integers (it is said to 
have the power of the continuum). Such considerations are 
purely theoretical and certainly beyond any experience. But 
there is another strong epistemological argument for 
attributing continuity to the visual space. This argument 
comes from answering the question: how did the concepts of 
geometrical (Euclidian) space and precisely of continuity 
appear? How the geometrical line was and is understood to 
be continuous? 

The notions of geometrical space and line appear, of 
course, in and from our visual space and visual experience 
(connected with that of movement and touch for three-
dimensional awareness). Moreover, all our intuition of space 
geometry in the plane comes essentially from our visual 
space which, as we know, until the discoveries of Relativity 
Theory, was considered in its Euclidian formulation to be 
absolute (from the physical point of view at least). The 
notion of continuity proceeds as well from our visual 
experience, the best notion of a continuous line or surface 
being probably given by a surface of water: there are no 
holes or separations. That a segment of a straight line has 
infinitely many points (because it is dense) is readily 
understood and has been understood since Antiquity as well 
as the (intuitive) continuity of the line. And it is most 
remarkable that children, from visual experience, easily 
understand the notion of a (straight) line as well as its 
potential infinity and its continuity as being with ‘points 
everywhere’ so that there are no holes left. Of course the 
notions of closeness, or of going through are also related to 
our experience of movement and touch, but, finally it is by 
reasoning on the geometric line, which belongs to and 
comes from our visual space (so that it can be drawn), that 
the theory of this geometric line has been worked out. Also, 
let us note that in our visual space all (necessary 
macroscopic) movements are continuous: it is impossible to 
join two points without passing somewhere in-between, 
while this is not the case at the atomic quanta level. It is, 
therefore, quite reasonable to consider that our intuition and 
understanding of the visual space demonstrate it to be a 
continuous space. 
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