EEG Brain Mapping & Creativity 

Research Notes

Initially, it was difficult to find good information without a subscription to websites with the published articles.  A research librarian at Young Research Library responded to an email inquiry and opened the gates of information.  Even following the directions of the librarian, I stumbled through websites with the “abstract” of articles; I was unable to find the full article without coming to an article database that required some payment for a subscription to provide access.  Finally, I stumbled upon www.sciencedirect.com through clicking on the various
links; it was not as easy to locate articles as one might think.

Introduction


I could not decide upon my paper topic.  Then after the final meeting with the professor and classmates and reviewing Dr. Nardi’s presentation to Stanford University, I really liked the idea of exploring creativity and transcontextual thinking (TCT).  I have a creative facet of myself that does not manifest itself in traditional ways of artistic expression aside from “doodling,” amateur drawing and writing, and possessing a love and appreciation for artistic expression and esthetics.  I am intrigued at the possibilities of where and how creativity is manifested in the brain.  

There is a plethora of research examining how the brain processes creativity.  The equipment being used for these studies includes EEG (Electroencephalograph), fMRI (function Magnetic Resonance Imaging), and PET (Positron Emission Tomography).  Each format has positive and negative attributes to research depending on costs and what a scientist is searching for.  Since the Human Complex Systems individual tutorial studies are specifically related to EEG brain mapping, the focus of this paper is on EEG use and results.  My intention is to compare and contrast details and findings of published studies on this topic.

Study 1: EEG Differences as a Function of Creativity, Stage of the Creative Process, and Effort to be Original


Different studies approached identification of the brain processes and amplitudes of the brain similarly.  Martindale and Hasenfus refer to a hypothesis from Kris in 1952 relating “that creative individuals manifest an ability for ‘regression in the service of the ego,’ which involves a transient movement from secondary process (logical, analytical [and] reality oriented) cognition to primary process (analogical, free-associative [and] autistic) cognition.”  The dual stages of the creative process originated from Kris’ hypothesis, which theorized two stages of creativity: an inspirational creative phase and an elaboration phase of the creative process.  According to Kris, the “initial inspirational stage” occurs at a “low level of cortical arousal followed by a subsequent elaborational stage” with “high arousal.”  

In 1978, Martindale and Hasenfus produced a study to explore Kris’ hypothesis.  The subjects of this study included both creative and uncreative individuals who were asked to “engage in analogues” of both stages.  The researchers “hypothesized that more creative subjects would show comparatively high alpha wave incidence” at the inspirational or first stage and a “comparatively low alpha wave” occurrence at the second or elaborational stage.  The assumption “that alpha wave incidence is an inverse indicator of cortical arousal and… the latter is related to the primary process versus the secondary process” infers, utilizing the hypothesis, that subjects who display more creativity “operate at a more primary-process level during inspiration and at a more secondary-process level during elaboration” than “less creative subjects.”  

In two experiments, Martindale and Hasenfus found “no significant sex differences on any of the variables.”  In the first experiment, their findings were the opposite of what they had anticipated; the “highly creative” subjects exhibited “low levels of arousal” at the initial, inspirational phase versus the projected second or elaboration stage.  The less creative subjects showed insignificant changes between inspiration and elaboration.  In conclusion, the researchers found “no very strong or reliable relationship between creativity and basal alpha wave incidence,” utilizing the 1978 study in addition to two other studies in 1974 by Martindale and Armstrong and in 1975 by Martindale and Hines.

Study 2: EEG Alpha Oscillations During the Performance of Verbal Creativity Tasks: Differential Effects of Sex and Verbal Intelligence


Andreas Fink and Aljoscha Neubauer wrote their most important finding as a result of their studies was “the inverse intelligence-activation relationship, [for example] neural efficiency,” seemed to be “moderated by task content and the individual’s sex.”  According to Fink and Neubauer, “Males and females displayed the expected inverse IQ-activation relationship in just that domain in which they usually perform better: ” females verbally and males in their visuo-spatial ability.  The authors point out that intelligence is well researched; however, “creativity has been identified as a key variable in the profoundly complex mental ability domain.”


Fink and Neubauer refer to Guilford (1950) and his distinction between two modes of thinking: convergent and divergent.  Convergent thinking relates to “discovering the best single answer of a given problem;” whereas divergent thinking involves that “a given problem might be tackled in different ways.”  The convergent mode of thinking is most associated with “the major principle inherent in most intelligence tasks,” while the divergent mode of thinking “represent[s] the free-associative thinking style… commonly linked to creative thinking.”  The authors claim that research with the goal of highlighting “possible brain states related to creative modes of thinking is comparatively rare;” “defining and measuring creativity” is difficult, but there are “empirical reports of possible brain mechanisms related to divergent thinking.”


Fink and Neubauer report Molle’s study showing “higher EEG complexity during” divergent versus convergent tasks.  This suggests “a larger number of independently oscillating neural assemblies during divergent thinking.”  Perhaps this is related to some of the “Christmas tree lighting” during transcontextual thinking on the EEG brain mapping display.  

Creative individuals show more cooperation between brain areas than gifted ones.  

Study 3: Differences in Cognitive Processes Between Gifted, Intelligent, Creative, and Average Individuals While Solving Complex Problems: An EEG Study
In 2000, Norbert Jausovec produced a study using EEG to see the different cognitive processes between individuals of differing abilities in creativity and intelligence.  Jausovec’s findings come to the same conclusion as many of these studies state: “creativity and intelligence are different abilities that also differ in the neurological activity displayed by individuals.”  Jausovec’s subjects were observed while solving “open and closed problems.”   Jausovec refers to an experiment in1995 by O’Boyle, Benbow, and Alexander in which they postulated the “hypothesis that enhanced right hemispheric involvement during basic information processing, as well as superior coordination and allocation of cortical resources within and between hemispheres, are unique characteristics of the gifted brain.”  

Earlier in 1986 and 1988, Benbow performed experiments in which a link was found “between extreme intellectual precocity and left-handedness, immune disorders, and myopis; each of which may be considered by-products of advantaged right-hemispheric development.”  

In 1991, this link could only be partially repeated in an EEG study by O’Boyle, Benbow, and Alexander.  Using PET in 1995, Haier and Benbow were unable to discover differences in right and left hemispheric processes with regard to “mathematical ability.”  


A majority of the studies utilizing EEG explored the use of “alpha power measures” to examine intelligence differences; “Evidence indicates that alpha power is inversely related to mental effort” (Jausovec, 2000).  In Jausovec’s study, subjects were presented with a business-oriented problem in which they had to “Plan-a-day” from Funke & Kruger 1993.  This problem involved planning a day’s activities and was a computerized problem with a number of tasks and logistics concerning completion of each project, for example, deadlines, travel times, difficulty, and importance.  The other problem given to subjects, called Transportation used by Dorner & Schaub in 1992, included various elements of time, price changes, and “desired number of bus passengers,” as well as free parking spaces throughout town.  There were different levels of difficulty used in the study.


General Linear Models (GLM) were used to analyze the EEG data.  “The transportation problem showed significant between-group differences related to intelligence… and a significant intelligence by complexity interaction effect.”  The transportation problem was determined to be “well-defined, calling for little or no creativity.”  The highly intelligent (HIQ) displayed significantly higher scores than the individuals of average (AIQ) intellect.

GLM Transportation Problem “Significant Interaction Effect for Factors:”

· Hemisphere, Electrode Location & Creativity
· Complexity, Location & Intelligence

GLM Plan-a-Day Problem “Significant Interaction Effect for Factors:”

· Hemisphere, Intelligence & Creativity

· Hemisphere, Complexity, Intelligence & Creativity
“Significant differences for the level of intelligence in frontal (Fp1, Fp2, F8) and central (C3) sites were observed.”  Higher alpha power was noted with the HIQ group during the Transportation problems, but for the Plan-a-Day problem, the T6 location showed “a significant difference for the level of creativity.”  Highly creative (HC) individuals were observed with less alpha power than average creativity (AC) individuals.  The subjects were observed at high and low alpha bands.  Using EEG, differences were not as “pronounced” as expected, especially taking into consideration the “highly significant between-group differences related to intelligence and creativity.”  In general, HIQ individuals, as compared to AIQ (average intelligence) showed “higher cooperation between brain sites mainly located in the right hemisphere, showing rather short distance cooperation between brain areas in the right frontal (Fz, Fp2, F4, F8), and temporal (T4, T6) and central (Cz, C4) sites.”  Differences for the highly creative individuals showed higher cooperation between brain areas mainly in the frontal areas, but “much less pronounced.”  

Jausovec’s study included a second experiment.  EEG activity was compared among gifted, creative, intelligent, and average individuals as they handled creative problems.  The expectations were that the average creative subjects would have lower alpha activity while solving creative problems than the highly creative subjects.  These expectations were met.  “Gifted and creative individuals solving creative problems showed higher” alpha power levels than the “average and intelligent students.”  Also noted, was “an additional interaction effect between the factors of creativity and intelligence” in F8.  In T3, “significant interaction between the level of creativity and intelligence was observed” during the handling of divergent problems (Jausovec, 2000). 

Conclusion

The complexity of procedures and methods relating to EEG experiments and studying cognitive processes involved with creativity is quite extensive.  I examined just three studies of approximately eight that I had printed.  I am aware that I was just beginning to examine the surface layers of the research and theories relating to cognition and creativity.  One difficulty is the many different ways of approaching research and experimentation by various scientists.  Another difficulty is the introductory knowledge base I have to EEG compared to the knowledge we do have about the brain and its processes.  However, this introduction was efficient, enhanced my knowledge, and inspired additional inquiry.  

Specifically, there are no clear answers and many hypotheses regarding creativity and the mental processes the brain goes through to use creativity.  A key to discovery is standard methods and repeatable results.  The quest to explore creativity is an enigma in itself.  Are we identifying creativity in order better stimulate the creativity of humanity overall or bring creativity to individuals lacking the pleasure of creativity?  This makes sense.  I think most would love to know how to tap into their creativity more efficiently and effectively and how to better utilize creative expression.  According to Chavez-Eakle, Graff-Guerrero, et al, “Creativity is important for social survival and individual wellbeing; science, art, philosophy and technology have been enriched and expanded by this trait.  This study in 2007 explored creative performance and cerebral blood flow.
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