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Brief Description: Study of consciousness should take personal experience of qualia and free-will as a starting point. The relationship between subjetivity and life is of major relevancy. This paper proposes a definition of consciousness as the emergent unity in the information processing systems that relate living beings to their environment.
Key Words: Consciousness, Life, Emergentism.
SUMMARY:

Any theory should be consistent with our personal experience of consciousness and free-will and tackle two different sides of the problem: the nature of the psychic subject and its physical support.

Orch-OR provides with an interesting framework for the study of the physical support of consciousness. It could, by means of the indetermination of quantum mechanics, avoid determinism as necessary for free-will. In addition, quantum entanglement is a very attractive quality when considering the unity of the conscious experience. However, quantum mechanics are not sufficient to explain the physical substrate of subjectivity in its own. Quantum indetermination is not the only one that we find in nature. Complex non-linear systems (as the human brain) are also unpredictable. Moreover, the role that quantum mechanics awards to time as a mere independent variable is not compatible with the different dynamics of complex systems. Therefore, not only classic and quantum physics should be regarded as instruments for the study: the theory of Dynamic Systems should come into play as a key element.

The relationship between life and consciousness is a question of major relevancy.  If life can be defined as auto-organization and a unity principle in complex chemical systems, consciousness can be understood as emergent unity in the information processing system of the living being. There is medical evidence that life can continue in individuals whose physic subject has disappeared, consciousness is not necessary for life but the ability to generate co-ordinated responses results in a better adaptation to the environment. As an emergent level of complexity, it is characterised by creating a single entity out of disperse physical elements and by creating an additional possibility of contradiction in the decision taken compared to the individual responses that would have resulted from each different decision factor or stimulus considered individually.
PAPER’S MAIN TEXT:

1 Introduction
1.1 Starting point
For every study of consciousness, the starting point should be personal experience of both consciousness and free-will. Even from a radical scepticism as assumed in Descartes’ [DESCARTES], we cannot doubt that we doubt, experiment qualias, and have the impression of taking free decisions (may this be true or not). In addition, the physical support for these is a body that we perceive to be classical, although it might well have characteristics that gave quantum mechanics an important role in some of its functions.
We look for a theory of consciousness that is consistent with these facts, and which can give us an explanation of what these are and how they relate to each other, to life and the reality around us. 
1.2 Do we have an existing model coherent with these? 
The answer is partially affirmative.
Orchestrated Objective Reduction [HAMEROFF 82, 06] states that consciousness involves a specific form of quantum computation which underlies neuronal synaptic activities. These computations occur inside microtubules, the basic bricks of the neuronal cytoskeleton. Microtubules are conformed as self-assembling cylindrical polymers of the protein tubulin, which has two different conformational estates that, due to the influence that quantum physics has into them, appear to be superpositioned as quantum qbits. This qbits interact and compute by nonlocal quantum entanglement. Eventually, they are measured and therefore reduced to definite estates that represent the solutions of the prior calculations.

The decoherence, or objective reduction, would occur periodically according to this theory, which is consistent with the best electrophysiological correlate of consciousness found until the moment, the gamma EEG oscillations (which lye in the range from 30 to 90 Hz). The effects of some anaesthesias can be explained by assessing their impact on microtubules.
Involving quantum physics in the problem of consciousness has two major strengths:

· Quantum indetermination would include some non-computable factor in the calculations that would allow us to escape from determinism and keep free will.
· Quantum entanglement, as a phenomenon that is able to convert several individual entities in a single unity until decoherence, could explain the holicity of consciousness. Regardless of the number of computation units involved (neuron cells or tubulins), qualia are a single entity. 

· Less importantly, OrchOR allows rejecting the conclusions of Libet’s research. Experiments conducted in the 1970s by Benjamin Libet [LIBET 04] suggested that the brain activity corresponding to a perception happens up to 500 ms after the perception was generated. By then, conscious responses have often been generated. Libet suggested that they were automatically generated but were “referred backwards” when they were registered in memory, so consciousness control is only an illusion. OrchOR opens a possibility for information travelling backwards in time as quantum mechanics enables, allowing us to have a consciousness that is not merely epiphenomenological.
Nevertheless, there are some important questions that have not been addressed by OrchOR satisfactorily:

· What are qualia? Why OrchOR produces subjective experiences (this is known as the hard problem)?

· What is consciousness? Adding a new layer of complexity to the neural engrame theory [EDELMAN 00] does not answer this question. Identifying consciousness with Orch OR is equivalent to stating that it is identical to the firing of cortical neurons.
· Can there be consciousness outside a brain, or outside a living being? What is the relationship between consciousness and its physical support? And between consciousness and life? 
There are two different levels of reality underlying these questions:
· What are the physical properties of matter that allow the appearance of consciousness? What is the physical substrate of consciousness? This is the question that OrchOR is addressing. The reason why these properties produce subjective experiences and not a different thing is considered out of the scope of this work.

· What is consciousness? We would like to understand the nature of consciousness as an aggregate of processes. The answer to this would be the key to identify different occurrences of consciousness with maybe dissimilar physical structure. The study of dynamic systems, of complexity and emergent properties is part of the necessary framework to understand this question, which is not tackled by OrchOR.
Sections Determinism vs Predictability, The third conception of reality, Conciousness and brain and Life and Consciousness refer to the first “physical level” of the consciousness problem. Paragraphs Theory of Systems and Consciousness as an emergent property of life refer to the second “ontological” question.
2 Determinism vs Predictability
One of the most appealing features of OrchOR is that the results of the calculations implying quantum mechanics are not completely determined, so ultimately our actions would not be determined either and our perception of free will would not be illusory.

However, it is not necessary to resort to quantum mechanics to avoid abandoning the free will hypothesis. This has to be with the fact that non-predictability can arise even in situations where there is no indetermination.
2.1 Chaotic Systems
When Lorenz [LORENZ 63] first observed how slightly different initial conditions gave origin to completely diverging solutions in his weather prediction model (what was called the butterfly effect) we learned that having an accurate description of reality does not imply being able to predict its evolution accurately.
In the case of simple systems, in which the next estate is a linear function of the estate variables, some uncertainty on these variables –which cannot be perfectly measured- is translated into a proportional uncertainty about the outcome. However, in complex systems this relationship breaks off, giving origin to chaos and making prediction useless, as in Lorenz’s example.

It is reasonable to believe that the degree of complexity and non-linearity that a human brain can represent would mean that, even if we found the low level rules that regulate neural activity, we would not be able to anticipate what its next thought, its next experience, its next decision will be.

What is more, we often find examples of something that reminds superposition in our everyday experiences, as pointed out in [SCOTT 06] For instance, when we throw a coin and hide it in our hands, it remains as a “superpositioned” head and tails until we unveil the result.
Therefore, we can state that even though implying quantum mechanics is attractive from the point of view of free-will, it is not the only reason possible for rejecting a predictable consciousness: both sources of indeterminism should be considered together. The world of classic physics, with determinist rules, results in unpredictable consciousness. It is important to note that, although this unpredictability could seem absolutely chaotic in nature this is not necessarily the case once the self-organization properties of systems are taken into account, as commented later.
3 The third conception of reality
Even though the equations that governed Lorenz’s system were absolutely classical in the sense of determinist, the unpredictability implied is not classical at all. What is more, it set in motion a whole change of perspective in science.
In 1962, Thomas Kuhn, physician converted into historician of science, published in this work [KUHN 1962] that the acceptance of a new theory over another does not happen because it answered the questions that the former did not solve, or because it was simpler and retained the same explanatory power, or because it refuted its opponent with a crucial experiment.  Instead, a change of paradigm occurred, a new way of asking questions, of perceiving the problems. According to Kuhn, scientific revolutions are the result of non-cumulative episodes when the former paradigm is replaced by a new one which is incompatible with the old conceptions.

Ilya Prigogine, awarded the Nobel prize of Chemistry in 1977 for his contribution to Thermodynamics studying systems away from equilibrium, identified three different stages in scientific knowledge, three different ways of looking at the universe, three different ways of searching explanations. They constitute a very useful perspective when trying to tackle the problem of consciousness.
3.1 The first conception: the Analytic Method

The Scientific Method (evidence, analysis, synthesis and check) formulated by Decartes leaded to the splendour of the Newtonian physics.

The description of the world it offers is simplified and, more importantly, symmetrical with respect to time. In the equations describing a physics problem, time is not different to any other independent variable. Going backwards to calculate past estates is an absolutely equivalent problem to increasing time to find out future estates.  In Einstein’s words when expressing his sympathy to his friend Besso’s widow: “For us, convinced physicians, time is just an illusion”. 
This disregarding of the meaning of time and the simplification that was key to its impressive success had as a consequence the separation between pure sciences and the disciplines which could not be expressed in the same terms, such as biology or psychology, which are essential to address the problem of consciousness.
In addition, being able to calculate future estates by just “introducing the relevant value of time” in the equations of the Physics of Newton and Laplace implies that the future is already written. This Laplacian determinism leaves no room for free will.

On the one hand, we see that the first conception is not consistent with our experience of free will and, what is more, the problem of consciousness is not considered a “scientific problem” in the sense that it cannot be reduced to simple variables and mathematical relations between them. Therefore, this paradigm is not valid to address the problem of consciousness.
3.2 The second conception: the indetermination of quantum mechanics

When Heisenberg formulated the indetermination principle, the determinist paradigm stumbled.  It provided a way to escape from determination at the microscopic level.

This indetermination is not reflected at the quotidian-scale world in accordance to de Broglie’s wavelength. At the relatively warm temperatures and large scales we find in our lives as human beings, the corresponding wavelengths are so small that we cannot possibly experiment the effects of the dualism wave-particle. 

However, it could have implications in conciousness given some very special conditions achieved in the interior of some neurons as Penrose, Hammeroff and others have proposed, namely studying the tubulin quantum states in the OrchOR model. The properties of quantum mechanics (indetermination, superposition, non locality) makes it very attractive in order to explain the properties of consciousness. 
3.3 The third conception: a universe in construction where time is not only a variable
The third conception is set in motion from the assumption that the description of time as an ordinary independent variable is incorrect. Both the first and the second conceptions are unable to describe time in terms other than that.
However, in thermodynamics we do find an arrow of time which determines a steady increase in the total amount of entropy (decrease in the amount of order) of isolated systems. Therefore, thermodynamics was a starting point for the concept of irreversible time.
As we mentioned, Biological sciences are not suitable for Laplacian simplification. Paleontologists study the former living beings on Earth, but they are not able to predict how the current existing species will evolve under the effect of Natural Selection. Time has for Biology, as it has for history, a creative power. As Prigogine stated [PRIGOGINE 1986]: “In every phenomenon we observe we see the creative role of irreversible phenomena, the creative role of time”.

This idea of time and universe in continuous construction, as essential for the Sciences of Life, should necessarily be taken into account when studying consciousness.  
4 Conciousness and brain

As stated before, a model like OrchOR does not propose a satisfactory solution to the hard problem. What is more, it arises some uncomfortable questions as “What happens if the OrchOR happens somewhere else, like in neutron stars? Would they be conscious?” We can even find theories that consider the universe as a whole being conscious shortly after its creation – what has been called The Big Wow - [FIZZI 06]
It seems apparent that whatever definition we use, we need to be ready to find cases for consciousness outside an animal brain. However, a star being conscious or having a psychic subject – two equivalent formulations of the same question – is a somewhat weird idea. Why is it weird? Because the star is not alive? How to define life and what is its relation to consciousness is a question of major relevancy. In addition, the relation between life and brain, and consciousness and brain, should be studied too.
One problem that can set a starting point for the second question is the medical determination of the moment of death for humans. Bernat [BERNAT 84] distinguished between three different discussion levels that are often confused: a definition of death – a philosophical matter, the anatomical criteria specifying this definition and the clinical tests to determine the appearance of these anatomical criteria.
Although there is no absolute consensus, the anatomical criterion that has been widely used for the last thirty years has been the cease of activity in the brain. Dr Shewmon  has conducted extensive research on this issue [SHEWMON 01], motivated by his work certifying death of patients and approving organ extractions. His work defies the validity of the neocortical death concept, which states that the life functions of a body with a dead brain collapse imminently after the cease of cerebral activity. He has identified more than 170 recorded cases of patients surviving more than one week, some of them several years and even one has stayed like that from the last 15 years and is still alive. Some of them resisted infections and did not need to be interned at hospital. 
The empirical evidence collected by Dr. Shewmon leaded him to state that even if the brain of an individual could be able to perform any of its functions, the organism could survive, the life within that body could remain.

In addition, he studied cases of patients with very severe brain damage that could however perform some basic functions. Very interestingly, some of them were cases of hydroanencephalia, a rare illness that causes children to be born with no cerebral hemispheres, but an intact cerebellum. Dr. Shewmon defines them as “quite conscious”, distinguishing familiar places and people, showing emotional responses to music and even able to slide and avoid collision with objects – without anything similar to a visual cortex.  

Again, examining rare medical conditions can help us to put into context the complexity of the questions we are trying to address. Our model of brain, our model of consciousness has to abide the flexibility and the astonishing adaptation power than these cases show. 
5 Life and Consciousness

In the same way that there is no agreed medical criteria to determine the moment of death, there is not a consensus definition of life or a common story about how life originated on Earth.
Two different theories set the start of life as an auto-replicating DNA molecule or as an auto-catalytic system (a set of related chemicals that, in their inter-relation, can act as both catalysers and products of the reactions). The latest concept was introduced in 1971 by Kauffman, Eigen and Rossler, and is of the biggest significance as a bare DNA molecule is not able to reproduce itself if that reaction is not catalysed by the appropriate enzymes. Kauffman assumes that a living system arises when an auto-catalytic system reaches a certain complexity level that makes possible auto-maintenance and auto-replication in a plausible amount of time. Consistently, he defines “A living organism is a chemical system with the capacity to catalyse its own reproduction” [KAUFFMAN 93].
From the moment the first living being appeared, natural selection, alone or combined with more evolution principles, generated the complexity and diversity of the living forms we see today.

However, these complexity-generating mechanisms, as well as the auto-maintenance that prevents the system from decaying to equilibrium and dying, seem to avoid the Second Principle of Thermodynamics, which states that the entropy or disorder level of an isolated system must always increase. With living beings, rather the opposite is true. Ilya Prigogine studied this kind of systems extending the Second Principle to systems far from equilibrium that can only exist because of their interaction with the environment. Living beings consume energy from their environment in order to prevent their internal entropy from rising. They self-organise by dissipating energy, hence the term “dissipative systems”.

Kauffman takes the concept of self-organization as the essence of life, rather than the reproductive, nutrition and relation functions. However, he reduces his definition to the reproductive and nutrition functions when he states describes living beings in terms of autonomous agents, that is, something that can both reproduce itself and do at least one thermodynamic work cycle. However, there are reasons to believe that reproduction should not be taken as the key aspect of life. We see living beings which cannot reproduce and even sterile hybrids like mules or some individuals that just do not generate an offspring even if they are capable of doing so. 
If life can be defined in terms of self-organisation and growing complexity, it could be understood as the property of the system that gives it unity. To maintain and increase its complexity, the living system requires a mechanism of receiving and processing information.

The cybernetics of biological systems evolved through time, in increasing complexity. We can assume that at some point, the system which initially could have been composed of many fragmented parts and the calculation of local reflexes started a process of integration which would lead to adaptatively better co-ordinated responses. The appearance of this central processing unit can be viewed as the emergence of the physic subject.
The detailed mechanisms that supported this process on Earth could have been the appearance of tubulin-based cytoskeletons and the evolution of sets of neuron cells with a single function as in Edelman’s work [ EDELMAN 00].

However, as shown in Bernat’s studies, the existence of a physic subject is not indispensable for life, which can continue once the first one has disappeared. A physic subject is a cybernetic system which centralises the analysis of information coming from the environment and originates the integrated responses of a living system to the considered stimulus.
6 Theory of Systems
At the beginning of the XXth century, scientists like biologist Ludwig Von Bertanlanffy started an attempt to apply the scientific rigour to studying the common properties of systems as entities that are present in all disciplines and levels of reality. It was born as an attempt to overcome the abstraction that physics operates under, isolating properties of reality and aspects of phenomena.

Systems are more than the mere addition of their parts (a language is more sum of words, a symphony is not a juxtaposition of sounds), because of the existence of emergent properties.

Emergent properties, as defined by Morgan [MORGAN 25] are characterised by unpredictability, irreducibility and novelty. The unpredictability and novelty is what makes them unexpected even if we know perfectly the parts. Irreducibility makes it not describable in terms of the lower level entities.

In addition, it seems to me that emergency can appear as unity, which is related to irreducibility, or as contradiction, which is related to novelty.
Unity makes a whole of the notes of the symphony, of the words of the language. It is also what makes a whole of a human body turning it into a living being. Life is an emergent property of unity.

By contradiction I mean preventing the rules which governed the lower levels to be applicable in the higher ones. For example, dust in water will eventually sediment. Bacteria in water might move towards aliment which can possible mean upwards. They can do something different to what simpler beings do.

From the third conception and thermodynamics, it is followed that every organised system tends to disorganisation as entropy increases, to the thermal death. Nevertheless, that is not true for all systems: biological systems escape to that fate by dissipating energy they get from the exterior, auto-organising themselves creating more and more complex structures. From this point of view, life is also an emerging property of contradiction.
7 Consciousness as an emergent property of life
Consciousness is a unity-emergent property of life in the sense that it makes a whole of the information received by the individual (qualia), its processing (thought) and output (decisions). 
It is also a contradiction-emergent property in the sense that it can result in lower level behavioural rules being disregarded (even though a bacteria will feed if there is aliment surrounding it, a dog can stop eating if it misses its owner). Freedom appears in this contradiction interpretation, overlapping with the indetermination coming from non-linearity, chaos and quantum physics. However, now there is a difference between non-determination and free-will. 
Samuel Alexander [ALEXANDER 20] proposed a pyramid of emergentism: space/time, matter, life, ideals and, at the very top, god.

I propose a slightly different one, which turns into a net when complexity increases, with branches that split faster and faster (as when chaos appears): space/time, matter, life (metabolism, relation, reproduction, evolution), consciousness (freedom, qualia, categories) and, even higher: responsibility, moral, society, science, art, language… 
8 Conclusions
Any theory should be consistent with our personal experience of consciousness and free-will and tackle two different sides of the problem: the nature of the psychic subject and its physical support.

OrchOR provides with an interesting framework for the study of the physical support of consciousness. It could, by means of the indetermination of quantum mechanics, avoid determinism as necessary for free-will. In addition, quantum entanglement is a very attractive quality when considering the unity of the conscious experience. However, quantum mechanics are not sufficient to explain the physical substrate of subjectivity in its own. Quantum indetermination is not the only one that we find in nature. Complex non-linear systems (as the human brain) are also unpredictable. Moreover, the role that quantum mechanics awards to time as a mere independent variable is not compatible with the different dynamics of complex systems. Therefore, not only classic and quantum physics should be regarded as instruments for the study: the theory of Dynamic Systems should come into play as a key element.
The relationship between life and consciousness is a question of major relevancy.  If life can be defined as auto-organization and a unity principle in complex chemical systems, consciousness can be understood as emergent unity in the information processing system of the living being. There is medical evidence that life can continue in individuals whose physic subject has disappeared, consciousness is not necessary for life but the ability to generate co-ordinated responses results in a better adaptation to the environment. As an emergent level of complexity, it is characterised by creating a single entity out of disperse physical elements and by creating an additional possibility of contradiction in the decision taken compared to the individual responses that would have resulted from each different decision factor or stimulus considered individually.
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