Chapter 12

From Curiosity to Creativity
Overview:  Prior to the 1950s, the focus in the study of motivation was on extrinsic forms of motivation; that is, study was focused on how the need to satisfy such primary biological drives as hunger, thirst, and the avoidance of pain aroused and directed behavior and produced learning in the process.  Such forms of motivation have also been referred to as ‘carrot and stick’ motivation, emphasizing the role played by extrinsic rewards (carrot) and punishments (stick) in behavioral arousal and learning.  However, following the work on curiosity and exploratory behavior of researchers such as Harlow and Butler in the 1950s, attention began to be paid to sources other than the traditional biological drives as causes of behavioral arousal, direction, persistence, and learning.  This chapter describes some of the results and theories derived from that early research on curiosity and exploratory behavior, and examines the factors that influence (as well as the relationships that exists between) curiosity, exploration, sensation-seeking, and creativity.  

The following is a summary of the contents of this chapter:

I.  Novelty, Curiosity, and Exploratory Behavior:  Early studies revealed that novelty seemed to trigger curiosity and exploratory behavior, and that repeated exposure to a novel stimulus or situation led to a decrease in these behaviors.  This gave rise to the concept of stimulus complexity as the trigger of curiosity and exploration; where complexity referred to the amount of new information contained in a stimulus, and the curiosity and exploratory interaction triggered by the stimulus was viewed as leading to the extraction or processing of the new information, resulting in the acquisition of adaptive knowledge, skills or competencies.   A brief description of Dember and Earl’s theory of exploratory behavior is given as the prototype of theories derived to explain such behavior.  Their theory assumes that organisms have a need to experience an optimal amount of complexity.  This need will lead them to systematically explore their environments by selecting stimuli slightly more complex than those to which they have become adapted, and, over time, cause them to show a preference for increased stimulus complexity.   The adaptive advantage that such a need provides is discussed from the perspective of evolutionary psychology, and Berlyne’s optimal arousal explanation of exploratory behavior and a study showing that high arousal (anxiety) disrupts exploratory behavior are also briefly described.  That there is a biological contribution to curiosity and exploratory behavior is introduced through a brief review of research that indicates that individual differences in temperaments (such as timidity, openness to experience, and extraversion), that have a strong genetic determinant, influence an individual’s tendency to explore, and that the tendency to explore is the result of the behavioral activation system (BAS) and the behavioral inhibition system (BIS) working in concert.  Temperaments that are characterized by high arousal or anxiety (an active BIS) tend to be disruptive of curiosity and exploratory behavior.  The contribution of learning and cognition is described through a review of a number of studies that suggest that experience with complexity causes the development of complex cognitive structures that provide an awareness of further complexities, which, in turn, result in the development of even more complex cognitive structures, producing a preference for increased complexity with age or experience.  Further, Deci and Ryan’s theory of self-determination is discussed in some detail.  This theory holds that humans have three innate needs: competency, autonomy, and relatedness.  When people have feelings of autonomy (that their behavior is under their own control and not under the control of extrinsic control), they are inclined to engage in intrinsically motivated behavior; that is, they are inclined to seek out novelty and challenge, to extend and exercise their capacities, and to explore and learn (develop competency).   When feelings of autonomy are lacking, intrinsic motivation declines.  Attempts to satisfy the need for relatedness can, under the right circumstances, promote feelings of autonomy (through the internalization of group goals), and thereby, produce or sustain intrinsically motivated behavior.

II.  Sensation Seeking:  This section discusses the work of Zuckerman on sensation seekers, describing sensation seeking as a trait defined by the need for varied, novel, and complex sensations and experiences, and the willingness to take physical and social risks for the sake of such experiences.  The anxiety and fear associated with physical or social risks tends to inhibit exploratory behavior in people low in sensation seeking, but, for high sensation seekers, the heightened arousal associated with fear and anxiety induced by risky behavior seems to increase the pleasure and reinforce the pursuit of such experiences.  The biological contribution to sensation seeking behavior is briefly described: (1) that the level of monoamine oxidase (MAO) in the brain is strongly determined by the genes; (2) that there is negative relationship between sensation seeking and the level of MAO in the brain; and (3) that there is also a negative relationship between the activation of reward centers in the brain (BAS system) and the level of MAO.  Thus, people high in sensation seeking are capable of experiencing greater pleasure or reward from stimulating sensory experiences than low sensation seekers, and therefore, show greater approach behavior and repetition (learning) for such experiences.  The learning and cognitive contribution to sensation seeking is also briefly described: (1) that most thrill-seeking and adventure-seeking activities involve the acquisition of a set of skills (mastery training);      (2) that increases in arousal can increase the intensity of an emotion; and (3) that mastery training produces control over fear, anxiety, and negative thoughts, allowing the heightened arousal of the risky behavior to intensify the pleasure and reinforcement associated with such behaviors. Thus, their perception of personal control in risky situations provides them a means by which they can boost their psychological high.

III.  Creativity:  The overlap between the personality traits of sensation seekers and creative people is described, and the contributions of biology, learning, and cognition to creativity are discussed in some detail.  
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Main Points:
 1.   The early behaviorists suggested that exploratory behavior was learned.

 2.   Various studies have shown that animals and humans are motivated to seek out optimal

       complexity.

 3.   When animals are anxious or emotional, they tend not to seek out novelty or complexity.

 4.   Considerable evidence indicates that the tendency to explore has a genetic basis.  Individuals 

       with a temperamental disposition characterized by low curiosity and exploratory behavior 

       are usually also characterized by high anxiety.

 5.   The preference for complexity increases with age and the degree of previous exposure to 

       various levels of complexity.

 6.   Extrinsic motivation reduces the tendency to explore and undermines intrinsic motivation.

 7.   We can facilitate intrinsic motivation by giving people the freedom to organize tasks as they

       want and by reducing or eliminating competing motives.

 8.   High sensation seekers are motivated by a need for varied, novel, and complex sensations 

       and experiences and are willing to take physical and social risks to get them.

 9.   High sensation seekers have low monoamine oxidase levels, whereas low sensation seekers

       have high monoamine oxidase levels.

 10. High sensation seekers tend to be involved in a wide range of sports, tend to use drugs, to 

       have a variety of sex partners, and to like situations that allow them to behave in an 

       uninhibited manner.

 11. People are motivated to be creative by, in particular, the need for novel, varied, and complex

       stimulation; the need to communicate; and the need to solve problems.

 12. Creativity is defined as the tendency to generate or recognize ideas, alternatives, or 

       possibilities that could be useful in solving problems, communicating with others, and

       entertaining ourselves and others.

 13. Creativity can be increased by a psychological climate that encourages creativity or by

       being forced to have diversifying experiences.

 14. There are four important components of creativity: knowledge, the ability to construct

       images and/or categories, the ability to synthesize, and the willingness to withhold judgment.

 15. Major creative contributions tend to be made by younger people, whereas minor creative

       contributions are more likely to be made by older people.
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Classroom Activities/ Demonstrations/ Discussions:
 1.   Have the class discuss the question of how exam grades affect feelings of autonomy.  

       Do exam or course grades reduce feelings of autonomy?  If so, how?  If exam and/or 

       course grades were abandoned, how would that affect student performance and learning?

       What means of feedback other than grades can students use to accurately evaluated their 

       own mastery of the course materials?

 2.   Have the class discuss whether the autonomy and/or creativity is/are more feasible at 

       different levels of coursework (i.e., at the introductory, intermediate, or advanced course

       levels).  

 3.   Have the class discuss the apparent contradiction that, on the one hand, creativity is 

       associated with an active right prefrontal cortex and positive affect, but, on the other

       hand, studies indicate that left prefrontal activity is associated with positive affect

       while right prefrontal activity is associated with negative affect.

Weblinks:

 1.   For an in-depth read on risk-taking behavior and a discussion from different perspectives,

       see http://www.risktaking.co.uk/introduction.htm. 

 2.   For recent abstracts and links to past and current full articles on the prefrontal cortex and 

       creativity see http://www.ncbi.nlm.nih.gov/entrez/query.fcgi.  Use “prefrontal cortex” and 


       “creativity” or “divergent thinking” as search words.

Questions:

   1.        According to the pre-1950 behaviorist explanation of exploratory behavior,  (p. 333)



     A.  exploratory behavior is systematic from birth.

          *  B.  exploratory behavior is energized by primary drives and is initially random and 

                    becomes efficient through rewards.

              C.  exploratory behavior is different for different drive states.



     D.  exploratory behavior is not dependent upon the presence or satisfaction of

                    biological drives.

              Factual

   2.        Research has shown that curiosity and exploratory behavior  (p. 333)

          *  A.  promote learning.



     B.  do not promote learning. 





     C.  promote learning only when combined with rewards.



     D.  are motivated by drives such as hunger.

              Factual

   3.        The fact that interest in novel stimuli diminished with repeated exposure to the 

              stimulus led researchers to conclude that the motivation to explore  (p. 334)



     A.  is relatively weak.



     B.  does not lead to learning. 

          *  C.  is triggered by novelty



     D.  is triggered by boredom.

              Factual

   4.        The concept of stimulus complexity refers to  (p. 334)

              A.  the predictability of the stimulus.

              B.  the intensity of a stimulus.

          *  C.  the amount of information in a stimulus

              D.  the quality of a stimulus.

              Conceptual

   5.        Humans are inclined to  (p. 334-335)

          *  A.  select a slightly more complex stimulus than the one they previously encountered.



     B.  select the most complex stimulus from an array of stimuli.



     C.  select the stimulus that they found they could completely understand or process.



     D.  select a slightly less complex stimulus than the one they previously encountered.

              Factual

   6.        Robert Earl had children work on block-design puzzles of moderate complexity and 

              then gave them the opportunity to select a new block-design puzzle.  Most children

              selected designs that were  (p. 334)

              A.  of the same complexity as their previous block-designs.

              B.  lower in complexity than their previous block-designs.

              C.  of much greater complexity than their previous block-designs.

          *  D.  slightly more complex than their previous block-designs.

              Factual

W7.       According to the Dember and Earl’s theory of exploratory behavior, individuals 

              will select  (p. 334-335)




     A.  the most complex stimulus.

          *  B.  a stimulus that is slightly above their present level of complexity. 



     C.  a stimulus that corresponds to their present level of complexity.



     D.  either a stimulus that is slightly above their present level of complexity or slightly 

      
     below their present level of complexity.

              Factual

   8.        Dember and Earl’s theory of exploratory behavior assumes that organisms

              are motivated to  (p. 334)

              A.  experience an optimal level of arousal.

              B.  experience an optimal level of pleasure.

              C.  experience an optimal level of familiarity.

          *  D.  experience an optimal level of complexity.

              Factual

   9.        According to Dember and Earl’s theory, exploratory, curiosity, and play behaviors

              tend to be systematically directed toward  (p. 334)

              A.  complexity levels that the subject has become adapted to.

              B.  complexity levels below that to which the subject has become adapted to.

          *  C.  complexity levels above that to which the subject has become adapted to.

              D.  stressful levels of complexity.

              Factual

   10.      _______ and _______ are two important concepts in Dember and Earl’s theory of

              exploratory behavior.  (p. 334)

              A.  Optimal arousal; challenge

              B.  Anxiety; challenge

          *  C.  Pacer range; adaptation level

              D.  Challenge; self-determination

              Factual

   11.      In Dember and Earl’s theory, _______ and _______ can help explain individual 

              differences in preference for certain stimuli over other stimuli.  (p. 334-335)

              A.  optimal arousal; challenge

              B.  anxiety; challenge

          *  C.  pacer range; adaptation level

              D.  challenge; self-determination

              Conceptual

   12.      Implicit in most theories of exploratory behavior is the idea that  (p. 335)



     A.  exploratory behavior has little or no functionality.



     B.  the pattern of exploratory behavior is hardwired.


         C.  exploratory behavior is a remnant of our evolutionary past that no longer serves an    

                    adaptive function.

          *  D.  interacting with stimuli in the environment increases competency.

              Factual

   13.      According to Berlyne's theory of optimal arousal, stimuli that are _______ produce the

              highest positive affect.  (p. 336)



     A.  low in complexity 

          *  B.  moderate in complexity 

              C.  high in complexity



     D.  very high in complexity

              Conceptual

W14.     According to Berlyne's theory, the relationship between arousal and exploratory

              behavior is  (p. 336)

     
     A.  a positive linear relationship.



     B.  a negative or inverse linear relationship.



     C.  a U-shaped relationship.

          *  D.  an inverted U-shaped relationship.

              Conceptual

   15.      According to Berlyne’s theory, the relationship between stimulus complexity and

              exploratory behavior is  (p. 336)

     
     A.  a positive linear relationship.



     B.  a negative or inverse linear relationship.



     C.  a U-shaped relationship.

          *  D.  an inverted U-shaped relationship.

              Conceptual

   16.      In recent years psychologists have come to conceptualize exploratory behavior as



     (p. 336)

          *  A.  a person-environment interaction.



     B.  self-determined.



     C.  hardwired.



     D.  extrinsic motivation.

              Factual

   17.      Anxiety  (p. 337)

          *  A.  tends to inhibit exploratory behavior.



     B.  tends to facilitate exploratory behavior.



     C.  tends to first increase and then decrease exploratory behavior.



     D.  tends to have no affect on exploratory behavior.

              Factual

   18.      When animals are highly aroused or anxious they  (p. 337)

          *  A.  select familiar stimuli.



     B.  seek out novel stimuli.



     C.  explore more cul-de-sacs in a T maze.



     D.  tend to become habituate more slowly to novel stimuli.

              Conceptual

W19.     High arousal (versus moderate or low arousal)  (p. 337)

          *  A.  tends to inhibit exploratory behavior.



     B.  tends to facilitate exploratory behavior.



     C.  tends to first increase and then decrease exploratory behavior.



     D.  tends not to affect the tendency to gather information about the environment.

              Factual

   20.      Uninhibited versus inhibited children  (p. 338)

          *  A.  are more inclined to approach an unfamiliar object.



     B.  are less inclined to approach an unfamiliar object.



     C.  are equally inclined to approach an unfamiliar object.



     D.  show greater anxiety when placed in an unfamiliar environment.

              Factual

   21.      Which of the following system(s) is/are involved in exploratory behavior?  (p. 339)



     A.  the behavioral activation system (BAS)



     B.  the behavioral inhibition system (BIS)



     C.  the fight-flight system

          *  D.  the behavioral activation system (BAS) and the behavioral inhibition system (BIS)

              Factual

   22.      Among other things, the BIS system  (p. 339)

     A.  compares actual and expected.



     B.  becomes activated when things are unexpected.



     C.  becomes activated when there is novelty.

          *  D.  all of these.

              Factual

   23.      The effect of anxiety on exploratory behavior is probably due to  (p. 339)  

              A.  the activation of the left prefrontal cortex.

              B.  the activation of the BAS.

          *  C.  the activation of the BIS.

              D.  the activation of the fight-flight system.

              Conceptual

   24.      The initial lack of exploratory behavior shown by timid children in unfamiliar

              environments is likely due to  (p. 339)

              A.  the activation of the left prefrontal cortex.

              B.  the activation of the BAS.

          *  C.  the activation of the BIS.

              D.  the activation of the fight-flight system.

              Conceptual

   25.      Younger as compared to older children  (p. 339)



     A.  are not affected as greatly by restricted sensory stimulation.



     B.  are less motivated to seek out new and varied stimulation. 

          *  C.  prefer less complex stimulation.



     D.  prefer more complex stimulation.

              Factual

W26.     Older as compared to younger children  (p. 339)



     A.  are not affected as greatly by restricted sensory stimulation.



     B.  are less motivated to seek out new and varied stimulation. 



     C.  prefer less complex stimulation.

          *  D.  prefer more complex stimulation.

              Factual

   27.      In the Smith and Dorfman study, one group of subjects was exposed to a low 

              complexity stimulus, a second group to a moderate complexity stimulus, 

              and a third group to a high complexity stimulus.  The subjects in each

              complexity group were further divided into four subgroups that were exposed

              to the stimulus  1, 5, 10, or 20 times.  The results indicated that  (p. 339-340)



     A.  liking for the low complexity stimulus decreased with repeated exposure. 



     B.  liking for the high complexity stimulus increased with repeated exposure. 

              C.  liking for the moderate complexity stimulus increased and then decreased 

                    with repeated exposure.

          *  D.  all of these.

              Factual

   28.      It has been found that art students as compared to non-art students  (p. 340)

              A.  prefer more simple stimuli.

          *  B.  prefer more complex stimuli.



     C.  are more emotional which leads them to select more complex stimuli.



     D.  are less emotional which leads them to select more simple stimuli.

              Factual

   29.      Self-determination theory argues that humans have three innate needs.  Which of

              the following is not one of those needs?  (p. 340)

          *  A.  curiosity

              B.  competence

              C.  relatedness

              D.  autonomy

              Factual

   30.      According to ‘self-determination theory’, “before people can experience a sense of

              competency they must experience feelings of   (p. 340)

              A.  humility.  

              B.  relatedness.  

              C.  self-efficacy.  

          *  D.  autonomy.

              Factual

   31.      ________ refers to behavior ‘free of external controls’.  (p. 340-341)

              A.  Competency  

          *  B.  Autonomy  

              C.  Extrinsic behavior  

              D.  Relatedness

              Factual

   32.      When autonomy is encouraged  (p. 341)



     A.  intrinsic motivation is increased.



     B.  curiosity is increased.



     C.  the tendency to seek out challenge is increased.

          *  D.  all of these.

              Conceptual

   33.      Extrinsic rewards, such as money,  (p. 341)



     A.  increase intrinsic motivation.

          *  B.  reduce feelings of autonomy.



     C.  increase feelings of relatedness.

              D.  increase intrinsic motivation and reduce feelings of autonomy.

              Conceptual

   34.      One way of getting around the problems associated with extrinsic rewards 

              is to  (p. 341-342)



     A.  increase monetary reward.



     B.  decrease monetary reward.

          *  C.  give greater autonomy.



     D.  challenge competency.


              Conceptual

W35.     Autonomy means to  (p. 340-342)

     A.  have a sense of choice.



     B.  have a sense of volition.



     C.  have a sense of commitment.

          *  D.  have a sense of choice and volition.

              Conceptual

   36.      A sense of relatedness  (p. 341-342)



          *  A.  provides the motivation for internalizing values of the group.



     B.  provides the motivation for engaging in exploratory behavior.



     C.  provides the motivation for self-determination.



     D.  is necessary to experience autonomy.

              Factual

   37.      According to self-determination theory, a ‘sense of relatedness’ can often 

              give rise to feelings of autonomy through  (p. 341)

              A.  the development of competency.  

          *  B.  the process of internalization.

              C.  feelings of being loved.  

              D.  increasing the pleasure of exploration.

              Conceptual

   38.      Sensation seeking is characterized by  (p. 342)



     A.  the need for varied, novel and complex stimulation.



     B.  the need for constant, familiar, and predictable stimulation.

              C.  the willingness to take physical and social risks for the sake of 

                    varied, novel, and complex experiences.

          *  D.  the need for varied, novel and complex stimulation and the willingness to take

                    physical and social risks for the sake of such experiences.

              Factual

   39.      Sensation seeking behavior differs from exploratory behavior in that  (p. 342)

              A.  high arousal inhibits sensation seeking behavior but does not inhibit exploratory 

                    exploratory behavior.

          *  B.  high arousal inhibits exploratory behavior but does not inhibit sensation seeking

                    behavior.

              C.  high arousal enhances exploratory behavior but has no effect on sensation seeking

                    behavior.

              D.  high arousal enhances sensation seeking behavior but has no effect on exploratory

                    behavior.

              Conceptual

   40.      High sensation seekers  (p. 343)

          *  A.  have low monoamine oxidase levels.



     B.  have high monoamine oxidase levels.



     C.  do not differ from other people in terms of their monoamine oxidase levels.



     D.  are characterized as having highly reactive behavioral inhibition systems.

              Factual

   41.      The impulsiveness of sensation seekers seems to be linked to  (p. 343)

              A.  norepinephrine.

          *  B.  serotonin.

              C.  acetylcholine.

              D.  none of these.

              Factual

   42.      Punishing the sensation seeking motive  (p. 343-344)



     A.  increases it.

          *  B.  may play a role in giving it direction.





     C.  leads to a more antisocial expression of it.



     D.  increases it and may play a role in giving it direction.

              Conceptual

W43.     Sensation seekers  (p. 346)



     A.  don't like parties.



     B.  like quiet parties.

          *  C.  like uninhibited parties.



     D.  like structured parties.

              Factual

   44.      High sensation seekers  (p. 346)



     A.  like to make decisions.



     B.  like to make decisions quickly.



     C.  abandon plans that are not working.

          *  D.  all of these.

              Factual

   45.      High sensation seekers are more likely to  (p. 347)

          *  A.  self-disclose.



     B.  commit to long term relationships.



     C.  marry low sensation seekers.



     D.  all of these.

              Factual

   46.      Creativity is motivated by  (p. 347-348)



     A.  a need for novel, varied, and complex stimulation.



     B.  a need to communicate ideas and values.



     C.  a need to solve problems.

          *  D.  all of these.

              Factual

W47.     Creativity has been linked to  (p. 348)

     A.  an active left prefrontal cortex.

          *  B.  an active right prefrontal cortex.



     C.  an active visual cortex.



     D.  active temporal lobes.

              Factual

   48.      It has been suggested that elevated dopamine levels in the cingulate gyrus produce

    (p. 348)

          *  A.  flexible thinking.



     B.  rigid thinking.



     C.  random thinking.



     D.  automatic thinking.

              Factual

   49.      Creativity appears to have its roots in the ________.  (p. 349)

          *  A.  behavioral activation system (BAS)

              B.  behavioral inhibition system (BIS)

              C.  amygdala

              D.  hypothalamus

              Factual

   50.      It has been found that creativity is arises out of  (p. 349)



     A.  an active left prefrontal cortex.



     B.  special cognitive processes.

          *  C.  ordinary cognitive processes.



     D.  learned behaviors.

              Factual

W51.     Creative people are characterized by  (p. 349)



     A.  independence.



     B.  openness to new experiences.



     C.  the tendency to take risks.

          *  D.  all of these.

              Factual

   52.      Learning theorists suggest that creativity can be viewed as  (p. 350)



     A.  generalization.



     B.  inhibition.

          *  C.  disinhibition.



     D.  behavioral coping.



              Factual

   53.      It has been shown that when it is made clear to people that creativity is expected 

              they will perform better on  (p. 350)



     A.  convergent-thinking measures.



     B.  analytical problems.

          *  C.  divergent-thinking measures.



     D.  all of these.

              Factual

   54.      It has been shown that creative scientists were  (p. 352)



     A.  subjected to less structure and discipline.



     B.  raised by parents that encouraged an openness to experience.



     C.  taught to obey rules.

          *  D.  subjected to less structure and discipline and raised by parents that encouraged



           an openness to experience.

              Factual

   55.      Adversity can cause people to become creative because  adversity often motivates 

              people to  (p. 351)



     A.  view things in a new way.



     B.  persist.



     C.  think rationally.

          *  D.  view things in a new way and persist.

              Factual

   56.      Creative individuals come from families characterized by  (p. 351-352)



     A.  high intellectual values.



     B.  high structure and discipline.



     C.  low structure and discipline.

          *  D.  high intellectual values and low structure and discipline.

              Factual

   57.      Later-born as compared with first-born children  (p. 352)



     A.  tend to be characterized by openness to experience.



     B.  tend to be unconventional.



     C.  tend to be rebellious.

          *  D.  all of these.

              Factual

W58.      Which of the following is/are important ingredients of creativity?  (p. 352-354)



     A.  delineating the problem



     B.  having knowledge



     C.  having the ability to synthesize

          *  D.  all of these 

              Factual

   59.      The method of deliberately speeding up the process of finding redundancy 

              (deliberately activating patterns in the brain) has been called  (p. 354)



     A.  vertical thinking.



     B.  horizontal thinking.

     
     C.  downward thinking.

          *  D.  lateral thinking.

              Factual

   60.      Synthesis can be thought of as a process that  (p. 354)



     A.  involves delineation of a problem.

          *  B.  identifies redundancy.



     C.  ensures openness to experience.



     D.  enables us to suspend judgment.

              Conceptual

   61.      Suspension of judgment is thought to be important because  (p. 355)

          *  A.  making a judgment stops the creative process.



     B.  making a judgment redirects the creative process.



     C.  it activates the self-referent system.



     D.  it helps provide focus. 

              Factual

W62.     It has been shown that getting people to make ________ is a good way to enhance 

              creativity. (p. 355)





     A.  reverse associations



     B.  forward associations

          *  C.  remote associations



     D.  all of these

              Factual

   63.      It has been found that most major creative  contributions are made by people in 



     (p. 355-356)



     A.  their later years. 



     B.  childhood.



     C.  middle age.

          *  D.  young adulthood. 

              Factual
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