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Creativity and Intelligence: Conflict at the Core of Problem Solving

As the search to find an explicit definition of intelligence has tapered and been replaced by an attempt to recreate it in a machine, it has become clear that some aspects of intelligence, namely formal logical processes, are much easier to replicate than others.  We have come to a point in artificial intelligence where machines can outperform humans in chess and instantaneously produce solutions to math problems that would take even skilled mathematicians hours to solve.  But, despite the impressive performance of machines in these limited domains, they lag far behind humans in the realm of artistic creation.  It is a common assumption that logical-mathematical intelligence and artistic intelligence require distinct capacities that do not often co-occur; For example, physics majors are not expected to excel at the visual arts and vice versa.  So, is a computer program, perhaps, just an extreme form of logical-mathematical intelligence?  


Just as we have seen with the concept of intelligence, defining the term creativity has attracted and stumped members of various disciplines.  It is often associated with artistic ability, but, importantly, this is not always the case, and it seems to be inextricably tied to the concept of originality.  According to Runco (2004):

Perhaps the most significant flaw in the various theories of right-brain creativity is that creativity actually requires the capacities from both hemispheres.  Creativity is not always or entirely intuitive, for example, nor even radically original.  Creativity instead reflects originality and appropriateness, intuition and logic.

Also like intelligence, we may not be able to agree on a definition, but we “know it when we see it.”  Much of creativity research has centered on the debate of whether intelligence, in terms of IQ level, promotes or hinders the creative process.  It has been suggested, and accepted by many, that there is a threshold level of intelligence required for creativity, but that beyond this level the two are either independent, or intelligence actually interferes with creativity by preventing new methods of thinking (Runco 2004).  Although current research does not provide a definitive answer to this question, it tends to support the idea that artistic creativity and mathematical intelligence are two distinct phenomena with different underlying traits, and that the processes required to excel at one typically inhibit the ability to excel at the other.


In an EEG study, Jausovec (2000) recorded electrical patterns of the brains of individuals while solving closed, dialectic and divergent production problems.  Closed problems had both closed problem and solution states and were designed to provoke convergent or logical thinking.  Dialectic problems, which had open problems and solutions, and divergent production problems, which had closed problems and open solutions, were both designed to provoke creative thinking.  EEGs were taken for groups of high intelligence and average creativity; high creativity and average intelligence; high intelligence and creativity (gifted); and average intelligence and creativity.  Judgments were based on IQ and creativity tests.  The results showed that there are obvious differences in the neurological activity that occurs while members of these distinct groups are solving various types of problems.  Independent of creativity, both groups with high intelligence had less mental activity and more cooperation between brain regions while solving the closed problems than the groups with average intelligence.  Likewise, both groups containing highly creative individuals showed less brain activity while solving dialectic and divergent production problems.  However, while the highly creative and average intelligence group showed more cooperation between brain regions while solving these problems, gifted individuals showed greater decoupling of brain regions.  The results leave us with the idea that there neurological differences underlying these two capacities and, more importantly, that high intelligence can actually interfere with creativity in solving ill-defined problems (Jausovec 2000).

Although creativity and intelligence appear to be obviously advantageous traits in the general population, historical examples of extreme creative genius, studies of autistic savants and the correlation of creativity and mental illness lead us to believe that excessive creativity/intelligence must come at a price.  

In an experiment by Nettle (2005), artists and mathematicians were analyzed for traits associated with creativity and mental illness and compared to a control group from the general population and a group of psychiatric patients with affective disorders, schizophrenia and bipolar disorder.  The four traits examined were unusual experiences, which include hallucinations and delusions; cognitive disorganization, which refers to difficulties concentrating and feelings of purposelessness; introvertive anhedonia, which means lack of enjoyment; and impulsive nonconformity, which includes self-abusive and violent behavior.  Artistic creativity was based on poetry and visual art and individuals were classified as non-artists, hobbyists, serious artists or professionals.  Mathematic creativity was examined by a simple distinction between mathematicians and non-mathematicians.  

Nettle found the rates of unusual experiences and impulsive nonconformity to increase significantly with artistic seriousness, although they dropped off slightly for professionals.   In fact, when serious artists were compared alone with schizophrenics, rates of unusual experiences were equal.  He also found the same trend for cognitive disorganization, although not at a significant level.  Furthermore, there was a significant difference in the prevalence rate of psychopathology between serious poets and non-poets, with serious poets being more likely to have been treated for affective disorders, schizophrenia or bipolar disorder. The main difference between artists and the psychiatric patients was that artists had lower rates of introvertive anhedonia than the general population, while patients show increased rates.  This suggests that the presence or absence of introvertive anhedonia, rather than differences in the rates of the other schizotypal traits, is a crucial distinction between highly artistic individuals and psychiatric patients (Nettle 2005).

The opposite was found for mathematicians, who were significantly less likely to have been treated for one of the psychopathologies listed above, scored significantly lower than the general population on rate of unusual experiences, cognitive disorganization, and impulsive nonconformity, and tended to score higher, although not significantly, on rate of introvertive anhedonia.  Nettle’s study supports the conclusion that artistic and mathematical creativity arise from crucial differences in thought processes, with psychiatric patients at one pole, artists near that same end of the spectrum and mathematicians near the other, with the rest of the population falling somewhere in between (Nettle 2005).

Research regarding individuals with a high-functioning form of autism known as Asperger’s Syndrome (AS), provides further evidence for such a spectrum, with these individuals falling at the opposite pole from individuals with psychopathologies.  Although most of the research in this area distinguishes between male and female tendencies and suggests autism to be an extreme form of the male brain, its findings can be applied to the artistic-mathematical dichotomy, because the stereotypical female brain exhibits similar traits to artistically creative brains and the stereotypical male brain demonstrates the same mathematical counterparts. 

Various fields of research have found that males and females are indeed sexually dimorphic along various cognitive dimensions (Knickmeyer et al., 2005; Lutchmaya et al., 2002). Females have a propensity toward developing a folk psychology that surpasses that of males. This includes the ability to understand other minds and predict social behavior.  Lutchmaya et al. (2002) found the vocabulary size of 18- and 24-month-old female infants to be significantly higher than the vocabulary size for males of the same age.  They also found females to make more frequent eye contact with their parents even as early as twelve months after birth.  Males, on the other hand, tend to excel in the folk physics domain, which includes understanding inanimate systems and predicting their behavior (Lutchmaya et al., 2002).  For example, males are better at predicting the outcome of a mental rotation task (Grimshaw et al., 2005 as cited by Lutchmaya et al., 2002).  These observed differences are in accordance with the idea that cerebral lateralization is influenced by sex, with females having a more developed right hemisphere and males having a more developed left hemisphere (Lutchmaya et al., 2002).


There is a large body of evidence suggesting that autism and AS result from neural development that mirrors male neural development except in a much more exaggerated form.  The first piece of evidence comes from the sex ratio of males to females with these two conditions.  Males with autism outnumber females 4:1 and males with AS outnumber females 9:1 (Manning et al., 2001).


More evidence for the extreme male brain theory is that autistic people and people with AS show deficiencies in the areas where females excel and these deficiencies are often more pronounced than in normal males.  For example, they may completely fail to develop language and their frequency of eye contact at a young age is greatly reduced (Knickmeyer et al., 2005; Lutchmaya et al., 2002).  An experiment by Lawson et al. (2004) found that females show superior performance to males on a test of empathizing, “the drive to identify emotions and thoughts in others and to respond to these appropriately.” This is not surprising given previous findings about female social development.  Furthermore, non-AS males show superior performance to males with AS, which supports the extreme male brain theory.  On a test of systematizing, “the drive to analyze and build systems, with the aim of understanding and predicting non-agentive events,” both non-AS and AS males outperformed females, but the score for the two groups of males were not significantly different from each other (Lawson et al., 2004).  This may have been due to lack of power or the fact that AS is not always accompanied by increased systematizing abilities.  

Baron-Cohen, et al. (1998) provide evidence that the autistic brain does indeed possess an extreme form of normal male superiorities rather than solely lacking the abilities that females excel at.  They collected data from college students and compared data from students majoring in math, physics or engineering, with students majoring in English and French.  They found that the first group of students had significantly more relatives with autism than the second group, indicating that superior systematizing abilities are related to autism.  It could be argued that these students’ majors were chosen based solely on a lack of ability in other fields, but the fact that these were student at Cambridge University, a highly competitive institution, indicates that this was more than just a default decision.  

Savant syndrome, “a rare, but spectacular, condition in which persons with various developmental disorders, including autistic disorder, have astonishing islands of ability, brilliance or talent that stand in stark, markedly incongruous contrast to overall limitations,” provides another set of interesting data for the idea of creative genius (Treffert).  Areas of brilliance are most often enhanced memories, mathematical abilities, musical or artistic talent.  Although the cases of savant artistic talent may not align with the theory that autism is a case of an extreme mathematical brain, the idea still holds that possession of outstanding ability in one domain occurs at the expense of others.  CT and MRI scans of the brain do indeed show left hemisphere deficits in autistic savants and savant syndrome can actually be acquired through events that damage the left hemisphere.  Recent research also suggest that savant characteristics can be induced temporarily by disrupting activity in the left side of the brain and can disappear when an autistic individual learns language (Treffert).

In his essay, An Anthropologist on Mars (1995), the neurologist Oliver Sacks describes the inner life of Temple Grandin, a professor at Colorado State University with Asperger’s syndrome.  Sacks discusses his impression upon meeting her:

She introduced me to the secretaries in a somewhat brusque manner, giving me the feeling, once again, of someone who had learned, roughly, ‘how to behave’ in such situations without having much personal perception of how other people felt—the nuances, the social subtleties, involved. 

 This description seems eerily similar to what we should expect out of robots designed to pass Turing’s test for machine intelligence.  Sacks continues:

She had built up a vast library of experiences over the years… they were like a library of videotapes, which she could play in her mind and inspect at any time—‘videos’ of how people behaved in different circumstances.  She would play these over and over again and learn, by degrees, to correlate what she saw, so that she could then predict how people in similar circumstances might act.

Not only does her behavior appear to resemble that of a robot, but the method she uses to go about learning appropriate ways to behave in social situations is exactly the method currently being used to teach robots to approximate human social behavior.  If these analogies are not convincing enough, Grandin comes right out and says, “‘my mind is like a CD-ROM in a computer—like a quick-access videotape.  But once I get there, I have to play that whole part.’”  Sacks, following Grandin’s lead, focuses on the idea that while all individuals with autism lack certain abilities, they are compensated for by opposing strengths.  Grandin, for her part, has played a leading role in the design of state-of-the-art facilities for humane treatment of livestock (Sacks 1995).

Although these studies seem to converge on the idea that intelligence and creativity are indeed two independent capacities, this does not necessarily mean that mathematical and artistic performance are also independent.  Although we typically generalize mathematicians as intelligent and artists as creative it is far from accurate to assume that creativity is unnecessary for the problem-solving process or that art cannot be created logically.  Although the threshold theory of creativity and intelligence would have us believe that the two only have a mutualistic relationship below a certain level, historical examples encourage us to question this assumption.  It would be unreasonable to say that Alan Turing’s accomplishments in the field of mathematics and computer science involved anything less than extreme creativity. The Copenhagen interpretation, formulated by Heissenberg and Bohr, which allows for atoms to be viewed as both particles and waves is nothing other than “the ability to consider two very different perspectives simultaneously,” the exact definition for creativity given by Rothenberg (1999) (as cited by Runco 2004).  

Coming up with a new mathematical theory clearly requires both high logical intelligence and creativity, for when there is no specified goal, a mathematician is solving a dialectic rather than a closed problem because he/she cannot rely on means-ends analysis. According to Alan Turing, “Mathematical reasoning may be regarded rather schematically as the exercise of a combination of two facilities, which we may call intuition and ingenuity.”  How can this be explained by the hypothesis that intelligence and creativity inhibit each other beyond a certain point?  It may just be an incredible rarity when enough brain power exists to compensate for the inhibition, and this is why people aren’t coming up with new mathematical theorems every day.  Or perhaps there is a second threshold after which the two begin to work together once again.  This is certainly an area in need of a great deal of further research and experimentation.

In the scheme of inhibition between artistic creativity and mathematical intelligence, machines seem to take on the role of ultimate mathematical intelligence.  The reason for this may well be that computers do not have to deal with any amount of artistic creativity getting in the way.  Such a conclusion would also have implications for the hopes of creating machines that could imitate humans well enough to be able to pass Turing test.  With the vast amount of mathematical prowess that computers possess today, it is unlikely that they could simultaneously attain a sufficient amount of creativity. Therefore, our greatest hope lies in logically taking a few steps backward where other approaches such as connectionist networks can come into play.
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