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Abstract

This paper will introduce a new concept to explain the nature of consciousness. The new concept: TRANS = Thought by Repetitive Activation of Neural Sequence implies that there is a difference between discussing how the brain works and discussing what consciousness is. It is hypothesized that the brain can operate in two distinctly different modes: 

1. One where it processes data and responds to a stimulus.

2. One where the brain acts as a self running generator producing consciousness.

The TRANS theory assumes that there is a primary generator loop which uses the reentry paths between Thalamus and Cortex. This loop cannot easily be detected, but it is shown how it can be detected indirectly from a spectrum of neural activity in secondary neurons connected to the primary generator loop.
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1. INTRODUCTION

Despite an enormous amount of data from brain research, it has not yet been possible to answer the “hard” question (David Chalmers) about consciousness: 

WHAT IS CONSCIOUSNESS?

A lot of researchers have come very close by pointing at different aspects such as REENTRY in the thalamocortical system (Edelman) or OSCILLATIONS in the cerebral cortex (Crick and Koch) and (Llinás et al) but none of them are able to explain why we feel conscious when we do.

I have been listening to the discussion for a while and concluded what in my view is the answer. It has been formulated in the concept called TRANS.

The theory was first discussed at the Niels Bohr Institute in Copenhagen in Oct. 2001 and the initial reaction among brain specialists was excitement.

An explanation to the “hard” question need to be found at a different level than just listing which brain functions are active. Being conscious is something different from being able to process stimuli and deliver responses. 

2. THOUGHT BY REPETITIVE ACTIVATION OF NEURAL SEQUENCE

I see the solution from a different angle than most researchers. Coming from a background as an electronic engineer, I am familiar with a phenomenon which may contain the solution.

The feeling of consciousness is a very personal feeling. It feels like something which is being created inside the head. In stead of created one could also say generated. When something is generated, there has to be a generator.

What could be the generator inside the head?

Most people look upon the brain as a web of interconnected neurons – which is true. One could also look upon the brain as a biochemical generator with the potential to convert biochemical energy into neural activity.
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All neurons are in a state where they are ready to fire when the conditions are right. Neurons are equipped with inhibitory controls as well as excitatory controls. This way neurons can perform as amplifiers. An input signal can be amplified or dampened so that it may or may not be powerful enough to make the neuron fire.

The new theory: Thought by Repetitive Activation of Neural Sequence differs from other explanations by assuming that the brain can enter a state where it is a generator, not just an amplifier or a computer. 

An analogy could be found in an audio system consisting of a microphone, an amplifier and a loudspeaker. During normal operation, the amplifier will process the signals from the microphone in a well controlled manner and deliver an amplified signal to the loudspeaker. Nobody will notice the audio system. It is “invisible” when it works properly.

The sound from the loudspeaker is dampened when it propagates through the room and is reflected from the walls. Part of the sound is measured by the microphone and amplified and again fed to the loudspeaker. 

This setup contains a loop with a certain amplification factor, which depends on the combination of:

· the quality of the microphone, 

· the amplification of the amplifier,  

· the quality of the loudspeaker and 

· the damping characteristics of the room. 

If this amplification factor is below 1 at all frequencies, the situation is stable and the system works fine. The sound to the microphone is amplified and fed to the loudspeakers so that many people can hear the speaker.

If however the amplification factor at just one frequency is greater than 1, the system becomes unstable. It turns into a generator making an awful loud sound which has very little to do with the speakers words. 

The generator makes a sound, which reflects the situation in the room. Many factors define the resulting sound:

· The directional pattern of the microphone 

· The frequency characteristics of the microphone

· The position of the microphone

· The quality of the amplifier

· The quality of the loudspeaker

· The position of the loudspeaker

· The shape of the room

· The size of the room

· The damping of the walls

· The presence of people in the room

· Other factors

The sound generated this way tells a story about all the involved factors at the time of generation
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3. THE BRAIN AS A GENERATOR

In a similar way the network of interconnected neurons in the brain can work as a generator if there exist one or more loops where the “amplification factor” is greater than 1.

What I see as the explanation for the feeling of consciousness is that the brain produces oscillations in loops of neurons covering certain areas in the brain. 

A loop containing both Thalamus and Cortex seem to be the best candidate for conscious thought.
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The “generator-loop” is seen as the neural correlate of consciousness (NCC). This will explain why a conscious state contains both a conceptual part (the color red) placed in the cortex and an emotional part (the redness of red) placed deeper in the brain. 

The generator loop contains both aspects of red.

This explanation is fundamentally different from an explanation describing some of the many computational tasks being performed within the brain. 

The consciousness is not a computing task. The consciousness is the result of the active generator producing neural activity in a loop of interconnected neurons.
The loop is activated by some external or internal impulses. It could be visual stimulation or it could be a previous thought.

Neurons are influenced by inhibitory and excitatory inputs. They are also influenced by diffuse neuromodulators  through “value systems” (Edelman). Together they define an activation level. If this level exceeds a threshold and the neuron has had time to recover from last firing (the absolute refractory period) the neuron can fire. 

The figure shows how a neuron fires if the activation threshold is reached (A). When the pulse has passed one or more neurons in the loop it returns to the first neuron and as long as the deactivation threshold for the first neuron has not been reached at the time of pulse arrival, the neuron will fire again. At (B) the deactivation threshold was reached, but not at the time of an arriving pulse. At (C) the loop stops generating because the deactivation threshold was reached at the arrival time of the pulse. 
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An extremely simplified model of this generator is shown in the program: TRANS.EXE which can be found at the address: www.idea.dk/trans.exe
Once you have downloaded the program you click on the ACTIVATE BRAIN button and observe what happens. The counter called TEST STATUS counts till 100% and then the program stops. It can be reactivated by clicking on the button again. Another button will be available when the program has stopped. If you click on it, you will be able to read about the background for the program.

4. ANALOG VS. DIGITAL

The audio system is an analog system. The voltage levels can have a continuous range of values. In a digital system, only 2 values are allowed: 0 or 1. Normally, digital systems are designed so that it is impossible to have positive feedback loops except for clock frequency oscillators. If a computer program enters into an eternal loop, all you can do is to turn off the power to the computer. The loop is unproductive and much is done to prevent this from happening. 

The brain is a mixture of analog and digital circuits. The neuron is digital in its core functions, but the inhibitory/excitatory functions of the synapses must be considered as being mostly analog. Most brain processes are unconscious and are performed just like a perfect computer. A stimulus is followed by a response which normally doesn’t require that the person is consciousness.

Normally a positive feedback loop in an audio system is a highly destructive event. How could a similar event in the brain relate to something as wonderful as consciousness?

Actually it has been shown that it is possible to use a positive feedback loop in an audio system as a new way of producing music (Jimi Hendricks). I will not categorize this music as being beautiful, but certainly full of character.
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Original measurement by Llinas (1998) page 1846
fig. 5a and 5b.

Quote:
Spontancous magnetic activity was recorded continu-
ously during wakefulness, slow-wave sleep and REM
sleep by using a 37-channel sensor array positioned as
shown in figure 5a. Because Fourier analysis of the spon-
tancous, broadly filtered rhythmicity (1-200 Hz) demon-
strated a large peak of activity at 40 Hz over much of the
cortex, we decided that it was permissible to filter the
data at gamma-band frequency (35-45Hz). Large
coherent signals with a very high signal-to-noise ratio
were typically recorded from all 37 sensors as shown in
figure 5b for a single 0.6s epoch of global spontancous
oscillations in an awake individual.
Unquote



Most importantly the digital nature of the neuron will limit the amplitudes of the activity unlike the audio system where the limitation will be made by destructive distortions of the analog signals when they become too loud.

4. CAN A POSITIVE FEEDBACK LOOP TAKE PLACE IN THE BRAIN?
Yes, if the conditions are right. A neural pulse traveling from neuron to neuron can get back to its origin and initiate a new pulse if the travel time is longer than the absolute refractory period (typically 2 msec). The propagation speed along a neuron is in the order of magnitude of 50 m/sec. Every synapsis has a delay of about 1 msec. The shortest loop with a delay of 2 msec. is 50 mm long if the propagation speed is 50 mm/msec. and 1 synapse is included as a minimum. 

Such a loop would be able to oscillate at a maximum frequency of 1000/(1 + 1 + 1) Hz = 333 Hz. Most EEG measurements wouldn’t notice this oscillation since the EEG normally include a filtering only allowing frequencies below 40 Hz (because of possible interference from the mains supply frequency of 50/60 Hz).

Potential loops can exist many places in the brain. Whether they are becoming active and producing neural pulse trains depends on the total situation along the neural path. It is well known that so called value systems (Edelman) are able to enhance the ability to fire among a group of neurons anywhere in the cortex. A stimulus from outside or from the brain itself will put focus on certain areas of the brain and the chances of getting involved in a loop will increase. 

It is probably possible for several areas to be in focus at the same time if they do not belong to the same category. It may not be possible to focus on apples and oranges simultaneously but it may be OK to focus on apples and red at the same time.
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If the neurons start firing, the focus will increase and make sure that the loop is maintained for some time. The attention will fade away when value system has been accustomed to the loop and the loop may stop generating neural activity on its own. These focus areas can be strengthened by the emerging thought itself so that the loop will stabilize itself for a period. 

This self stabilizing effect is also known from electronic circuits where the so called Smidt trigger circuits contain an amount of hysteresis. It means that once a circuit has changed its output state, it will have great difficulties going back. It becomes “sticky”.

5. BASICS OF THE TRANS THEORY

According to the TRANS theory,  a conscious thought is the result of a loop of neurons generating neural activity by means of positive feedback.
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The consciousness is not present from the beginning of the loop firing. It will take some time before the consciousness emerges from the loop activity. This effect is known from experiments with sounds. If you listen to a single cycle of a sine wave, it will not sound as a tone even if the frequency seems well defined. It will sound as a click. If the sound is expanded to contain several cycles, a tone will sound.

The important findings of Libet may be explained by this effect. It was shown that the consciousness of an already initiated action first appears a few hundred milliseconds after the decision was taken. According to the TRANS theory it seems natural that the loop has to manifest itself before becoming a conscious thought.

Which areas will be used by the loop will depend on the total situation, external as well as internal. The loop may be initiated by external stimuli but can continue on its own for some time. When the loop has been firing for some time, the total situation may have changed so that the loop cannot be maintained. 

Neurons can become “tired” so that the loop amplification gradually drops below 1 which means that the loop cannot continue. Restoration of transmitter substances requires increased blood flow to the area and this also sets limits to the activity level.

The loop will activate a number of neural areas along the path. It will not be a line of isolated neurons, but a more fuzzy situation. This is what has been called the penumbra (Crick). The fuzziness of the activation will allow for initiation of new loops in a continuous process. Part of the old loop may continue for a while so that the situation can become highly volatile and still maintain an amount of continuity.

Another interesting aspect relates to associations. When you have said A more focus is automatically put on the area corresponding to B because we have learned that B comes just after A. Consequently the loop has a higher probability of moving to include B next than to moving to Q or S or ..

6. DISCUSSION
One possible geometry for the loop may be using the reentry paths (Edelman) between Thalamus and Cortex. They are long enough to satisfy the 50 mm length criterion caused by the absolute refractory period for neurons. This may be part of the explanation why only large animals seem to be conscious. It requires a certain physical size of the brain to have enough delay along a reentry path to overcome the refractory period. 

Some animals (Chimpanzees, Dolphins etc.) have large enough brains to make consciousness possible, but the lack of language makes it difficult for them to make use of this potential. Parrots have the potential for expressing a language but not the brain size needed for consciousness.

If several neurons are part of the loop, the loop delay can easily become large enough to allow the first neuron to be ready to fire again (after the absolute refractory period). This would allow for very complex loop patterns but would probably also require that the attention created by the value system (Edelman) should include all the neurons in the complex loop.

A more simple primary generator loop may actually be a better starting point for the development of complex consciousness. An analogy could be made to the transition from spoken language to written language. Spoken language consists of a lot of complex words but written language is made up from combinations of a few simple elements (the alphabet). This simplification opened up for a huge expansion of the communication between people. The same can be said about the digital revolution. Simplifying numbers down to binary numbers made it possible to start the development of computers. These analogies may indicate that it is a good idea to use a simple generator loop as the basis for consciousness since it facilitates very complex superstructures of consciousness.

The activation of the loop can be initiated from external inputs, but it can also be initiated by a previous thought so that one loop dies out while a new one appears. This new loop could contain a part of the previous loop so that one thought makes the person associate to another. 

Creativity may depend on the ability to make the loops jump to unexpected new positions. This may be easier if the focus created by the value system is relaxed as it will probably happen during meditation or relaxation. A diffuse focus and limited external input (eyes closed) may increase the chances for new innovative thoughts. Especially productive is a relaxation period just after intense work with a difficult problem.

One can imagine a situation where one loop dies out but initiates another which initiates a third and so on. If this chain of thoughts make a hyper loop (a loop of loops) the situation could account for the phenomenon of being trapped in a ring of thoughts. The first loop gets time to recover, so it will be activated when a loop in the hyper loop initiates the first loop again.

7. WHY HASEN’T THE GENERATOR LOOP BEEN DISCOVERED ALREADY?

Although the “generator loops” according to the TRANS theory are very important, they may be very difficult to detect.

Their frequency may be significantly higher than what is normally measured by an EEG. A frequency of 250 Hz produced in a generator loop will often be filtered away since an EEG often uses a lowpass filter only allowing frequencies below 50 Hz (in order to avoid hum from the mains supply).

Another important factor is, that the generator loop is connected to many other neurons. This is what has been called the penumbra (Crick). These neurons may not be included in the focus area defined by the value system (Edelmann). This means that they will not fire every time the generator loop fires. They need a more powerful stimulation. Since neurons have the ability to make a temporal summation, the connected neurons might fire after having received 4 or 5 or more impulses from the generator loop.
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This in effect will divide the frequency of firing from the original generator loop to the connected neurons. They will appear as if they are generating a burst of neural pulses at a relatively low frequency (typically around 40 Hz) and synchronized over a large area.
Since the number of connected neurons can be very large it is much more likely to discover the “divided” frequency from the many connected neurons than the high frequency of firing from just one generator loop. The generator loop is also hard to measure, since the activity will only last for a short period. 

8. HOW CAN THE TRANS THEORY BE VERIFIED?
The generator loop is very difficult to identify since it is temporary and very local. It may be possible however to identify it indirectly by measuring the secondary effects. If a generator loop is active in a period, the secondary effect could be a burst of synchronized neural activity covering a larger area.

Furthermore the temporary summation may result in frequency division with different factors so that a primary generator loop firing at 200 Hz will result in secondary bursts of neural activity with frequencies of 200/5 = 40 Hz and 200/4 = 50 Hz.

EEG signals from the generator loop will be very difficult to measure, since they originate from only a few closely spaced neurons. The depolarisation of a few neurons in a fast rhythm (typically 200 Hz) will be hidden behind the simultaneously depolarisation of a lot of other neurons (some of which may be secondary to the generator loop). EEG and MEG (MagnetoEncephaloGraphy) signals are a sum of a huge number of active neurons. It tells very little about the individual neuron.

It might however be possible to detect the generator loop by analyzing the secondary activity and specifically look for several low frequencies being divided down from a common high frequency. 

The most convincing proof would be if it was possible to get access directly to the neuron(s) in the generator loop. The size on a neuron compared with the huge number of possible neurons makes this approach very difficult. It might be easier to select one neuron and then try to evoke a conscious state which will involve this neuron. It is easier for the person to change conscious subject than to change electrodes. 

9. INDICATIONS IN SUPPORT OF THE TRANS THEORY

Experimental data from Llinás et al. (1998) page 1846 fig. 5a and 5b indicate 40 Hz coherent oscillation measured during wakefulness, using MEG at 37 positions. The measurements were recorded after a Fourier analysis between 1 and 200 Hz.
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This coherence over a large area can be explained in the TRANS theory. The secondary neurons are all being activated by the same primary generator loop. This means that their phases are locked to the phase of the primary generator loop.

It has also been reported that there seem to be a 12.5 millisecond phase shift between the signals from the rostral and the caudal poles of the brain. This phase shift can be explained if one assumes that the 40 Hz activity is not the primary loop but is created through temporary summation of neural activity from a 80 Hz primary generator loop with a frequency division factor of 2. This division can be performed in 2 different ways and the difference will be a phase shift of exactly 12.5 msec (1sec/80). 

The 80 Hz signal is not easily detected. It may be much weaker than the secondary neuron signals because the number of secondary neurons are far greater than the number of neurons in the primary generator loop.

10. CONCLUSION

The TRANS theory seems to have the potential to offer a frame for understanding the “hard question of consciousness”. Its most significant contribution is the clear separation between 2 functional modes: Computer mode and Generator mode.

This is a surprisingly simple explanation but it is not in conflict with most of the knowledge already present in the field. It adds the necessary new twist to the problem, which suddenly makes everything fit nicely together.

The TRANS theory can include some of the existing theories regarding consciousness. The reentry principle (Edelman) is also important in the TRANS theory.

The 40 Hz oscillations (Crick) may be seen as a secondary effect of the primary loop.

The snapshot element in “A Framework for Consciousness” (Crick) includes  a positive feedback loop as a possible explanation.

The 40 Hz activity measured by Llinás et al. (1998) using MEG, can be explained using the fast primary generator loop suggested by the TRANS theory. It has been shown that activation of the secondary neurons through temporary summation can explain the 40 Hz coherent oscillations and its associated phase shift measured by Llinás.

The principle called “Occam’s razor” says that if you have more theories explaining your observed data, you should always choose the simplest theory since it is most likely to be true. I think the TRANS theory is simple enough to fulfill this requirement.

I hope to have clarified how I see the explanation on the “hard” question of consciousness.

I am not able to experimentally prove this theory but I hope somebody else will feel inspired to continue where I have to stop. I am very interested in a collaboration.
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