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Abstract:
A theory is suggested to explain practical (not artistic) creative thought and consciousness – showing how brain structure and neural signaling can lead to the occurrence of new concepts or ideas in the mind - through a combinatorial process based on memory elements and perceptions.  A certain psychological readiness is a precondition.  Focus retention and the analog parameter of neural firing rate conditioned by valuation are important physiological elements.  Different types and levels of creativity are discussed, as is creativity improvement.  
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Summary:
Part I:
This essay discusses brain processes on a neural signal level as they occur in practical (not artistic) creative thought.  Derived from the basic functions of neurons and the structure of the brain, the functioning of creative thought and consciousness is explained and presented in detail: 

--
The neural interconnections in long-term memory are recognized to account for associative memory activation.

--
There is a need to explain the path selection in the sequencing of thoughts and the selective acceptance of thoughts into short-term, active memory.  This can be explained by the effect of an analog, quantitative parameter ("value") of neural signaling, such as the firing rate of neurons, and by the observed combinations of activating and inhibiting synaptic connections. The strength of synaptic connections and, mainly, connections to the Amygdala and other parts of the Limbic System must also be considered.

--
Awareness and consciousness can be explained by short-term and long-term memories of thought and by the selective acceptance of new thought in memory.

--
Focused thought is an important aspect of creative thought.  Focusing can be explained by back-referencing of later thought phases to initial, memorized focus thoughts under associated "value"-signal considerations. This also leads to the important explanation of delayed idea appearance at times much later than focus establishment.

--
Two mechanisms explain the sudden, delayed appearance of ideas:


-
quantitative parameter ("value") peaks in subconscious thought


-
cross-connections in associative thought sequences.  

--
Pattern recognition is explained by cross-connection of associations and, more likely, by commonality of image element recognizing cells leading to recall of images in memory.

The above components are necessary and sufficient for the explanation of practical creative thought processes on the level as discussed in this essay.

Part II:
This part of the essay discusses special aspects of creative thought:

--
Speech and language in relation to thought

--
Discontinuities of thought based on interruption by sensory input

--
Different types and qualitative levels of creativity

--
The importance of left-sided (of the brain) and right-sided thought for creativity

--
The influence of attitude on creative thought.

Part III:
In this part, practical applications of the presented understanding of creative thought are discussed:  for creativity training, improvement of working conditions, and better team configurations for increased creativity.

More important, the coherence of creative thought is discussed leading to a theory of thought evolution similar to biological evolution.  Interesting and important philosophical implications result from that. 

The final discussion relates to limits of utility for creative thought in various settings.

Part I: The Progression of Creative Thought:
1.1. The significance of creative thought

Mankind would never have risen above animal life without the improvement of tools, the invention of fire-making techniques, and many other innovations.  Not biological evolution, but creative thought (and training) has facilitated mankind's spectacular progress from cave-dwelling times on.  Modern life is not only based on technical innovation, but also on improved forms of organizational cooperation and government, some being related to ideological concepts and objectives (as freedom, justice, and social assistance).  

The individual human being - if self-reliant, modern, with some means and leisure time - often  finds fulfillment of life in the creative usage of his mental resources.  A less affluent individual could use creative thought to arrive at more affluence.  

Daily life, with its innumerable needs, options, predicaments, and decisions, is a challenge for everybody to use creative thought.  

1.2.  What is creative thought? 
In its widest interpretation, "thought" can be defined as the nerval brain activities in the form of nerval signaling between sensory, biochemical, or physical inputs and action related nerval signal outputs (generation of speech included).  Such nerval outputs may be direct and simple responses to sensory inputs (reflexes) or self-generated by internal brain processes. Delineation of the concept "thought" is not clear. Is brain activity during non-REM sleep also thought? Is memory fixation during sleep (short to medium to long-term) also thought? Is basic memory recall (as in counting) thought? Is a reflex thought? Are biological drives thought? But basic biological drives do initiate and influence thought.

"Creative thought" consists of brain processes or nerval signaling configurations that clearly are beyond a basic reflex or basic memory recall in consequence of a stimulating request.  Creative thought results in self-generated (not merely “learned”) new or more complex associative nerval connections.  For example, 
Question:  "What is the first number?"


Basic memory recall: "One"


After some thought: "Zero"


Comment:
"This cannot be.  Zero was invented only in the Middle Ages somewhere in India"


Comment:
"Then, we do not know what the first number was.  The first culture was Sumerian, and we do not know the names of their numbers."


Comment:
"The first number was either "infinite" or "2".  As long as there was only "1”, it was not a number but an indefinite article." 

The term "creative thought" is used extensively in connection with progress in scientific research and industrial activities.  This article refers only to such practical creativity.  Creativity in the arts, specifically is not discussed in this article.  Some creative thought, as in higher level mathematics and software generation, may include a gray-zone between practical creativity and aesthetics as reported by many mathematicians and programmers.  And where should one find philosophical thought?    

In research, creative thought is needed to define problems, devise experiments and the necessary equipment, arrive at conclusions from the experiments' results, and conceive new theories.  In industry, creative thought shall bring new or better products, methods to finance, produce and market them, recognition of new markets, and ideas for proper organization of the industrial effort.  There can be a dimension of new concepts (static) and one of new strategies (dynamic sequences).

Pattern recognition and proper timing are additional, important aspects of practical creative thought.

Creative thought is somewhat applicable to social situations of human interaction, whether in the organization of business or government, in education, or in the structuring of leisure and social activities.  However, in those areas, non-practical thought (such as ideals, human values, and art) and emotions become important.

As a general statement, one can say:  For the term creative to be specifically applicable, it is necessary and sufficient that the outcome of the thought process was not evident (for example, the next number after 2 is 3), that it was not known before (available in memory for recall by the individual doing the thinking), and is valid.  

It is obvious that there are enormous differences in height of creativity between various creative ideas and innovations.  However, it is very difficult to establish a qualitative scale and a limit below which new thought can no longer be called "creative".  Most sentences spoken in this world are new and unique, yet, few are very "creative".  On the other hand, even a simple sentence may be very creative for that speaker at that time.  Many of the best innovations appear quite logical and obvious at a later time.  In other words, the height of creativity is a relative parameter.  

Therefore, one should reword the above sentence:  For the term creative to be specifically applicable, it is necessary and sufficient that the outcome of the thought process not be evident to the person doing the thinking (even though, in hindsight, it may appear to be so), was not known before to the person doing the thinking, and is valid, at least within some limits or under some circumstances.

The physiology of thought does not allow for distinguishing creative practical thought from any other practical thought, such as memory look-up.  The brain proceeds in the same way for either.  At best, one could say that the formation of new associations (formation or activation of new synaptic connections or nerval signal patterns) in self-generated thought, not by learning, is indicative of creative thought.

There is a correlation between mammal evolution, the structure or quantitative development of certain parts of the brain, and the physiological location of certain brain processes.  On a "lower" (and older) level, the spinal cord can execute reflexes but it cannot be seen as being involved in "creative thought".  On a "higher" (and newer) level, the frontal and, most typically human, parts of the brain, while interconnected to most other parts of the brain and its nuclei, are essential for most (if not all) "practical creative thought" as discussed here
).  The frontal lobes of the brain do not show any substructure or nuclei, comprising only a very large number of neurons in the gray cortex and interconnections in the white material.  The functioning of the frontal lobes of the brain is, at this time, the least researched and understood area of brain physiology and cognitive psychology.  Some progress has been made recently by means of PET-scanners, but mostly in regard to mapping.  Work is being done at the Scripps Research Institute by Dr. Gerald Edelman and his team designed to understand the brain-signal configuration in a single visualization (perception or thought) and in thought connections.  

Indications are that the frontal lobes of the brain are dedicated primarily to long-term memory combined with complex addressability, capability for sequencing, and access to short-term memory.  This would allow for analytical thought, concept, and strategy development as well as for superior creative thought.  With a linear increase in memory there is an exponential need for nerval connections for addressability for associations.  This would explain the large size of the frontal part of the human brain.  Is there a biological optimum for brain size, or was there one in the cave-dwelling past?

In investigating and describing thought, one must be aware of a semantic problem.  The word thought can imply the totality of the thought process, actually including a large quantity of individual thoughts.  The word thought can also be used to relate to an individual thought only, as in a single visualization, a momentary focus of awareness or, in a different meaning, a singular associative step in the connection of thought, as in an idea.

1.3.  The process and progression of creative thought:
The following model is presented for the description of the practical (not artistic) creative thought process:

--
Thought and Focus:


Given a certain point in time, the active brain may be focused on a specific thought, for example a task.  The word focus shall indicate the thought with the latest or most significant short-term memory presence.  (Example: A junior engineer working on the design team for a new vehicle has just received the task to place the spare tire.  Question in focus:  Where is the best location for the spare tire - on or in the vehicle?).


Most, if not all, focus-phases of practical thought are mental images of the same types as those received by sensory perceptions (visual images, sounds, smells, etc.).  In other words, one can think in visual sequences, sound sequences, fragrance sequences, or tactile feeling sequences, or any combination of those.  This phenomenon is correlated to the fact that most memory retentions are images of sensory perceptions (such as visual images, sounds, and smells, etc.), quite understandably so in evolutionary terms
).  (As already indicated, artistic creative thoughts and emotions are not included in this discussion - for example, the poet searching for the right word, or the painter for the right color).


An important part of creative thought and memory retention is related to sequences in time (including motions). Memorization of associated image sequences can account for that.  However, memorization of quantitative time differences (quantitative values of time intervals) is more difficult to understand or form a model for.  (Example:  "He came ten minutes late".  "No, I remember that he came half an hour late".  In both cases, one finds the same image sequence retention, but with two different time value associations).

--
Association:  


Any given thought (image) usually is associated with a number of other elements or images in memory, addressable in one of the many ways the human memory can be addressed.  In the above example, of the engineer searching for a place to mount the spare tire, thought associations can occur regarding other vehicles having spare tires or in visualizing his vehicle - all surfaces of the vehicle, all its cavities, the placement under the vehicle, and so on.  Much simpler examples of multiple addressability are telephone numbers.  They are associated with the respective party, with a geographic location, or with unique sequence of numbers that are number sequences and are addressable in memory by any one of those recollections.  Some memory items can be addressed by color, material, location, owner, time of occurrence, fragrance, and many more addresses.


Upon focusing (priority in active memory) on a thought or image, the possible associations are triggered or activated in the brain.  This can occur through an increase in the nerval activity level (firing rate) of synaptically interconnected or associatively memorized nerve connections, or via a common base in basic image elements (though the large quantity of frontal lobe cortex interconnections and the small quantity of connections emanating from neurons recognizing basic image element should let one expect the former mode of addressing, except in pattern recognition, where the latter may be the mode of association).
)


What provides associative possibilities?  Addressability in the memory of the brain requires prior associative usage of the connection.  For example, a junior design engineer who always placed the spare tire in the middle of the trunk (as usual with old American cars) might  design the next car again with the spare tire in the middle of the trunk, until the engineer has a family and children and tries to load the trunk to go on vacation, resulting in a negative "value" for this association.
--
Acceptance:


Only "useful" or valid associations or alternatives are accepted in thought (except in dreams or pathological sequences). In the above example, the engineer with family will not think of placing the tire in the center of the trunk any longer but will now search for some other association or "idea".  Acceptance or rejection are commonly subconscious.  Rejection may be related to negative secondary associations related to consequences (for instance, conditioned response in animal experiments).  Acceptance may be related to positively perceived consequences.

--
Valuation:


Most images and associations in memory are associated with a positive or negative "value" of specific intensity.  (Examples: Primitive animals recall aversion toward foods associated with poisoning at an earlier time.  For scientists and engineers, simple solutions are associated with positive value and are called “elegant”).  More important, the value of a specific memory item depends on the associative linkage.  Fire in an automobile has a negative "value".  Fire in winter in the fireplace has a positive "value".  Consequently, it is the synaptic connection, not the individual memory “cell” that defines "value".  In other words, associations are memorized with their respective, attributed "value”.  "Value" is learned through actual, individually experienced consequences or through speculatively perceived consequences
).  


The "value" is an analog parameter and may be provided in the brain by the strength of synaptic connections or, more likely, by the nerval firing rate along the path of an associative, synaptic connection.  This may be the firing rate of the nerves directly related to the subject association or associated nerves projecting from the Amygdala and other parts of the limbic system (which is so often related to valuating responses)
).  The famous case of Phineas P. Gage may be seen as evidence for the importance of limbic connections to the forebrain for judgment of associative connections
).  The recent publication by LeDoux fully confirms the existence of such connections from the Amygdala as postulated here
).  


Just as neural activity is activated through associative linkages, the amplitude of the resulting neural signal depends on the memorized "value" of such linkage (possibly through specific formation in synapses or in their vicinity in the cell).  The consideration of this quantitative "value" parameter, while new, is essential for the understanding of the thought functions as described in this essay.
--
Sequencing of thought, path selection:


It is a unique aspect of thought that it is a dynamic phenomenon, endlessly proceeding (if it is not interrupted) in a sequence of similar steps, with only one thought achieving highest attention at any given time.  How can one understand the sequencing process?  Why does not thought diverge into myriad directions of a network of associatively interconnected memory items? 


Usually it is one of the associations triggered by a certain phase in thought that is selected as the next step in the pursuit of the thought process.  The new thought focus will, in turn, cause a new association to be called upon, and so on.  In counting, there is only one association being called upon at any one time: the next higher number.  In most practical thought, a number of different associations are available (as in selecting the place for the spare tire).  It is suggested that the association with the highest "value" (or nerval signal; see above) is called on to serve as the next step in thought, while the other paths are lost in fading signal levels.  The retina, with its horizontal and Amacrine cells, provides a mechanism with which to implement highlighting of the strongest signal in neural networks.  A combination of activating and inhibiting synaptic connections between associatively connected cells can accomplish the same
).   


If the strongest primary association leads to negative value in subsequent associations, then several other association paths may be scanned quickly before settling on a new course of thought.  (Above example:  First thinking of external surfaces, then associating them with being exposed to thievery, with negative “value”, will lead to a new association path, one possibly beginning with the consideration of internal compartments
).


There is reason to believe that all practical thought (as discussed here) is little more than the interplay of an initial focus (or sensory stimulus), followed by associative memory sequences with acceptance and sequencing functions related to "value" attributes.


It has been observed that many thinkers first pursue the solutions to problems on the level of first principles, general rules, or basic concepts, before arriving at a detailed investigation or memory.  This implies that these thinkers knew about such rules or principles and that these, like any other memory content, were available associations for them with higher "value," based on their experience with the consequences of this approach.


Thought sequences can be interrupted through such external influences as sensory inputs of sufficient amplitude or "value" in perceived consequences.

--
Timing:


The fact that there are thought sequences in time leads to the question of "speed" in thought progression.  Basic neural pathways (stimulus to response) are in the region below a tenth of a second, with some in the millisecond range.  Some thought sequences appear to be running much faster than others, especially under stress.  Then, there are rests in thought (dozing), when processes appear to stand still.  Some responses to sensory inputs follow a program fixed by nature.  One would talk about reflexes in such cases, not covered by "creative thought" and not requiring a multitude of associative steps.  There is no known research relating to timing of multi-step associative thought progressions under different conditions.  

--
Focusing of thought through back-referencing:


In rambling thought, there is no thought reference in later association sequences to the original starting point.  If there is no back-referencing to earlier thought, then creative solutions to problems are possible only between any two successive associations.


Focused thought occurs if the starting point of a thought sequence (or any point in between) implies an important task, problem, or question that has been memorized.  This leads to memory priority (awareness or consciousness) for that important thought, task, or question, which thereby becomes a “focus.”  In such a situation, all later associative thought steps are "valued" relative to their importance for that starting point when competing for the sequencing path and for memory access and awareness.  Thereby, only focus-relevant thought sequences are pursued and brought to awareness.


Such focus fixation in memory and, later, back-referencing is essential for the possibility of "creative" solutions to appear at any later time, whether down the line in associative sequences or as  sudden "ideas" much later.  In those cases, even when a newer focus takes priority in awareness, there is still back-referencing of later thought to the old focus in a fading mode.
) 


In pathological cases or in older age, with the weakening of short-term memory, the reference to the original point of thought (or starting point of talk) diminishes because the original point is not retained in memory.  More rambling thought and talk results, with little chance for creative solutions to appear or be recognized. 

Consequently, one can say :


Thought is not localized.  At best, some short-term, active memory is localized or specific segments of the related loops in the brain (the rhinal cortex underlying the Amygdala and hippocampus or, for habit development, the caudal portion of the caudate nucleus and putamen)
 ).


Thought, if it is uninterrupted, is coherent.  Any step in thought is caused by a related association and is followed by a related association.  Interruptions occur through sensory input or other impact on the brain.


Creativity in thought is coherent.  Any new idea or recognition is the result of the combination of prior memory items or associations (or new sensory input).  Such combination can be unprecedented and unique.  Thus, with ever new associations of possibly higher complexity being added, any number of structures become available in thought and can serve as the base for new combinations thereafter.  A new combination itself can become a new memory item, if of sufficient "value".  Additional memory items (associations) can be contributed through communication of such items from the memories of other people.  Sensory input (observation) or other impact on the brain can also supply new memory items from the outside world.  

A distinction must be made between passive and active memory.  Memorized past events, images, or associations do not participate in the active thought process related to awareness or focused thought unless called on through association.  Recent or new events, images, or associations can gain access to active memory and, thereby, participate in the thought process through their intrinsic "value" or occurring "value" upon association with the original focus through back-referencing and upon becoming "focus" for subsequent thought.

1.4. Conscious thought, sub-conscious thought, transitions.
"Consciousness", "awareness", and "attention" are three interrelated terms.  Their definition varies considerably from author to author and in time through history.  Here, the following definitions are used:

-
Attention:

the momentary focusing of thought

-
Awareness:

the somewhat extended perception of a situation in reality or thought

-
Consciousness:
the awareness of oneself and one's own thoughts

In talking about "conscious thought", the common usage shall be followed, thereby implying that this is a thought within awareness or consciousness.

Conscious thought is related to memory.  How could one be conscious of any thought that has disappeared totally within less than a tenth of a second without any trace?   

The concept presented in this article postulates that nerval activity (sensory input or thought) above a certain intensity level (or associated with a certain significance or "value" level, as discussed above) is memorized (at least short-term) and thereby becomes accessible again at a later time.  Nerval activities of low nerval intensity levels are not memorized.  In competing situations (a thought against a new sensory input), the stronger signal prevails in access to short-term memory and, thereby, awareness.  

"Consciousness", then, is nothing but the virtual phenomenon resulting from remembered and reaccessible prior thought or thought sequences
).  Therefore, one can conclude that consciousness is as reliable or variable as thought, imagination, perceptions, sensory inputs, and memory.

If this is so, consciousness is not centralized or localized in the brain.  At best one can state that short-term memory  or parts of the loops related to it are localized (the rhinal cortex underlying the amygdala and hippocampus or, for habit development, the caudal portion of the caudate nucleus and putamen)
).

Interestingly,  "consciousness", seen as particularly characteristic of the human species and as having been of major importance in philosophy, generally is understood too much in anthropomorphic terms (as is the case with the concept of "God").  The concept was formed by what we experience and try to visualize in familiar terms, not by what it actually is in nature.  The human self-reflective capability, often described together with consciousness as the essence of human thought, is only a consequence of the large human associative thought-sequencing capabilities in connection with certain substantial memory functions as described above.  In humans, consciousness is the tip of the iceberg of the thought process in the brain, which, to a reduced extent, also exists on lower animal levels where memory size and duration and the number of associative links are much smaller
).  Even among humans, consciousness can vary widely.  When one is very tired or exhausted (or under the influence of alcohol or other drugs), one often has a lower-level consciousness than in moments of alertness.  People living all their lives in mentally and emotionally deprived circumstances may have different levels of consciousness from emotionally balanced, well-established thinkers. 

With the above model of consciousness in mind, it is quite clear that most thought occurs unconsciously or subconsciously.  Only as an association step arrives at a certain related "value" intensity - for example, being quite agreeable or quite disagreeable - does memorizing begin and the thought becomes “conscious”.  This explains the suddenness of ideas (for example, when a good solution is found by back-referencing) and the appearance of so-called intuition.

This concept is in line with the widely observed economy of all body functions in biological processes - here, in memory size requirements and usage.  In addition, such limited short-term memory access through a significance-based priority system is necessary for orderly, focused thought sequences.  If all the innumerable thought associations, many sequence-steps deep, were to appear simultaneously in memory, leading to back-referencing of any subsequent association, the selection of priorities, focus, and finding of results for a given initial problem would appear difficult.  On the other hand, if evolution chooses to continue the enlargement of the human brain, larger complexity of thought, as by parallel processing in computers, could be a possibility. 

1.5. Intuition, ideas and pattern recognition

The term "intuition" is commonly used to indicate the finding of a solution without conscious knowledge of associative steps leading to the solution and without proof of its validity.  Many decisions in "practical" life are made "intuitively", also in scientific research.  It should be noted that many intuitive solutions are wrong.  Most intuitions are based on prior experience with what works under similar circumstances.  This is a form of associative creative thought.  In reality, many associative connections in thought have only probabilistic validity.

The term "idea", while often used interchangeably with "intuition", is used in this article to designate the sudden appearance in mind of a valid solution with subsequent associative verification being available.  Therefore, "ideas", as defined here, are the more interesting ones in creative thought.

There are two mechanisms for the appearance of ideas consistent with the concept of creative thought as presented here:

--
The appearance of ideas from subconscious thought.


The mechanism was explained in the previous chapter.  When subconscious thought arrives at a significant association, with high "value" upon back-referencing to an earlier focus which is still in active memory, the resulting nerval signal level reaches a level that allows for access to memory and, consequently, to sudden awareness as a surprise "idea".  The term "idea", or "intuition" (as opposed to "thought"), is applied more readily the further distant in time the appearance occurs from the establishment of the initial focus.  Actually, any subconscious successful association more than one associative step away from focus can be called an “idea”

The term "idea" applies specifically when the original focus has already been superseded by a new focus.  It is known that the human short-term memory can accommodate up to seven or ten items in subordinate focus.

--
The appearance of ideas from crossing associations:


Let us assume that a creative thought process starts with focus A and progresses through the three association phases, b, c, and d, before stopping without having found a "solution" to the problem raised by the focus A.  Assume that, at a later time, another thought progression begins with the focus X.  It could happen that the next association also leads to b, but the next thereafter to y.  As b is initiated, an associative connection is now established between the original focus A and now also X and y.  The latter, y, may result in a solution for A or an "idea", suddenly appearing in awareness.


This may very well have happened in the often recited example of Poincare's fortuitous idea about Fuchsian Functions, which he had been working on for some time.  As Poincare stepped into a coach while traveling, he suddenly perceived of the "idea" that non-Euclidian geometry is represented by functions applicable to the Fuchsian Functions.  It could well be that he looked at the step of the coach or any other curved surface on it and associated that curved surface with non-Euclidian geometry.  This image associated with the image of what he had been working on before.  Thus, the crossing point was established.  


Darwin and Wallace both struggled with the question why diversification of species occurred.  Neither could find the answer until, independent of each other, they happened to read Malthus' Principles of Population.  Then both, at different times, had the ideas leading to evolution through selection of the fittest.  It must have occurred to them in reading Malthus that overpopulation (focus X, see above) leads to war, disease, famine (association b) to the association of the survivors as usually the stronger, healthier, more skillful ones (association y).  The commonality with their research on animal species (focus A) was accomplished through association b which carried them to the same conclusion regarding evolution.


As described, associative cross-over requires the leaving of the original focus and the beginning of new associative chains from different foci, with the chance possibility, at some later time, that a crossing point occurs.  This may be the explanation for the "incubation period" or the need to get off an old track as observed in the thought processes of creative thinkers.


Idea appearance through associative cross-over can be considered a form of network thinking, as has been discussed recently.   


Associative cross-over can function only if identical images are stored in identical places (or identical synaptic connections) in memory and similar images in narrowly coherent regions.  The fact that identical images are recognized as having been perceived already when they reoccur indicates that such is the case.  In other words, recognition and associative cross-over are physiologically related phenomena and are in line with the economy of biological functions. 

Pattern recognition is a more complex form of recognition, where a number of elements or locations are associatively connected.  At the root is the physiological phenomenon of biological economy and specialization.  Identical images are referred to identical locations in the brain's memory.  Alternatively, as indicated above, identical images, consisting of identical image elements, are recognized by the same image element specific nerve regions in the visual cortex or in the auditory region.  This should lead to congruence of memory for identical images.  

Pattern recognition may be based primarily on such commonality of image element recognizing cells.  Pattern recognition is often equated or related to idea occurrence as in discovering similarities of structures.  Kekule's idea for the benzene structure could be interpreted this way.  Puzzles and many technical design tasks require pattern recognition for solutions and good solutions are seen as good "ideas".  Pattern recognition is a large part of creative thinking.

Part II: Special Aspects of Creative Thought
2.1. Speech, language, and thought
Speech progresses rapidly, orderly, and sometimes quite creatively with no preparation in thought.  Apparently, speech is the verbalized thought process itself (with speech slowing down the thought process or with speech not totally following the thought's associative complexity).  The length of words and the complexities of grammar are added and handled in the brain's language centers.  This implies that silent, "practical" thought (the type of thought discussed in this article) occurs mostly without verbalization, as an associative sequence of images (visual, tonal or otherwise) except where visual or tonal word images are being pursued.  On the other hand, words are originally tonal images and only as writing was invented also became visual images.

Polyglot individuals can think in several languages at will.  This indicates that the base of the thought is not in the words but in non-verbal associations behind them.  Also, the speech centers (Wernicke's and Broca's Areas) are very small and the frontal lobes very large, indicating that thought occurs non-verbally with translation into verbal mode as needed (into any one of the different languages a person happens to know).
)

Time spent writing, with the on-going conscious effort of converting conscious thought into the flow of language, leads to continuation in verbalized thought (more so in philosophical work than in "practical" thought).  One can almost hear the inner voice.

If somebody presents an argument in debate, the answer might be forthcoming instantly, while the associative thought process provides subsequently an acceptable explanation of its logic or validity and verbalizes it.  This indicates subconscious interim thought sequences.

A surprising amount of idea creativity occurs during speech and writing.  There may be different reasons for this effect, better targeting of thought being one.  The verbalization itself may be another reason leading to associations by way of the used verbal concepts not available in silent (not verbalized, only image-based) thought.  This corresponds to the crossing of associative paths mentioned earlier as a mechanism for surprise "ideas".  The need to explain something better or more slowly and thoroughly may be another reason.
)

One can reasonably assume that deaf and blind people, using some visual or tactile sign language for communication, can reason equally well as fully capable people.  Communication of thought can use a variety of sensory stimuli and codes, as any of them can be memorized.  Whether the stored sensory image used in communication or an underlying, more reality-related image is used for thought may well be inconsequential if both are joined associatively.

The speech center (Broca's Area) is located in the left temporal lobe.  There is no indication that thought is substantially impaired when this area is damaged.  Also, the right side of the brain continues to function normally even when the connection to the left side, where Broca's Area is located, is interrupted (as in commissurotomy).
2.2. Encounters changing thought
Following the concept presented in this article, the brain, when awake (and possibly also when asleep), continuously goes through endless associative thought sequences, mostly subconsciously, becoming conscious only as certain intensity levels are reached. The associative sequences change abruptly when unrelated sensory inputs reach a high intensity level or trigger thoughts of high intensity relative to their positive or negative consequences (as in conditioned responses).  (Example: A worker on an assembly line may be in a dozing state of mind.  However, when his machine malfunctions, the resulting problem will bring him to a high attention level or focusing of  his thought on the problem).

Similar effects on thought sequences result from encounters in the course of daily life or the appearance of images due to sensory input.

2.3. Different types and levels of creativity
The words "recognize", "understand", "discover", "imagine", and "invent" all relate to some novelty in thought
).  Intelligence and intuition are also related to creative thought capability.  The concepts of "recognize" and "understand" can be seen as closer to filling gaps in associations in order to connect causes with known consequences.  Much of scientific and technical discovery can be reduced to that effect.  The word "imagine" is more speculative than the word "invent".  Both are often related to the formation of a new association in thought beyond the known, possibly for new consequences.  Intelligence is often seen in the capability to generate many useful associations.  Intuition is seen in finding solutions without a logical path leading to them (from the subconscious).  

Physiologically, the thought processes for recognizing, understanding, imagining, and inventing in logic, intelligence, or intuition are all the same.  They consist of establishing new associations and of "valuing" them.  

"Judgment" (recognizing "value") is another important part of creativity.

"Practical" creativity, to which this article is limited, often occurs in the finding of new (not necessarily better) solutions to a problem, whether in recognizing connections or inventing new mechanisms.  This will not occur unless the mind has realized the existence of the problem, consciously or subconsciously.  Consequently, the appearance of a problem, of any problem, is the possible initiation of a creative solution in thought.  Therefore, the posing of interesting problems or questions is an important part of creative thought.

Such effects can occur on any level of thought, from the most mundane household task to the most complex professional situation.  Thales of Miletus is given credit for having initiated the era of reason in thought (by "recognizing" what causes earth quakes).  Was he (as any other opener of doors in thought) more creative than Pythagoras or Aristotle, who rapidly progressed in the newly opened direction with more practical or more speculative accomplishments?
)

While practicality or personal preference attributes a different value to different levels of creativity, the thought process in the brain is the same.  As said before, nature does not know the difference between various levels of creativity,  only the "value" of consequences. 

Quality assessment of creativity is subjective and not easily measurable.  In reality, the concept of "creativity" covers a continuous band of thought processes reaching from obvious associations to the most unlikely and ingenious ideas of famous inventors, researchers, and businessmen.  Any limitation of the term "creative" (setting of a lower limit) is arbitrary and, in the mind of the observer, not apparent in nature.

Under most practical circumstances and in industry, usable results are expected from creative thought.  It is a matter of general experience, that usable results do require a certain amount of genius in the initial thought, but also require a very large amount of detail effort on a much "lower" level of creativity to make the idea work.

Quality of creativeness can be seen relative to the potential of the inventor, relative to surrounding society, or in general terms, relative to all creative thought ever documented.  From this, it becomes apparent that no general scale of quality of creative thought can be established.  Yet, one can say that surprisingly new, generally important ideas requiring a high degree of mental capability are valued as being more creative than the more obvious, unimportant and rather fortuitous ideas.

An interesting aspect in discussing the level of creativity is the "level of abstraction" and the  "association span" as related to coverage area of available concepts:
--
Example:  In discussing a machine, one can talk about the nuts and bolts and each individual lever and wheel producing the function of the machine.  One can also talk on the level of machine functions.  Beyond that, one can talk about this machine and alternative machines and the underlying need for the machines, even on a social/philosophical level.  Depending on the situation, there may be an optimum at some intermediate level.  

Everybody has experienced the boredom of an endless discourse of petty detail.  On the other hand, some people swiftly arrive at the core of the problem on an interesting level.  In their thought process, they must have available associations on the desired higher level and a preference for such level.  A higher-level concept usually has a wider coverage area for the related phenomena.  Consequently, thought progresses in larger steps using such wide-coverage concepts resulting not only in faster progress in thought, but also allowing the introduction of a wider variety of detail associations later on.  Therefore, creative concepts may become available which otherwise would not have been addressed.  This is related to some Zen approaches to problem analysis and is still to be found in some Oriental methods of deliberation in industrial settings.

2.4. Left-side and right-side-of-the-brain thought
It is commonly assumed that the thought contribution of the left side of the brain is more analytical, the contribution of the right side more conceptual, spatial, holistic.  This may be an oversimplification. Yet, the left side is somewhat dominating in daily activities of urban and professional life and in "practical" thought which this article is concentrating on.  Consequently, following the above model, left-side thinking has a larger share of conscious practical thought, while right-side thinking has less (the opposite may be the case for some artists or some philosophers).

Many problems require a conceptual approach or need the idea of a model for a solution.  Conceptual thought provides new, overriding perspectives.  Only as the left side's dominance is calmed down, will the right side thought be of sufficient relative strength to penetrate into awareness or consciousness through access to memory, as described above..

In practical terms, this often occurs in the morning, before initiation of analytical thought, under the shower, upon shaving.  It may also occur as one relaxes, goes for a walk, daydreams.  When subconscious associative thought hits on an unusually valid or exciting combination, the nerval signal intensity ("value") accomplishes access to memory and, thereby, consciousness.  An idea is born, insights are gained.

In old philosophies and religions, meditation and seclusion may have served this purpose.  In modern times, listening instead of talking helps, more thinking and less reading helps, relaxation helps, and meditation would, too.  All problems of substance should be given the chance to be considered by the right side of the brain.

In modern times, Kekule's idea of a ring form for benzene
) and Einstein's visualization of running along a light beam trying to jump on it, may be examples of right-side-of-the-brain thinking.  This coincides with the fact that Einstein emphasized that his thinking was not verbal and that it required much effort on his part to translate his ideas into words.
)

Following the above understanding, training for improved creativity should include the training of the right side of the brain for improved conceptual and spatial thought.

Physiologically, one would expect that associations for conceptual thought, spatial models, and holistic views of problems, possibly spanning various fields of knowledge or observation, require associative nerval connections over larger distances.  If this is so, than the right side of the brain should show such longer nerval lateral connections and the volume of connecting nerval material should be larger than in the left side of the brain.  As a matter of fact, it was found that the white material in the frontal lobes of the brain is more voluminous in the right hemisphere than in the left.

2.5. Creative attitude
A certain attitude of thought can be fostered to enhance creative thought.  Here are some examples:

--
Whenever a doctrinal solution to a problem (or an answer to a question) is presented, one can have the habit of searching for alternatives or for exceptions to the rule ("question authority").

--
Whenever there is awareness of a customary way of doing things, one can think of a better, more efficient, more preferable way of doing those things.

--
One can question why people want what they do, and then find a better definition of the "true" problem and,             consequently, a better answer to the underlying problem.

Such an attitude or habit of thought reaction can become quite pervasive, almost to a point of becoming a nuisance.  Very creative people often do not fit into conventional industrial organizations and standard behavior patterns
).

Part III:  Practical Conclusions and General Considerations
3.1. What improves or inhibits creative thought (intensity, caliber)
The basic parameters for improvement of creative thought (besides genetics and conditions early in life) appear to be:



Training



Environment



Habit and attitude

Training:
--
The plasticity of the human brain varies with age, and differently for different parts of the brain.  Example:  Reading and writing have to be taught early in life; unused second or third languages can be forgotten again in early adolescence.

--
All elements of creative thought can be influenced by learning:


..
The number of available associations: through teaching of images and perceptions leading to new associations.


..
The multitude of addressability: through active personal manipulation of images and perceptions in a multitude of contexts (not just listening and watching others).


..
The acceptance of unusual associations:  through demonstration of the usefulness of the unusual.

Environment:

Most important for creative thought is an environment supportive of creative thinking.  This may be the main reason for the blossoming or stagnation of cultures through history:  Antique Athens, the Middle Ages, the Renaissance, "socialist" countries of decades past, Europe and America over the last 150 years.

In the work environment, well-formulated, logic, assertive statements or authoritative statements by hierarchical superiors can kill creative thought by others, specifically by those subordinated to them in position or rank.  This may be related to the self-confidence or independence of those addressed.  It may also be related to the high "value" related to the presented thought in the mind of the listener, preventing his own thought associations (especially from the right side of the brain) to develop and compete for relative "value" and consciousness.

In many social environments (even in research-oriented groups), the announcement of substantial new ideas by one individual encounters intense critical analysis, sometimes jealous adversity and ridicule by others.  Few people want to be exposed to that.  Then, only the already established thinkers and authorities in that field dare to speak up or are being listened to.  Creativity by less established thinkers is debilitated or does not come to light.

The same effect occurs in work environments where convincing practical solutions or approaches are already available, 

More specifically, one can mention the following environmental effects on creative thought:
--
Acceptance of the new and unusual by peers and supervisors

--
Stimulation by other innovations (as in brainstorming)

--
A certain degree of freedom and independence in the work environment

--
A certain degree of demands and expectations imposed by the work environment

--
Variation between stress and rest (both leading to specific, but different creativity)

--
Rewards.

Habit and attitude:
Established habits of thought and behavior are basically not creative.  Habits should be questioned from time to time.  On the other hand, it can become a habit to question habits.  It can become a habit to question all unproven statements or to question the proof of any statement.

Creativity is reduced when a person has been trained and has worked for a long time in a certain thought pattern of internal consistency (from science to theology or politics).  Therefore, very experienced people are not necessarily very creative.  On the other hand, many substantial, new ideas come from young people.

Common teaching and management in industry stress proper work habits as a precondition for successful work – as in proper documentation, orderliness, thoroughness and follow-up.  But it is well known that some exceptionally ingenious people have disorderly work habits..

Attitudes can be changed by training, specifically in regard to obedience versus independence, shyness (risk aversion) versus curiosity.  Some aspects of personal attitude are important for creative thought:
--
Self-confidence and optimism versus insecurity, and depression:


An optimistic attitude and self confidence increases creativity.  An insecure and depressed attitude debilitates creativity.

--
Fear versus security:


Fear can stimulate creativity ("War is the father of all invention").  Excessive fear freezes all inventive thought.  Security can lull creative thought.  It can also provide the sense of freedom to pursue independent, creative thought.


--
Need versus satisfaction:


Need (as fear) does stimulate creativity.  Excessive need leads to short-term, petty thoughts of survival and risk aversion.  Satisfaction leads to the lulling of creativity, the desire to retain what one has.  Satisfaction also frees the mind of pursuits to meet need, stimulating creativity in other areas of interest.  


The optimum in either of the last two issues may be in a middle range or (possibly more so) in ongoing change between various states.  

--
"Creative" attitude:  Many great inventors were not motivated by money or fame but by an innate curiosity, by a desire to improve, investigate, solve problems, and invent.

--
Methodology


Example: A company produces nutcrackers.  What other products could there be?  "Permutation of components" as a method:  What else can be cracked?  Example: Lobsters!  How else can one crack?  Example:  By means of a screw!  Crunching as a variation to cracking! Example:  Crunching of cans for disposal!

--
Alertness (brain activity, effect of coffee).

It is an old argument whether knowledge and experience foster or inhibit creative thought.  Obviously, both can be the case.  Additional knowledge provides the possibility of additional thought associations, as when just learning something new.  An encyclopedic memory may be a bore.  But multifaceted knowledge, including the knowledge of unrelated categories, allows for unexpected new combinations.  The right combination of creative attitude with knowledge or experience makes the difference.

Experience is supposed to prevent wrong conclusions and gives high preference to proven combinations.  This can save time and resources.  On the other hand, reliance on experience may prevent search for and acceptance of new thought associations.  That is the reasons why young people and newcomers to a problem area (at any age) should have a better chance of bringing substantial innovation to the task.  Their possible new associations are not blocked and they also bring new associations from their prior perspectives and experiences.  

This leads to the advice to start creative thinking in a new area of interest spontaneously and freely on one's own, wherever one comes from, without too much guidance by experts.  One should first write down ones own original ideas.  Only then should one read what established experts have worked out so far, subsequently improving and expanding one’s own writing as indicated.  

In general, there is a need for openness that newer thought can change older conclusions (the need to break the paradigm).  

3.2. Coherence of Creative Thought
If thought sequences are merely new combinations of existing memory associations, how can there be any creative progress in thought?  

The progression of practical "creative thought" presents a surprising similarity to biological evolution.  In biology, ever new and more advanced manifestations of life (including the brain) evolved coherently from a given base of building blocks of molecular nature, progressing from single-cell organisms to the most complex ones.  Similarly, creative thought evolves coherently out of prior given basic items in memory, progressing to the most complex systems of thought.  In both cases, the path selection in the progression is the selection of the fittest from a large number of contenders.  In thought progression, it is the selection of the association with the best expected consequence (strongest associative "value" signal, see above) out of all possible association paths.

As in biological evolution, thought progresses in accordance with opportunity and need, understandable in retrospect, yet unpredictable.  Thought progresses in all directions, yet shows areas of dense coverage and areas of neglect.  If species are compared to dogma, then the dominance of some dogma can suppress evolution of some new species of thought, which blossom only as the old dogma is eliminated.    

The comparison of thought progression to biological evolution, for any individual thinker or for mankind throughout history, deserves further expansion.  

The coherence of associative thought sequences along the path of highest "value" leads to the question whether thought sequences are predetermined.  This touches on the question of free will.  In "practical" creative thought as discussed here, there is not much need or room for free will which is more related to emotional matters and judgment involving human values.  At best, free will plays a role in deliberate focusing, work attitude and risk-taking in research and inventiveness, not in the thought process itself.  On the other hand, there are questions of ethics in business and ethical behavior in an industrial setting.  Lately, the question of ethics in technology development, the responsibility of scientist and engineers for the outcome of their work, has been discussed, from product liability to responsibility in developing military equipment for mass destruction.  Then, free will does enter into practical thought processes.

Then there is the phenomenon that all natural events show some statistical distribution.  This certainly should apply to nerval signal levels, too.  Consequently, path selection in sequencing or memory access of competing associations are not predictable
).  One can visualize the parallel of a Heisenberg uncertainty principle in thought.  This would provide room for the consideration of many degrees of freedom from predeterminism.  Such degrees or freedom can include free will, the spontaneous occurrence of thought without association, and the intervention of God in intuition. 

Another effect of randomness in statistical distribution results from the fact that the brain does not have a "clock" as in digital computers.  Consequently, signals progress and correlate in the brain with somewhat random timing, giving cause to spurious signals as known in electronics.  Such spurious signals can trigger spurious new thought unexpectedly, for example, even when an inhibiting synapsis is expected to prevent some neural output.

The coherence of thought can be interrupted by the perception of external phenomena, as in "discoveries:  The perception of new objects (such as microscopic particles and structures made visible by means of microscopy or distant galaxies in the universe made visible by telescopes), - or the discovery of natural phenomena (electromagnetism, fields in the vacuum expanding at the speed of light, and so on) expanding the possibilities of thought.  

As part of perception, the coherence of thought of an individual can be altered by new information from another individual.  Usually, acceptance of foreign thought for own thought processing requires "understanding".  Without understanding, such new information is combined with insecurity, resulting in a negative value association of such new memory items and resulting in unusable associations in thought.  Understanding in most cases is nothing else but the establishment of intermediate associative steps with given memory items of the recipient, thereby reestablishing the coherence of thought.  Such intermediate steps can be observations.  In some cases, they are mental imagery provided by thought or communication with others (learning), rendering the appearance of "understanding" in one's mind a highly subjective phenomenon.  

There are cases where the gaining of such understanding is difficult, such as understanding the existence of electromagnetic fields in the vacuum or of the unlimited appearance of our universe of limited size.  

The gaining of understanding based on explanations received by somebody else can hardly be called creative thinking.  However the gaining of understanding and insight through one's own thought in building associative linkage steps is definitely a large part of the creative thought process of scientists.  The concept of "logic" falls into this area of gaining understanding in a step-by-step procedure of acceptable chains of associations.  Pattern recognition is also related to "understanding" and is facilitated by prior experience.

3.3.  Open questions
What if problems can not be solved but action is required?  Then, decision-making is necessary.  Is decision-making part of creative thought?  Discussion of this question goes beyond the scope of this article. 

There are some open questions regarding the physiology of thought relating to the known EEG (electroencephalography) signals.  Their correlation to thought (defined as the nerval signal activities in the brain as expressed in firing rates) is not clear.

Another, more mysterious area is ESP (extrasensory perception).  The most common form of ESP, telepathy or the transmittal or simultaneous occurrence of thought between two or more individuals, is not scientifically founded at this time.

3.4. Can there be too much creative thought?
Undoubtedly, creative thought can disrupt the enjoyment of things as they are and bring unrest to a social setting of satisfaction with the status quo.

In modern society, social ills are increasingly being blamed on unchecked progress and new technologies.  Creativity in the service of some evil intent must be questioned (even though much progress of mankind has come out of strife and warfare).

A habit of challenging any statement and the constant thinking in alternatives and exceptions (see above) can destroy enjoyable discourse and peace of mind.  There is some trade-off between stability and progress.  Often, there is some risk associated with curiosity and creativity.

Obviously, there is not only the question of an optimal level of creative thought and behavior, but one of timing and variation in the course of life as well.

Then, there is the question of the direction of creative thought.  What if it leads to decadence?  

Not every leisure activity must be analyzed and improved in technical or economic terms, 

Many industrial organizations have experienced the dangers of too much costly innovation with too little follow-through for economic success (the last years of RCA and others).  It is one of the many skills of good management to control innovation to the proper level and the proper timing.
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�) Artistic creativity most likely involves other than the frontal lobes of the brain, being related to aesthetics and emotional significance.  In those other parts of the brain, chemistry and hormones play some role, not only synaptic connections.





�)Philosophical thought is more word-concept related.  However, words are images, too, being either sound images or visual images.  And how do deaf people, communicating in sign language, think or, as Helen Keller, a deaf and blind person?  Not only philosophers, but all those involved in the struggle of verbal formulations, as when writing papers, have the verbal expression in thought awareness.  However it is not certain whether the verbal thought awareness is the original thought or the verbalization of an underlying non-verbal thought, see Einstein's letter to Hadamard.    


	


�)  It is interesting to note that most thought associations function bi-directionally, even though nerval signaling along axons and in synaptic connections is uni-directional.  Since nerves do not appear in pairs with opposite direction, one must conclude the existence of a yet  un-understood complexity of cross-connections.


�)  Memorizing of "value" provides some economy to the brain in time and energy by not having to repeat the full thought process to arrive at the possible consequences of an association.


�) The small size of the limbic nuclei relative to the large frontal lobes indicates that bus connections are used for such signaling.  This would have to be verified.  


�)  In 1848, Phineas Gage shot a steel rod from below his left eye through the center area of his forebrain.  While retaining his "intelligence", he lost moral judgment, truthfulness, and personal dependability.


�) Joseph E. LeDoux:  "Emotion, Memory and the Brain", Scientific American June 1994


�)  An alternative theory could assume that the "strongest" synaptic connection is being pursued with strength being derived from frequent usage.  It is easy to prove that in most cases of practical creative thought the associations with the highest positive or negative "value" come up first.  The pursuit of commonly used connections is rather an example of lacking creativity or mental freedom. 


�)In other words, if sequencing follows highest value of called upon associations in several subsequent steps, a sequence with low initial step value will not be pursued even though a later step from this sequence may have led to maximum value.  This appears to be confirmed by experience.  If somebody later discovers this better solution, one may observe "why did I not think of that", indicating that it could have been a potential associative thought sequence.


�)  One should investigate whether there are cells in the areas related to active, short-term memory as the horizontal and Amacrine cells in the retina.


�)  See Petri and Mishkin's work regarding the neuropsychology of memory, e.g. American Scientist Jan.-Febr. 1994.


�)  This is a statement with important psychological and philosophical conclusions.


�)  See Petri & Mishkin:  "Behaviorism, Cognitivism and the Neuropsychology of Memory", American Scientist, Jan.-Feb. 1994.


�)  It is amusing to speculate at what level in biological evolution awareness or consciousness appeared.  The antics of an agitated octopus in an aquarium indicate sequences of nerval activity (thought?) related to learned experiences (memory of thought). 


�)  "Language can be an unpleasant limitation to express what one wants to say".


�) This may result from temporarily resting on intermediate associative steps of lesser value, previously not brought to consciousness and now leading to secondary associations of possibly higher value (new ideas).  If this finds a parallel in evolutionary biology, slower environmental changes should lead to higher species variety than fast environmental change.





�)  As the Inuit have many words for snow, western thought apparently has many words for creative thought.  


�)  It is interesting to note that creative thought itself did not become generally recognized and appreciated till the 19th century (mainly in the industrial revolution).  Before, only few individuals were remembered for their creative genius (e.g., Alexander, Archimedes, later the inventors of scientific instruments in the Renaissance, finally the originators of manufactures such as Gutenberg and Boettger)  


�) Kekule was originally a student of architecture before switching to chemistry.


�)   See Einstein's letter to Hadamard. 


�)See the findings by Georg Reinfelder, Consultant for Research and Development, Munich, Germany. 


�) Buridan's ass would have made a decision as such a statistical variation in signal level between the two sides would have occurred at some time.
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