Theoretical construct 

A descriptive mathematical model that can map the transformation of information as it is exchanged between various components of the interactive human-computer interface system is presented below.  This model, which generalizes phenomenological aspects, has a notational system which exploits interdisciplinary interaction and a languaging system which can classify emerging observations.  

Neurocosmology can be described as an anthroscopic epistemology which is biased by neural systems.  Neurocosmology is a member of the expression space and you define it with perceptual parameters.    A notational system has been derived which represents the flow of information between the environment and the neurally mediated experience of consciousness. This formal descriptive notational system will enable the creation of "most probable maps" of information flow between humans and their environment.
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The whole universe of discourse will be characterized by the term "E-space" (expression space).  To discuss the exchange of information in the context of neurocosmology it is necessary to be in the E-space universe.
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A set can be defined --Expression space is characterizable.
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Definition: ANY expressible information is in Expression space



	An expression of any experiencable information is a member of E-space

ANY  state of information which is experienced and expressed.
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The minimum element of resolution is the existence/experience of a difference.

To have a non-zero information content a noticeable difference with non-zero significance needs to occur.

	The minimum element of information is a significant difference.
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IT is a difference between ANY 1 and ANY other

IT is the information trajectory which  relates ANY state of information

IT is an expression space state path




It should be noted that the following formalisms will be loosely followed: 1) Set theory, where membership to a given set is determined by some formal means; and 2) Graph theory, where the position and relationships are determined by intrinsic values.  Given the dynamic nature of physio-informatic systems, a more general system of states and operators will be pervasive.

In the course of systematic reflection upon those fundamental essences, which appear to be ontologically distinct primary percepts, one may construct a sound and verifiable epistemology with a triad of categorical types.  That is, if one is to distinguish the entirety of perceptible reality as perceived into categories which are characterized phenomenologically, rather than by the material constituents with which they are constructed, one finds that there are three principle realms which may act in concert and in various combinations to account for the whole.  These three categories are Experiential ("mind"), Biophysical ("life") and the Physical ("matter") (Figure 1).

Figure 1. Three principle realms of the E-space



Consider a complex system that has as its primary components three fundamentally distinct sets of parameter values, or three "state spaces".  A state space is a set whose members are defined by an n-tuple of values which correspond to the parameter values of the system.  We may define one set as a set of all parameter values of a computational system.  Another set is a set of directly measurable parameter values of a physiologic system.  The third set is a set of parameter values which are directly experienced by a conscious human.  Each set is distinguishable from the other in that the computational system and the physiological system are physically separable and the physiological and perceptual state spaces are phenomenological.  It is acknowledged that the basis of perceptual experience is most probably supported by a specific set of physiologically distinct systems.  It is beyond the scope of this dissertation (and frankly unnecessary) to develop a robust explanation or model for the specifically and/or physically distinguishable aspects of conscious experience (the mind) and assumed neural matrix (the body) that is thought to at least co-occur with those conscious experiences.  Suffice it to say that a user in the context of an experiential interaction with information does not routinely confuse the two. 

	Expression-space  [image: image4.jpg]


 (E-space) This is the whole universe of discourse.  To discuss the exchange of information in the context of neuro-cosmology it is necessary to be in the E-space universe.
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	Mind subspace 
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This is the subspace of E-space which contains all the information states directly perceived by the mind.  An instance of conscious self perception requires Mind-space.  This is the realm of perceived thoughts and ideas.  While there is no known limits to the level of complexity which can be obtained by mind-space information space, a certain level of structure is assumed to exist and as such would limit it.
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C-term [] C-term is the mind-space operator.  C-term is the operation which changes one mind-state to another.  There is an implication of conscious attention in a C-term operation.  When one instance of conscious perception intentionally and willfully affects the generation of a specific type of mind-state then this is considered a C-term operation

	Biological subspace [image: image8.jpg]


 This is the subspace of E-space which contains all the information states which are directly associated with biological processes.  This real would include all the bio-physical (physiological) phenomena that is associated with life--sustaining functions and the functions which transpose, convert and or transduce information between the physical and mental realm.
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B-term [] B-term is the generic bio-subspace operator.  B-term changes information states which are directly linked to the biological  / physiologic information processing functions.  Any process which is achieved by a living organism is a B-term type function.  

	Space-time [image: image10.jpg]


 This is the subspace of E-space which contains all the information about the physical universe except that which is directly related to biological processes.
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Z-term [] Z term is a generic space-time operator.  This is a function which accounts for all the physical (non-biological) changes in information states in the physical subspace.  Z-term functions are those which the physicists and other physical scientists study.  They are things like electricity, magnetism, gravity, thermal dynamics, etc.  In general, anything with just physical properties is a Z-term function.


Now with these terms in mind the next step is to specify the format or syntax of a valid expression in Neurocosmology notation.  The general form of a neurocosmology expression is in the form of a commutativity diagram, and it looks something like this:   
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All instances of information from the physical subspace to mind subspace will be in this form, where PHI is the object as it exists in space-time, and Z-term is the information of the object being transmitted through physical substance via light, sound, smell, etc.  PHX is in this instance the composite of all the intermediate biologic information state spaces necessary for information transduction (sensation).  This was comprised of stimuli, transmission of sensory output and neurological processing and coding in the brain.  B-term is the process of sending the final product of sensation to the mind for the purpose of perception.  It is an axiom of neurocosmology that this expression in the form presented above is a necessary and sufficient condition in order for an instance of perceptual experience  to have an information content assimilated from an external object that exists in the space-time realm (there is a world external to our senses).  All the information we have about the outside world was obtained in this way. 

It may be easier to use the following approximation when applying Neurocosmology:

•
PSI = the self perceiving mind; perceptual space; contents of awareness.

•
PHX = the living body; biological space; what chemistry refers to as "organic" and all things related to it.

•
PHI = objective, material, space-time reality; physical; what physics refers to as space, time, mass, energy.

Thus ANY information that can come into being is one of these categories or combinations of the categories. 

The following is a list of all the major state-operator-state expressions required to map information flow through the physio-informatic system (Figure 2).

[image: image13.jpg]F o

Gty Yiby pith g
b tod oibr ¢ilby




Figure 2. State-Operator-State Expressions for mapping information flow.

Neurocosmology states that perceptual states are basically a result of brain states (Figure 3).


Figure 3.Perceptual states arise from brain states.

  However, the state of perception at any given time is specified and categorized as PSI state, because when perceiving a uniform, coherent perception at ANY given time, an instant of perception is all we ever have.  Information coming from the outside, causing neural structures to fire on the sensory cortex, is sensation.  The brain correlates that sensation with all its other relevant internal functioning and all layers of psychosocial elements and the gestalt of all brain function in consciousness equals perception.

ANY contains a subspace of possible expressions; everything I could possibly perceive is herein contained.  Rather than matter and energy we're referring to perceptual state-space. The perceptual state is always related to some biologically parameterized state of the brain. The term for these biologically parameterized states of the brain is PHX, referring to all those entities and processes discussed within the life sciences.  
Suppose PSI wishes to perform an action in the outside world.  By means of a cognitive operator, PSI initiates the required parameters of PHX via a biological operator, to perform this action:  throw a ball, for example.  This is a PSI to PHX information transection resulting in a PHI operation: the ball flying.  So, information from the PSI subspace transferred information (via these various operators) to the PHX subspace which in turn transferred information to the PHI subspace.  The principle which derives from this dynamic is that whenever a PSI subspace has influenced a PHI subspace some PHX subspace has mediated the transfer of information (Figure 4). 


Figure 4. PHX mediated information transfer.







Figure 5. KHI: A PSI-PHX-PHI rendered state.

The above figure (Figure 5) is an illustration of KHI; a state of PHI whose form can only be accounted for by positing the willful action of PSI via PHX acting on unaltered PHI.
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The above diagram is the biocybernetic loop.  It illustrates in a very complete way all the elements of how a human interacts with a computer.  If there is a mind, then no matter what the particulars of a disability or restriction, we should be able to find a way to interface that mind with a communications technology.

An earlier representation of this process was illustrated in the following diagram (Figure 6).
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Figure 6. Diagram of the cognitive cybernetic feedback loop.

Within the notational system described, the necessary and sufficient conditions for mapping information flow through the physio-informatic system is covered by the following:

•
A Mind (symbol:  PSI) as the beginning of all expression and the end of all perception; the foundation of the whole process. 

•
An Organism/Life (symbol:  PHX) system facilitating that perception and expression via sensory and motor actions biological/physiological factors). 

•
An Interface system which is a two-fold element.  An example of a very high level technology which applies this thinking is "Bot Masters" human-robotics interface system (www.pulsar.org)

•
Expressional system (symbol:  SNS) by which some mechanism senses and/or captures some motor action as input from the human (e.g., a mouse click, facial movement). 

•
Perception system (symbol:  SKY) by which some mechanism renders the results of the expression back to the human (e.g., screen, audio screen reader for the blind, etc.) 

•
SKY:  that product of KHI having been manipulated by PSI so as to change PSI. 

•
Synectic notational languaging structure in which we have a generic metaphoric ability to talk about anything; its goal is to is to allow you to linguistically navigate to any far reaching PSI space that you wish to explore. 

Now that we have come so far, we can move into a higher state of abstraction connecting more information.  

For example, sensory physiology is talking about the PHX specific state spaces which are involved in transducing and transmitting information to the central nervous system, which is part of the PHX system.  The following three fundamental state spaces are required to describe the complete system:

•
Information that is described by the state of an external computational system.

•
Information that is described by a the state of a physiologic system.

•
Information that is described by the state of perceptible components of a conscious experience.

Each of these systems can be considered to be a fundamental source of information.  It is also presumed that there is an ordered flow of information between these three fundamental state spaces.  As information is exchanged between these state spaces there are direction-specific boundary-crossing transfer functions which restrict, bias, interfere and/or otherwise constrain and restrain the functions' capacity and fidelity.  From the perspective of the physiologic system there is information exchange with a persistent external information system and an emergent internal information system.  Therefore it is considered a basic tenant for this model that the body (comprised of all its information processing physiologic systems) mediates the exchange of information between the computer and conscious experience.  This at first glance may seem somewhat obvious to the casual observer.  However, it is this physiologic mediation of information (with all of its specific processes) which is the basis for the development of this reference architecture for developing and optimizing interactive human computer interface systems.

Simply put, the three coupled state spaces of the interactive human computer interface system being proposed may be described (from the perspective of a human user) as being comprised of an external computational system, the imperceptible physiologic processes which mediate the exchange of information with that system, and conscious experience and the perceptual qualities of experienced information:

•
Information, which is externally generated -- PHI (Physics)

•
Information, which is biologically/physiologically mediated -- PHX (Life)

•
Information, which is directly experienced -- PSI (Mind ; perception and intention of expression)
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