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1.1. INTRODUCTION 
 
     Gino and Ariely (2012) summarised the areas of  
research in psychology on creativity as: 
 
� Evaluation of creativity - ie: definition and 

measurement. 
� Cognitive and motivational processes that lead to 

creative ideas. 
� Factors that aid creative problem-solving. 
� Personality types and creativity. 
 
     Problem-solving and creativity can occur by an alysis 
or insight. "Analysis entails the application of 
knowledge and logic to the situation at hand, typic ally 
resulting in the solution being worked out incremen tally. 
In contrast, solution through insight often comes a bout 
as a surprise to the individual, perhaps because in sight 
is brought about through processes outside of consc ious 
awareness and control..." (Weisberg 2013 p1). 
     Those who view insight as a "special-process" to 
analysis vary from researchers who feel insight is a 
variation on analysis ("business-as-usual") (Weisbe rg 
2013). 
 
     Problem-solving and creativity by insight with  the 
"Aha!" or "Eureka!" moment was first introduced by 
Gestalt psychologists at the beginning of the twent ieth 
century (eg: Koffka 1935) 1.   
     They outlined the stages of the insight experi ence 
as: 
 
     a) Impasse - A feeling of no hope of solution as 
traditional methods have failed, and all possibilit ies 
have been exhausted. 
 
     b) Restructuring of the problem - Because of t he 

1  "A sudden comprehension that solves a problem, reinterprets a situation, explains a joke, or resolves 
an ambiguous percept" (Kounios and Beeman 2009). 
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impasse the individual conceptualises the problem i n a 
different way. 
 
     c) "Aha!" moment - A solution suddenly comes t o 
mind. 
 
     d) Certainty - Without testing it, there is th e 
feeling that insight has produced a solution to the  
problem 2. 
 
     While Wallas (1926/1970) produced a stage mode l of 
the creative process based on interviews with highl y 
creative individuals - preparation, incubation, 
intimation (a feeling that the problem is about to be 
solved), and illumination ("Aha!" moment). Much foc us has 
been on the stage of incubation, and what can be do ne to 
aid it. Some researchers suggested that simply taki ng a 
break from the activity is key, while others disagr ee, as 
in whether an "Aha!" moment is necessary (Fryer 201 2). 
 
 
1.2. MEASUREMENT ISSUES 
 
     Fryer (2012) asserted: "One can think of the 
measurement of creativity on two levels. The first 
concerns pure research, in which the aim is to make  
discoveries that can usefully contribute to the bod y of 
knowledge in this field. The second concerns applie d 
research — using what is known about the nature 
and development of creativity to evaluate, for exam ple: 
human performance and achievements, education and 
training, and contextual and environmental factors"  
(p21). 
 
     Insight in the laboratory is often tested usin g 
compound-remote-associate (CRA) problems (Mednick 1 962) - 
eg: what word is common to pine, crab, and sauce? 3 
(Weisberg 2013). 
 
     Neuroimaging studies tend to record brain acti vity 
using insight to solve problems and compare it with  using 
analysis. After subtracting the latter, the locatio n of 
insight in the brain is left. Weisberg (2013) criti cised 
this idea because, for example, it is difficult to 
isolate the two methods of problem-solving and 
creativity. 
  
     Fryer (2012) outlined two key problems with 
measuring both types of creativity: 
 

2  However, it is possible to have false insight (Weisberg 2013). 
3  Answer = apple. 
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     a) Creativity is a multi-dimensional "fuzzy co ncept" 
- but "no more difficult to address than any other fuzzy 
concept", like play or love.  
     Besemer and Treffinger (1981), for example, fo und 
125 criteria for assessing creative 4 work which were 
reduced to three categories - novelty (ie: original ity), 
resolution (ie: how well the solution fits the prob lem), 
and elaboration and synthesis (ie: combination of " unlike 
elements"). 
 
     b) Unchallenged assumptions about creativity -  eg: 
"that originality is a necessary criterion of 
creativity". The assumptions held will influence th e 
research questions posed. 
 
 
1.3. CREATIVITY AND MENTAL ILLNESS 
 
     The link between mental illness and creativity  is 
established in the popular imagination, and is part ly 
supported by research. For example, mania is associ ated 
with better creative performance (eg: more and orig inal 
ideas to solve problems) and depression with poorer  
performance (eg: Ghadirian et al 2001).  
     Schizophrenic spectrum disorders also show a v aried 
relationship with creativity. Individuals with 
schizophrenia are less creative, but those with 
schizotypal personality disorder are more creative 5. 
However, the definition of creativity varies betwee n 
studies (eg: "artistic creativity" or "everyday 
creativity") (Rodrigue and Perkins 2012).  
 
     Consequently, Rodrigue and Perkins (2012) focu sed on 
divergent thinking - defined as "the use of generat ive, 
flexible responses that redefine or elaborate on an  
existing problem or idea. They compared twenty-two adult 
outpatients with schizophrenia from a psychiatric 
hospital in Lafayette, Louisiana, USA, with thirty 
students at the local university with a high schizo typy 
score and thirty students with a low schizotypy sco re 
(control group) on the Millon Clinical Multi-axial 
Inventory-III (MCMI-III) (Millon et al 1997) 6.  
     Divergent thinking was measured by the Abbrevi ated 
Torrance Test for Adults (ATTA) (Goff and Torrance 2002). 
This involved three sessions of three minutes in wh ich to 

4  Distinctions can be made between creative work, creative behaviour, and the creative process, for 
example (Fryer 2012). 
5  Both groups experience magical or bizarre thinking (which can be associated with creativity), but 
individuals with schizophrenia also have other cognitive problems (eg: related to memory and attention) 
which limit creativity (Rodrigue and Perkins 2012). 
6  These students were the extreme scorers from a pool of 359 undergraduates on an introductory 
psychology course. 
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give solutions to a problem (that are scored on cri teria 
like originality and flexibility producing a creati vity 
index).  
     The outpatients had a significantly lower crea tivity 
index score than the other two groups, but, contrar y to 
predictions, there was no difference between the tw o 
groups of students. Rodrigue and Perkins (2012) adm itted 
that the outpatients and students were not matched for 
age or educational level, nor did the researchers c ontrol 
for medication among the schizophrenia sufferers. A lso 
the different student groups were based on a self-
reported questionnaire. 
  
 
1.3.1. Eccentricity 
 
     High creativity can go hand in hand with 
eccentricity. The connection may be via schizotypal  
characteristics like "magical thinking", unusual 
perceptual experiences, mild paranoia, and solitari ness 
(Carson 2011a). 
     Such characteristics may be inherited. Kinney et al 
(2001), for example, found these types of behaviour  among 
thirty-six adopted offspring of biological parent(s ) with 
schizophrenia as compared to adoptees from non-
schizophrenic biological parents. The individuals s howing 
schizotypal characteristics were higher scorers on the 
measures of creativity. 
     The "shared vulnerability" (Carson 2011b) of 
schizotypal characteristics/eccentricity and creati vity 
has the underlying mechanism of cognitive disinhibi tion. 
This is the "failure to ignore other information th at is 
irrelevant to current goals or to survival" (Carson  2011a 
p25). Usually cognitive filtering or inhibition is a 
helpful way to cope with the amount of sensory 
information, but not so for creativity. 
     Carson et al (2003) found more cognitive 
disinhibition among creative than non-creative 
individuals using a latent inhibition task. This me asures 
the ability to ignore distractions.  
     Other key characteristics are high intelligenc e and 
high working-memory capacity (Carson 2011a). 
     Other brain differences in creative individual s 
include less dopamine (D2) receptors in the thalamu s (eg: 
de Manzano et al 2010), or genetic differences (eg:  
neuregulin 1 gene; Keri 2009) 7. Both these differences 
have been found in individuals with schizophrenia ( carson 
2011a). 
      
     Creativity often involves insight or the "Aha! " 

7  Murphy et al (2013) felt that the genes related to dopamine had more to do with verbal fluency than 
originality (which is a better indicator of creativity). 
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experience. Electroencephalography (EEG) measures o f 
brain activity show a period of alpha brainwaves be fore 
the moment of insight and then a burst of gamma 
brainwaves at the "Aha!" moment (eg: Kounios and Be eman 
2009) 8. The alpha waves suggest that the brain is 
focusing on internally generated stimuli rather tha n 
externally stimuli (Carson 2011a). 
 
 
1.4. TIME OF DAY 
 
     Over a 24-hour period there are many physiolog ical 
changes including, for example, to body temperature  or 
digestion. These are known as the circadian rhythms . 
There are also differences in alertness or arousal.  The 
most obvious being between sleep and wakefulness. 
     Cognitive functions like attention, memory, an d 
decision-making have been found to vary between 
individuals over the day. These functions are bette r 
during peak arousal. So "morning types" ("larks"), who 
have peak alertness in the morning, perform best on  
cognitive tasks then as compared to in the afternoo n and 
evening, while "evening types" ("owls") perform bes t in 
the afternoon or evening ("synchrony effect") (Wiet h and 
Zacks 2011). 
 
     Wieth and Zacks (2011) showed that problem-sol ving 
performance can vary between the optimal and non-op timal 
times of the day depending on the type of task. Pro blems 
requiring insight to solve them are performed bette r at 
the non-optimal times (eg: by "morning types" in th e 
evening), while analytic problems are best solved a t the 
optimal time of the day (eg: "evening types" in the  
evening).  
     Wieth and Zacks (2011) used 428 US students in  
Michigan in their quasi-experiment 9. All participants 
attempted three insight problems and three analytic  
problems (table 1.1) with four minutes allowed for each 
one 10. Participants were tested either in the morning 
(between 8.30 - 9.30am) or in the afternoon (betwee n 4 -
5.30pm). The problems were scored as correct (1) or  not 
(0) 11. 

8  Kounios and Beeman (2009) pointed out from their work: "Although the experience of insight is 
sudden and can seem disconnected from the immediately preceding thoughts, these studies show that 
insight is the culmination of a series of brain states and processes operating at different time scales" 
(p210). The researchers reported distinct patterns of brain activity about one second before solving 
problems by insight which were not seen in solving problems analytically. The patterns suggested the 
priming of the brain. 
9  It is a quasi-experiment because participants could not be randomised into morning or evening type. 
10  The order of the six problems was randomised between participants to deal with order effects. 
11  The experimental design was a mixed independent (time of day) and repeated measures (type of 
problems). 
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� Insight: Prisoner problem 
 
A prisoner was attempting to escape from a tower. H e found in his 
cell a rope that was half long enough to permit him  to reach the 
ground safely. He divided the rope in half, tied th e two parts 
together, and escaped. How could he have done this?  
 
 
� Analytic: Age Problem 
 
Bob's father is 3 times as old as Bob. They were bo th born in 
October. 4 years ago, he was 4 times older. How old  are Bob and his 
father? 
 
Table 1.1 - Example of problems used by Wieth and Z acks 
(2011). 
 
 
     Then the participants completed the Morningnes s-
Eveningness Questionnaire (MEQ) (Horne and Ostberg 1976), 
which is a self-reported measure of the optimal tim e of 
day (table 1.2). From the scores, the participants were 
divided into groups for analysis: "evening types" ( n = 
195), and "morning types" (n = 28) ("chronotypes") with 
the remainder in the middle (n = 205).    
 
 
 
� Approximately what time would you get up if you wer e entirely free 

to plan your day? 
 
      (5) 5 - 6.30am  
      (4) 6.30 - 7.45am 
      (3) 7.45 - 9.45am 
      (2) 9.45 - 11am 
      (1) 11am - noon 
 
 
� Approximately what time would you go to bed if you were entirely 

free to plan your evening? 
 
      (5) 8 - 9pm 
      (4) 9 - 10.15pm 
      (3) 10.15pm - 12.30am 
      (2) 12.30 - 1.45am 
      (1) 1.45 - 3am 
 
Higher score = morning type. 

 
Table 1.2 - Two items from the MEQ. 
 
 
     The number of correct solutions to insight pro blems 
was significantly better for both morning and eveni ng 
types at the non-optimal time of the day (42% vs 33 % 
correct at the optimal time), but there was no diff erence 
in time of day for the analytic problems (47% corre ct at 
the optimal time of the day vs 43% at the non-optim al 
time) (table 1.3). At the non-optimal time of the d ay, 
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individuals are less focused which gives the opport unity 
for an "Aha" experience needed with insight problem s 
(Rodriguez 2012). It seems that individuals are les s able 
to ignore distractions during the non-optimal phase , 
which is a disadvantage for analytic problems requi ring 
concentration, but an advantage for insight problem s if 
the mind can wander. 
 
 

 
 
Table 1.3 - Different chronotypes and problem-solvi ng 
found by Wieth and Zacks (2011). 
 
 
 
1.5. DARK SIDE OF CREATIVITY 
 
     Individuals, organisations, and societies have  
always and do benefit from new ideas and creative 
thinking. However, Gino and Ariely (2012) pointed o ut the 
"hidden cost" of creativity - namely increased dish onesty 
or unethical behaviour. Creativity depends on diver gent 
thinking (the ability to produce multiple solutions  to a 
particular problem) and cognitive flexibility ("the  
ability of individuals to restructure knowledge in 
multiple different ways depending on changing situa tional 
demands"; Gino and Ariely 2012). These components a re 
involved in the ability to produce self-serving 
rationalisations (ie: justifications) for cheating,  
dishonesty, or unethical behaviour. Faced with ethi cal 
dilemmas, for example, individuals manage the desir e to 
maximise self-interest while maintaining a positive  view 
of themselves through those rationalisations (Mead et al 
2009). "Such self-serving justifications can help 
individuals convince themselves that their behaviou r is 
in fact morally appropriate and, as a result, that there 
is no need to negatively update their moral self-im age. 
As a result, any situation in which there is room t o 
justify potential dishonest or self-interested beha viour 
is likely to promote dishonesty..." (Gino and Ariel y 2012 
446). 
     For example, Snyder et al (1979) offered 
participants individually the opportunity to watch a film 
in one of two rooms - either with an individual wit h a 
physical disability or with an able-bodied individu al. 
Where the same film was shown in both rooms, the 
participants were more likely to sit with the forme r. But 

Chronotype Optimal 
time of 
the day 

Best at 
solving 
insight 
problems 

Best at 
solving 
analytic 
problems 

Morning AM PM no difference 

Evening PM AM no difference 
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if the films were different, the participants were more 
likely to choose to sit with the able-bodied indivi dual, 
and justified the behaviour afterwards by saying th at 
they preferred that film (table 1.4).  
 
 
      Snyder et al (1979) were interested in "detec ting motives that 
people wish to conceal": "The strategy involves ask ing people to 
choose between two alternatives, one of which accid entally happens to 
satisfy the motive that we suspect is present but h idden. For 
instance, we think that most people wish to avoid c ontact with the 
physically handicapped but do not want to admit it.  If we give a 
person a choice between sitting next to a handicapp ed person or 
sitting beside a normal one, he may choose the hand icapped so as to 
conceal his desire to avoid. However, if we ask a p erson to choose 
between two movies, one of which apparently by acci dent happens to 
entail sitting next to a handicapped person, the ot her next to a 
normal, he can avoid the handicapped while appearin g to exercise a 
preference for a movie" (p2297). 
      The researchers recruited 24 individuals at D artmouth College, 
New Hampshire, USA, under the cover story of a stud y of people's 
reactions to old silent comedy films. Half the part icipants were 
given the choice of watching the same film in one o f two rooms - 
either with a male confederate wearing a metal leg brace ("physically 
disabled") or not (able-bodied). This was the "same  movie" condition. 
In the "different movie" condition, different films  were in each room 
("slapstick" or "sad clowns"), and this was counter balanced (ie: half 
the time "slapstick" was shown in the room with the  "disabled" 
confederate and half the time it was "sad clowns").  
      In the "same movie" condition, 58% (7 of 12) of participants 
sat in the room with the "disabled" individual comp ared to 17% (2 of 
12) in the "different movie" condition (p<0.05). 
 
Table 1.4 - Details of Snyder et al (1979). 
 
 
 
1.5.1. Experiments by Gino and Ariely (2012) 
 
     Gino and Ariely (2012) showed the "dark side o f 
creativity" in five experiments. They proposed thre e 
hypotheses: 
 
1. Creativity will be positively associated with 
dishonest behaviour on ethical dilemmas. 
 
2. This relationship will hold for dispositional 
creativity and in situations encouraging creativity . 
 
3. Creativity is linked to dishonest behaviour by t he 
ability to self-justify such behaviour (ie: via mor al 
flexibility). 
 
     Gino and Ariely (2012) began with a pilot stud y to 
see if individuals working in highly creative jobs were 
more morally flexible than those in non-creative jo bs. 
Ninety-nine employees in an advertising agency in t he 
southern USA rated the level of creativity required  in 
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their jobs (out of 10), and self-rated for eight 
ethically questionable behaviours (eg: "take home o ffice 
supplies from work") (out of 7). There was a signif icant 
positive correlation between creativity and likelih ood to 
behave dishonestly. This was preliminary evidence ( from a 
non-experimental study) of hypothesis 1. 
 
 
     Experiment 1 
 
     This experiment investigated the relationship 
between creative personality and dishonest behaviou r. 
Ninety-seven students from the southeastern USA com pleted 
three questionnaires about creativity (table 1.5) o nline 
one week before taking three tests described as mea sures 
of problem-solving and perception (table 1.6). Each  test 
had the opportunity to cheat.  
 
 
� Creative Personality Scale (Gough 1979) - individua ls choose from 

a list of thirty adjectives those that best describ e them (eg: 
insight, inventive). 

� Creative Behaviour Inventory (Hocevar 1980) - indiv iduals score 
seventy-seven activities that they have or do engag e in as 
adolescents or adults (eg: painting an original pic ture).  

� Creative cognitive style (Kirton 1976) - five items  rated on 
seven-point scale (eg: "I prefer tasks that enable me to think 
creatively"). 

 
Table 1.5 - Three questionnaires about creativity u sed in 
Experiment 1. 
 
 
     Using individual measures, and overall, an 
individual's creativity was significantly positivel y 
associated with cheating (table 1.6). 
 
 
 
1. Perceptual task - a number of dots were flashed on a screen 
divided into two halves. Individuals had to say whi ch half had more 
dots. But the participants received a greater rewar d for right side 
than the left having more dots. The instructions we re ambiguous, such 
that participants could cheat and say the right sid e irrelevant of 
the correct answer.  
 
2. Problem-solving task - participants had five min utes to complete 
twenty visual problems (which was not enough time).  Then they wrote 
the number completed on a score sheet (with a small  monetary reward 
for each problem solved). The participants could li e about the number 
completed as it appeared that experimenters would n ot know (but 
actually there was a unique code number to allow ch ecking).  
 
3. Multiple-choice task - participants answered fif ty questions like 
"how far can a kangaroo jump", and then copied thei r answers on to a 
sheet with the correct answers visible.  
 
Table 1.6 - Three tasks used in Experiment 1. 
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(Data from Gino and Ariely 2012 table 2) 

 
Table 1.6 - Significant correlations between measur es of 
creative personality and cheating on tasks in Exper iment 
1. 
 
 
     Experiment 2 
 
     This experiment investigated whether a situati on 
encouraging creativity leads to dishonest behaviour . One 
hundred and eleven more undergraduates from the 
universities in Experiment 1 were randomly assigned  to a 
condition that encouraged creativity or not (indepe ndent 
groups design). Creativity was encouraged by a prim ing 
task 12 - ie: unscramble twenty sentences (of which twelve  
contained words related to creativity). The control  group 
had twenty sentences without any creative words.  
     Dishonest behaviour was measured by cheating o n the 
problem-solving task from Experiment 1. Participant s in 
the creative priming condition overstated the numbe r of 
problems solved significantly more than those in th e  
control group (mean: 2.71 vs 1.09; p<0.01), and 
significantly more participants in this group overs tated 
their performance (49% vs 27% respectively; p<0.05) . 
 
 
     Experiment 3 
 
     This experiment investigated the likelihood of  
dishonest behaviour by varying the opportunity to j ustify 
it. Where there is less room to manoeuvre, more mor al 
flexibility (ie: creativity) will be need to justif y 
dishonest behaviour. One hundred and forty-five 
individuals from a city in northeastern USA were to  
privately roll a die and report the number. Differe nt 
rewards were given depending on the number - ie: mo re 
money for a higher number. In the low-justification  
condition, participants rolled the die once, and in  the 

12  For example, Fitzsimons et al (2008) found that participants shown the logo for Apple computers 
(associated with creativity) were more creative on subsequent problem-solving tasks than participants 
seeing the IBM logo or no logo. 

 Creative 
Personality 
Scale 

Creative 
Behaviour 
Inventory 

Creative 
Cognitive Style 

Problem-solving 
task 

+0.53 +0.42 +0.35 

Multiple-choice 
task 

+0.31 +0.25 +0.25 

Perceptual task +0.33 +0.25 +0.23 
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high-justification condition, they rolled it a few times 
to check it was a legitimate die but still reported  the 
first roll. It was predicted that more creativity w ould 
be associated with cheating in the low-justificatio n 
condition because there was less room to manoeuvre,  and 
thus needed more moral flexibility to justify the 
cheating. 
     In the high-justification condition, there was  no 
significant difference between creative and non-cre ative 
individuals (based on priming) in reporting the num ber on 
the die (mean number self-reported - 5 vs 4.5). But  in 
the low-justification condition, creative individua ls 
were significantly more likely to report a higher n umber 
(5 vs 3.5; p<0.001). 
 
 
     Experiment 4 
 
     This experiment was the same as the previous o ne but 
measures of creative personality were compared on t he die 
rolling task. One hundred and fifty-nine individual s in a 
city in southeastern USA completed the three 
questionnaires about creativity from Experiment 1 o nline 
one week before die rolling. Dispositional creativi ty was 
significantly associated with a self-reported highe r 
number on the die in the low-justification conditio n 
(p<0.001) (and in the high-justification condition this 
time; p<0.01). 
 
 
     Experiment 5 
 
     This experiment combined the measures of 
dispositional creativity from Experiment 1 with the  
design of Experiment 2. One hundred and eight stude nts in 
the southeastern USA were divided into four conditi ons 
based on online questionnaire responses about creat ive 
personality and the priming task for creativity - 
creative personality/creative priming, creative 
personality/neutral priming, non-creative personali ty/ 
creative priming, and non-creative personality/neut ral 
priming. 
     Individuals low on dispositional creativity wh o were 
primed to be creative were more likely to cheat, bu t not 
for individuals high on dispositional creativity pr imed 
to be creative (table 1.7). 
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(Data from Gino and Ariely 2012 figure 5) 

 
Table 1.7 - Approximate mean extent of cheating (ou t of 
5) in Experiment 5. 
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2.1. INTRODUCTION 
 
     Human anatomical asymmetries describe differen ces 
between the two sides of the body, as seen most not ably 
in the brain with hemisphere specialisation (eg: le ft 
hemisphere and speech production and perception 13; right 
hemisphere and spatial cognition). Corballis (2009)  
observed: "The asymmetry of the brain raises someth ing of 
a paradox, since, in most respects, the brains and bodies 
of most organisms, including humans, are strikingly  
bilaterally symmetrical. As Palmer (2004) put it, 
bilateral symmetry is the default condition... Any 
sensory asymmetry would create an increased risk of  
predation from the weaker side" (p867).  
 
 
2.2. HANDEDNESS 
 
     Behavioural asymmetries are the manifestation of the 
differences in the brain as in handedness. 
     About 10% of men and 5% of women are left-hand ed, 
while the remainder are right-handed to some degree  
(including mixed-handedness) 14, but it depends how 
handedness is measured (Hartley 1998): 
 
     i) Tasks - eg: writing, throwing 15. 

13  Techniques that deactivate a hemisphere (for example with drugs) have found that when it is the left 
hemisphere, speech and language is disrupted leading to the estimate that language is a left hemisphere 
dominant ability in about 97% of right-handed individuals, but in only 60% of left-handed ones (Nettle 
2004). Fitch and Braccini (2013) estimated 96% of right-handers have left hemisphere language 
dominance compared to 76% of left-handers. But neuroimaging  has shown how subtle linguistic 
abilities involve the right hemisphere (eg: understanding of analogies) (Fitch and Braccini 2013).   
14  For example, in a survey of over one million people in the USA, 89.9% of men and 92.4% of women 
used their right hand for throwing (Gilbert and Wysocki 1992). Depending on the study, the range is 
85-95% of humans as right-handed (Fitch and Braccini 2013).  A right-handed majority has been 
inferred from archaeological skeletons and stone tools as dating from 300 000 - 400 000 years ago 
(Llaurens et al 2009). 
15  The task chosen is key to measuring handedness. "For example, if one wants to assess handedness in 
the context of the hypothesis of a frequency-dependent advantage of left-handers in fights, tasks should 
be related to fighting actions. If the aim is to examine brain lateralization related to language, writing 
handedness is more relevant" (Llaurens et al 2009 p882). 
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     ii) Questionnaires - simple questions about wh ich 
hand used or more complex questionnaires. For examp le, 
the Crovitz-Zener Scale (Crovitz and Zener 1962) or  the 
Edinburgh Handedness Inventory (Oldfield 1971). The  
former has fourteen activities to which the respond ent 
chooses "right hand always", "right hand most of th e 
time", "both hands equally often", "left hand most of the 
time", or "left hand always". The responses are 
transformed into a scale ranging from 14 (always us ing 
right hand) to 70 (always using left hand) (Bishop et al 
1996).  
     With the Edinburgh Handedness Inventory, indiv iduals 
rate their preference on a five-point scale for 10 
activities - writing, drawing, throwing, scissors, 
toothbrush, knife (without fork), spoon, broom (upp er 
hand), striking match (hold match), opening box (li d) 
(Bishop et al 1996). 
 
     Bishop et al (1996) criticised the Crovitz-Zen er 
Scale: 
 
     a) That individuals can distinguish between th e hand 
used "always" and "most of the time". "However, unt il 
they are confronted by a psychologist bearing a 
laterality inventory, most people are unaware which  hand 
they use for many activities ; indeed, people are u sually 
encouraged to mime the relevant activity before giv ing a 
response to a questionnaire, and may express surpri se at 
the outcome. If many people who are prevented from miming 
the action cannot tell you whether they habitually hold a 
toothbrush in the right or left hand, one might 
reasonably ask whether they are able to judge wheth er 
that hand preference applies 'always' or 'most of t he 
time'. Even if people are  able to make an accurate 
judgement of frequency of preferring one side, they  may 
vary in how they interpret quantifiers such as 'mos t of 
the time'" (Bishop et al 1996 pp270-271). 
 
     b) The final score can be confusing - eg: an 
individual who responds "right hand most of the tim e" to 
all activities could get the same overall score as a 
person who chooses "right hand always" to most item s and 
left hand responses to a couple of other activities .  
 
     The ability to measure handedness depends on t he 
theoretical position taken (Bishop et al 1996): 
 
� "Dichotomy hypothesis" (eg: McManus et al 1988) - 

handedness is an either/or, and dividing individual s 
based on writing hand is best way. No sub-groups of  
right-handers for some things and not others, for 
example. 

 
� "Degree but not strength hypothesis" (eg: Annett 19 70) 
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- not strength of hand preference, preference for h and 
for number of activities. 

 
� "Both degree and strength hypothesis" (eg: Crovitz and 

Zener 1962) - hand preference for each activity and  
strength of preference in each case. 

 
     Using the Edinburgh Handedness Inventory with 51 
right-handers, Bishop et al (1996) distinguished 
"exclusive strong right-handers" (always used right  hand 
for at least eight of ten activities, and usually r ight 
hand for rest), "exclusive weak right-handers" (usu ally 
used right hand for three or more activities, and a lways 
for rest), and "predominant right-handers" (preferr ed 
right hand, but used left hand for at least one 
activity). But the researchers found that the disti nction 
between "always" and "usually" were not helpful, an d 
argued for the "degree but not strength hypothesis" . 
 
     The two key questions about handedness are - w hy is 
it asymmetrical, and why do some individuals prefer  the 
left hand, say? These come together as "why are hum ans 
right-handed" (Llaurens et al 2009)? 
     Handedness has a genetic basis as shown by the  fact 
that two right-handed parents have fewer left-hande d 
offspring (around 10-15%) than two left-handed pare nts 
(around 30-40%) and mixed parents (15-25%) (Llauren s et 
al 2009). "The fact that handedness runs in familie s is 
not convincing evidence of a genetic component, sin ce 
parents also transmit a particular environment to t heir 
offspring... [However] Even if the genetic and cult ural 
contributions to transmission of hand preference ar e not 
fully determined, these results provide convincing 
evidence for a significant heritability, allowing t he 
action of natural selection on this trait" (Llauren s et 
al 2009 p883). 
     Different methods are used to study the geneti c 
basis of handedness: 
 
     i) Family studies - handedness of biological p arents 
and offspring. 
 
     ii) Adoption studies - handedness of adopted 
children and parents. But few studies where adoptio n 
occurs before handedness established (Llaurens et a l 
2009). 
      
     iii) Twin studies - identical (monozygotic; MZ ) 
pairs more concordant (same hand preference) than n on-
identical (dizygotic; DZ) twins (Llaurens et al 200 9). 
 
     iv) Selective animal breeding - eg: inbred str ains 
of mice and side of the body of certain organs (Lay ton 
1976). 
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     v) Molecular studies - search for specific gen es 
involved. 
 
     Handedness is also influenced by environmental  
factors including (Llaurens et al 2009): 
 
� In utero (womb) environment - eg: testosterone. 
 
� Birth stress - eg: left-handedness due to left 

hemisphere damage due to oxygen deficiency with 
premature birth or prolonged labour (Bakan 1971). N ot 
supported by other studies (Llaurens et al 2009). 

 
� Birth weight - an excess of left-handers among low 

birth weight babies. 
 
� Cultural influences - eg: negative attitude of teac hers 

towards left-hand writing. 
 
 
2.3. WHY ASYMMETRY? 
 
     A landmark in the history of understanding of human 
brain asymmetries is the case studies of "split bra in" 
patients who had the connection between the two 
hemispheres (the corpus callosum) surgically cut as  a 
treatment for severe epilepsy (Sperry 1974).  
 
     Hemispheric specialisation (or brain lateralis ation) 
increases brain efficiency by avoiding unnecessary 
duplication of neural circuitry, and by reducing 
interferences between different brain functions or 
simultaneous occurrence of incompatible responses ( ie: 
one hemisphere has control over particular actions)  16. 
This is a greater benefit that the disadvantage tha t 
behaviour is more predictable to others (eg: direct ion of 
escape from predators - right hemisphere-dominate 
individuals move to the right as a preference) (Ghi rlanda 
et al 2009). 
     Corballis (2009) noted that there is "a trade- off 
between bilateral symmetry and asymmetry — perhaps too 
much symmetry leads to difficulties in the neural 
programming of complex action, and too much asymmet ry 
leads to a vulnerability in an even-handed world wh ere 
impediments, such as attack from predators, may occ ur on 
either side of the organism" (p873). 
     Furthermore, Corballis (2009) states: "Given t he 
advantages of an asymmetrical brain, the question a rises 
as to why asymmetry has not become fixed in the 
population. One possibility... is that reversed asy mmetry 

16  For example, stuttering has been proposed as a product of such conflict (Corballis 2009).  
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[left-handedness] may be advantageous so long as it  is a 
minority condition... Alternatively, there may be 
compensatory advantages more directly associated wi th the 
lack of asymmetry [mixed-handedness]" (p874) (eg: 
creativity). Cerebral symmetry or mixed-handedness is 
associated with a higher risk of schizophrenia, and /or 
magical thinking (eg: superstitious) (Corballis 200 9). 
"Human societies have often revered the oddball, 
especially if associated with mystical or even 
hallucinatory behaviour, and there is at least some  
evidence that these characteristics may be associat ed 
with the lack of consistent asymmetry... A symmetri cal 
brain may well provide avenues of thought that do n ot 
conform to academic expectations, but may nonethele ss 
provide the impetus for significant discovery and 
leadership" (Corballis 2009 p875). 
 
 
2.4. NON-HUMAN ANIMALS 
 
     Geschwind (1970) argued that brain asymmetry w as 
unique to humans, but this has subsequently been 
challenged. 
     Asymmetries have also been reported in non-hum an 
animals, like birds, fishes, amphibians, rodents, a nd 
primates (Tommasi 2009). Some species do show some 
evidence of handedness - eg: captive chimpanzees an d 
throwing, or left foot preference for picking up ob jects 
by parrots (Corballis 2009). Vallortigara and Roger s 
(2005) went as far as to say that "the overall 
similarities across species strongly support the 
hypothesis of a common origin of lateralisation in 
vertebrates" (quoted in Corballis 2009).  
 
     In a review of studies of primates, Fitch and 
Braccini (2013) were less convinced. They distingui shed 
four aspects of lateralisation: 
 
     i) Manual control (eg: handedness; footedness)  - 
Right-bias in chimpanzees maybe, but it depends on the 
technique used to establish handedness in primates (eg: 
bimanual tube task). Food is placed in a tube and t he 
chimpanzee, for example, is observed as to which ha nd 
grasps the tube and which hand removes the food. Th e 
latter hand is rated as dominant. 
 
     ii) Communication - Baboons and chimpanzees sh ow a 
preference for manual (eg: gestures) and facial 
communication (eg: asymmetric face movements for 
production of sounds - right side bias). 
 
     iii) Visual processing - Many primates show bi as 
(eg: which eye used to look through hole; eyedness) . 
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     iv) Auditory processing/acoustic orientation -  
Little evidence of, for example, a preferred ear to  
listen to alarm calls. 
 
     If non-human species do show lateralisation, t hen 
there must be a genetic/evolutionary basis to it. A nnett 
(2002) proposed the idea of a gene for a "right-shi ft" 
and a gene for no preference that are passed down t hrough 
generations and distributed in populations. This wa s a 
theoretical model, and actually finding a specific gene 
has proved difficult. It is more likely that severa l 
genes are involved in handedness (Corballis 2009). 
 
 
2.5. TESTOSTERONE 
 
     A number of hypotheses have been proposed for the 
role of testosterone and brain asymmetry - what is called 
the "organisational effects of testosterone" (Pfann kuche 
et al 2009). These are structural, irreversible cha nges 
in the brain in the womb. For example, Geschwind an d 
Galaburda (1985) proposed that increased pre-natal 
testosterone inhibited growth of the left hemispher e, and 
the result was greater brain symmetry. Alternativel y, 
Lauter (2007) argued that low and high levels of 
testosterone produced brain asymmetry and right-
handedness, and it is moderate levels that lead to brain 
symmetry and left- and mixed-handedness. 
     The amount of testosterone in the womb is link ed to 
asymmetry, but Pfannkuche et al (2009) saw the leve l of 
testosterone determining the extent of asymmetry ra ther 
than the direction (eg: the degree of right-handed 
dominance rather than right-handedness over left-
handedness) for humans. This conclusion was based o n a 
meta-analysis of studies about lateralisation of mo tor 
skills (eg: handedness), language, and visuo-spatia l 
abilities (eg: eye dominance) in humans, other mamm als, 
and birds.  
 
 
2.6. SOCIAL PERCEPTION 
 
     Social perception is the process of perceiving  the 
social world (specifically other people). It involv es all 
senses, but most prominently vision and sound. 
     Speech perception (ie: what is said) involves the 
left hemisphere in most righthanded individuals, bu t the  
processing the non-verbal aspects (eg: tone of voic e) is 
a right hemisphere ability. For example, Lattner et  al 
(2005) functional magnetic resonance imaging (fMRI)  
scanned sixteen adults as they rated the naturalnes s of a 
voice (ie: human or machine-created). Areas of the right 
hemisphere were activated by the task.  
     Other neuroimaging studies have found greater right 
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hemisphere activity for emotional information conta ined 
in the voice (not words), and for speaker identific ation 
(ie: familiar voice) (Brancucci et al 2009). Von 
Kriegstein et al (2003), for example, observed righ t 
hemisphere activation in the fMRI scanner when 
identifying a German speaker, but left hemisphere 
activity if processing what was being said (even us ing 
the same stimulus material in both conditions). 
 
     Face perception and processing are abilities w ith 
right hemisphere dominance (and left eye superiorit y) 17. 
Different methods have been used to show this. For 
example, individuals are shown faces using a divide d 
visual field technique (one eye can only see one ha lf of 
the face). The right half of the face (viewed by th e left 
eye) was perceived as conveying more information. T his is 
confirmed with chimeric faces. This is an artificia l face 
created by the mirror of one side of the face. So 
chimeric faces made of the combination of the right  half 
are perceived as resembling the original face more than 
ones made of the left half (Brancucci et al 2009). 
 
     Another method uses a tachistoscope. This pres ents a 
face for recognition at very fast speeds (milliseco nds). 
When presented to one eye at a time, facial recogni tion 
is better with the left eye. But with recognising 
familiar faces, the right hemisphere superiority is  no so 
clear-cut because semantic (linguistic) information is 
retrieved in the process (eg: name of individual) ( left 
hemisphere) (Brancucci et al 2009). 
     In terms of the emotions of faces, the right 
hemisphere hypothesis (eg: Campbell 1978) proposes right 
hemisphere superiority in the perception and produc tion 
of emotional expressions, while the valence hypothe sis 
(eg: Reuter-Lorenz and Davidson 1981) sees the proc essing 
of positive emotions as a left hemisphere ability a nd 
negative emotions as right hemisphere. Canli (1999) , for 
example, attempted to reconcile the two theories by  
suggesting that the former is correct for emotion 
perception, while the latter accounts for the produ ction 
of expressions. Neuroimaging studies have confirmed  the 
right hemisphere dominance for face processing (Bra ncucci 
et al 2007). 
     Other right hemisphere lateralisation has been  found 
for gaze perception (the direction that an individu al is 
looking) and perception of gestures (motion percept ion) 
(but the left hemisphere is involved in understandi ng 
their meaning) (Brancucci et al 2009). 
 
     Overall, social perception has a right hemisph ere 
dominance, but with assistance from the left hemisp here 

17  Information from the left eye goes to the right hemisphere and vice versa. 
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(inter-hemispheric co-operation) because of "the st rength 
and stability of the left-hemispheric asymmetry of 
language processing" (Brancucci et al 2009 p907). 
 
 
2.7. REFERENCES 
 
       Annett, M (1970) A classification of hand pr eference by association 
analysis British Journal of Psychology  61, 303-321 
 
       Annett, M (2002) Handedness and Brain Asymme try: The Right Shift 
Theory  Hove, UK: Psychology Press 
 
       Bakan, P (1971) Handedness and birth order N ature  229, 195 
 
       Bishop, D.V.M et al (1996) The measurement o f hand preference: A 
validation study comparing three groups of right-ha nders British Journal of 
Psychology  87, 269-285 
 
       Brancucci, A et al (2009) Asymmetries of the  human social brain in the 
visual, auditory and chemical modalities Philosophi cal Transactions of the 
Royal Society B: Biological Sciences  364, 895-914 
 
       Campbell, R (1978) Asymmetries in interpreti ng and expressing a facial 
expression Cognition  19, 327-342 
 
       Canli, T (1999) Hemispheric asymmetries in t he expression of emotion 
Neuroscientist  5, 201-207 
 
       Corballis, M.C (2009) The evolution and gene tics of cerebral asymmetry 
Philosophical Transactions of the Royal Society B: Biological Sciences  364, 
867-879 
 
       Crovitz, H.F & Zener, K (1962) A group-test for assessing hand- and 
eye-dominance American Journal of Psychology  75, 271-276 
 
       Fitch, W.T & Braccini, S.N (2013) Primate la terality and the biology 
and evolution of human handedness: A review and syn thesis Annals of the New  
York Academy of Sciences  1288, 70-85 
 
       Geschwind, N (1970) The organisation of lang uage and the brain Science  
170, 940-944 
 
       Geschwind, N & Galaburda, A.M (1985) Cerebra l lateralisation: 
Biological mechanisms, associations, and pathology.  3. A hypothesis and a 
program for research Archives of Neurology  42, 5, 634-654 
 
       Ghirlanda, S et al (2009) Intraspecific comp etition and co-ordination 
in the evolution of lateralisation Philosophical Tr ansactions of the Royal 
Society B: Biological Sciences  364, 861-866 
 
       Gilbert, A.N & Wysocki, C.J (1992) Hand pref erence and age in the 
United States Neuropsychologia  30, 601-608 
 
       Hartley, J (1998) Lefthanded - rightminded? Psychology Review  
November, 16-19 
 
       Lattner, S et al (2005) Voice perception: Se x, pitch, and the right 
hemisphere Human Brain Mapping  24, 1, 11-20 
 
       Lauter, J.L (2007) The EPIC model of functio nal asymmetries: 
Implications for research on laterality in the audi tory and other systems 
Frontiers in Bioscience: A Journal and Virtual Libr ary  12, 3734-3756 
 
       Layton, W.M (1976) Random determination of a  developmental process. 
Reversal of normal visceral asymmetry in the mouse The Journal of Heredity  
63, 336-338 
 
       Llaurens, V et al (2009) Why are some people  left-handed? An 
evolutionary perspective Philosophical Transactions  of the Royal Society B: 



Psychology Miscellany No.54;    December 2013;   ISSN: 1754-2200;   Kevin Brewer                     25 

 

Biological Sciences  364, 881-894 
 
       McManus, I.C et al (1988) The development of  handedness in children 
British Journal of Developmental Psychology  6, 257-273 
 
       Nettle, D (2004) From sound to meaning: Hear ing, speech and language. 
In SD226 Course Team (eds) Learning and Language  Milton Keynes: Open 
University 
 
       Oldfield, R. C (1971) The assessment and ana lysis of handedness: The 
Edinburgh Handedness Inventory Neuropsychologia  9, 97-113 
 
       Palmer, A.R (2004) Symmetry breaking and the  evolution of development 
Science  306, 828-833 
 
       Pfannkuche, K.A et al (2009) Does testostero ne affect lateralisation 
of brain or behaviour? A meta-analysis in humans an d other animals 
Philosophical Transactions of the Royal Society B: Biological Sciences  364, 
929-942 
 
       Reuter-Lorenz, P & Davidson, R.J (1981) Diff erential contributions of 
the two cerebral hemispheres to the perception of h appy and sad faces 
Neuropsychologia  19, 609-613 
 
       Sperry, R.W (1974) Lateral specialisation in  the surgically separated 
hemispheres. In Schmitt, F & Worden, F (eds) Neuros ciences Third Study 
Program  Cambridge, MA: MIT Press 
 
       Tommasi, L (2009) Mechanisms and functions o f brain and behavioural 
asymmetries Philosophical Transactions of the Royal  Society B: Biological 
Sciences  364, 855-859 
 
       Vallortigara, G & Rogers, L.J (2005) Surviva l with an asymmetrical 
brain: Advantages and disadvantages of cerebral lat eralisation Behavioral 
and Brain Sciences  28, 575-589 
 
       Von Kriegstein, K et al (2003) Modulation of  neural responses to 
speech by directing attention to voices or verbal c ontent Cognitive Brain 
Research  17, 1, 48-55 
 
 


