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Introduction

According to some researchers (e.g., Abra, 1989),
there is a decrease in creativity with aging. There is
some support for this claim: for example, Simonton
(1994) reported that there are age-related changes
in creative productivity, with a sharp increase in
productivity between the ages of 20 and 30 years,
peaking between the ages of 30 and 50, followed
by declining creative production over the next sev-
eral decades. Lehman ( 1953) reported that poets
and mathematicians typically reach their crea-
tive peaks at the earliest age, while philosophers
and novelists develop their peak creativity at a
later age. Even within these broad trends, there is
uncertainty about the strength of the relationship
between age and creativity. According to Lehman,
scientists do their highest-quality work before the
age of 40, but Cole (1979) found that age had only
a minor impact on scientific performance. For the
most part, however, there has been little study of
how creativity may change with age. Remarkably,
the term “aging” doesn’t even appear in the index
of a recent handbook on creativity (Kaufman
& Sternberg, 2010). In this chapter we will dis-
cuss how aging may influence creativity and the
changes in the brain that may be responsible for
these changes; but first we will discuss the defini-
tion of creativity, the stages of creativity and the
component cognitive processes that'may be criti-
cal for creative productions,

Definition of Creativity

The Merriam Dictionary (1988) defines creativ-
ity as the ability to make new things. Similarly,

the Encyclopedia Britannica defines creativity
as the ability to make or bring into existence
something new. These definitions are. however,
somewhat inadequate. Artists, writers, and sci-
entists who mechanically record facts might be
productive but are not creative. Conversely, typ-
ing a list of nonwords, colors randomly applied
to a canvas, or a random list of variables may be
novel or original, but not creative, Some defini-
tions also mention utility or the production of
useful object; however, an artist may paint a
beautiful picture but never display this painting,
Thus, it is not useful, but this painting can be
very creative.
Bronowski (1972) defined creativity as
finding unity in what appears to be diver-
sity. We agree that finding unity appears to
be a major element or theme of much crea-
tive achievement, For example, great art-
works have a myriad of colors and forms/
shapes, and great musical works have a large
variety of melodies and rhythms, but in both
paintings and symphonies the artist is able to
develop a thread that unites diverse elements
and display order. Creative scientists such as
Copernicus with his heliocentric hypothesis
was able to see the thread that united what
previously appeared to be a disorderly plan-
etary system, and Einstein was able to see thc
thread that united matter and energy. Thus. in
the arts as well as the sciences, creativity may
be defined as a new understanding or no\”c',
development and systematic expression f‘f
orderly relationships (finding the “thread th.:
unites”; Heilman, 2005; Heilman, Nadeau. &

Beversdorf, 2003).
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semantically  similar information while also

exciting or activating the semantic conceptual
networks that have been only weakly activated

or not activated at all. Activation of these

a study using

Scott, & Frith, 2003)

Connectivity and the Cerebral
Hemispheres

Creativity was defined in the beginning of this
chapter as the new understandin g or new devel-
opment and expression, in a systematic fashion,
of novel orderly relationships. Since the work of
Paul Broca (1863) and usin g the lesion method,
laterality studies such as dichotic listening and
visual half-field, as well as electrophysiological
(EEG) studies and functional maging, it has
been repeatedly demonstrated that the human
brain is organized in modular fashion. Thus,
the understanding, development, and expres-
sion of orderly relationships might require com-
Mmunication between these modules. Perhaps
the strongest evidence for brain modularity is
hemispheric specialization, the left hemisphere
being dominant for Jan guage, even in the major-
ity of left handed people (McGlone, 1984),
dominant for motor control of skilled move-
ments (Liepmann, 1920). and categorical pro-
cessing (Kosslyn, 1998). In contrast, the right
hemispherc appears to be important in spatial
Fognition (Benton, Hannay, & Varney, 1975),
neluding spatial imagery (Butters, Barton, &
Brody, 1970), face recognition (Benton, 1990),
d coordinate coding (Kosslyn, 1998). The
nght hemisphere also appears to be important in

remote
networks might be important in developing the
alternative solutions so important in divergent
thinking, Support for the postulate that the fron-
tal lobes might be important in either activating
or inhibiting semantic networks comes from

positron emission tomography
(PET) that suggested different roles for medial
and lateral rostral prefrontal cortex (Brodmann’s
area 10), with the former involved in suppress-
ing internally gencrated thought, and the latter
in maintaining these thought patterns (Burgess,

emotional communication such ag recognizing

and expressing emotional speech prosody and

emotional facial expressions (Heilman, Blonder,

Bowers, & Crucian, 2000). The right hemi-

sphere may also be dominant for mediating pri-

mary emotions (Heilman et al., 2000). Whereas
the right hemisphere appears to have a global
attentional perspective (Barrett, Beversdorf,

Crucian, & Heilman, 1998: Robertson, Lamb,

& Knight, 1988), the left hemisphere has a more

focused attentional perspective. Many other

right-left hemisphere dichotomies have been
described that cannot be fully addressed in this
chapter, but scientific or artistic creativity often
requires that the creative person use the skills
and knowledge mediated by both hemispheres.
For example, the novelist who is writing about
an emotional response of a character must use
the knowledge of facial emotional expressions
stored in their right hemisphere together with
the verbal lexicon stored in their left hemi-
sphere. The sculptor must imagine the rotation
of spatial images such as a face where the repre-
sentation is stored in the right hemisphere while
she or he uses the motor skills mediated by the
left hemisphere. The astronomer must combine
the spatial computations mediated by the right
hemisphere with arithmetic skills mediated by
the left hemisphere. Thus, interhemispheric
communication should be important for com-
bining the knowledge and skills that are impor-
tant for creative innovation,

William James (1890) suggested that creatiy-
ity requires, “unheard of combination of elem-
ents and the subtlest associations.™ Spearman

(1931) suggested that creative ideas result from
the combination of two or more ideas that have
been previously isolated. Because the right and
left hemispheres store different forms of know-
ledge and mediate different forms of cognitive
activity, different neuronal architectures prob-
ably exist within the association cortices of each
of the hemispheres, A possible method of resoly-
ing a previously unsolved problem is to see this
problem “in a new light” and a means of seeing
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a problem in a new light is to use the different
forms of knowledge, and using cognitive strat-
egies mediated by the opposite hemisphere may
allow a person to gain this new insight. Although
divergent thinking has been the main focus of
research on creativity. the “convergent” think-
ing that the brain’s connectivity allows - finding
the thread that unites — has been seen as critical
in many so-called “insight™ tasks (e.g.. Kounios
et al.. 2008).

The largest structure connecting these dif-
ferent hemispheric modular systems is the cor-
pus callosum. Lewis (1979) administered the
Rorschach test to eight patients before and after
they had undergone a cerebral commissurotomy
and reported that the disconnection of the two
cerebral hemispheres “tended to destroy crea-
tivity” as measured by this test. It may be that
because of its visuo-spatial nature, creative
responses to this visually based projective test
rely largely on right-hemispheric modules, while
it would be these patients’ left hemisphere that is
responsible for the verbal responses. Bogen and
Bogen (1988) noted that although the corpus cal-

losum transfers high-level information, normally
this interhemispheric communication is incom-
plete. Bogen and Bogen posited that incomplete
interhemispheric communication permits hemi-
spheric independence and lateralized cognition,
and suggested that the momentary suspension of
this partial independence could actually facili-
tate creative innovation. The Bogens, however,

did not say what could account for this momen-

tary suspension of partial independence.

The cerebral connectivity that is important
for creativity might not only be interhemi-
spheric, but also intrahemispheric. In addition
to the myelinated axons that carry information
between the hemispheres, there are myelinated
axons that also carry information between corti-
cal regions within the same hemisphere, as well
as from the thalamus to the cortex, and from
the cortex to the basal ganglia, thalamus, and
brain stem. These intrahemispheric connections
facilitate intrahemispheric communication that

also might be important for creative inmovation
because widespread connectivity allows creative
people to combine the representations of ideas
that have been previously isolated.

Connectionist models, as well as parallel
distributed processing models, suggest that the
information stored in the brain is related to the
strengths of connections between neurons and
that a large number of units linked by a set of
connections define a domain of knowledge from
which any one of a large number of concepts
can be generated. Psychological studies of prim-
ing effects on lexical decision latency provide a
particularly clear demonstration of the capac-
ity of this type of model to account for empiri-
cal results. In a lexical decision task, words or
pseudo-words are flashed one at a time on a

screen and the subject has to indicate, as rapidly
" as possible, if the word displayed is, or is not,

a real word. In a priming paradigm, before the
target word or nonword appears on the screen,
a prime word appears. If the prime is strongly
related to the target (e.g., the prime is doctor and
the target is nurse), the response time is less than
when the prime and target are unrelated (e.g.,
doctor—zebra). This is because, when a related
prime appears, it generates a distributed concept
representation that involves activation of many
of the units that define the distributed represen-
tation of the target. To the extent that the target’s
neuronal representation is already activated
when the target appears, response latency to the
target is reduced.

We might look to these kinds of models for a
more precise understanding of how connectiv-
ity might support creative thinking. There are
two means by which connectionist archite?-
tures might account for creativity. Entities 10
the environment lead to activation of selected
units, thereby leading to the generation of the
paiterns of activation that instantiate the con-
cepts of these entities. There may, however b:
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each class of tests. correlations were strong, but
overall, the correlation between intelligence and
creativity tests was meager. After reviewing the
relationship between intelligence and creativity,
Torrance (1975) suggested that IQ and creativity
are moderately related at best, a conclusion sup-
ported as recently as 2005 by a meta-analysis of
an increasingly large literature (Kim, 2005).
Another means of studying the relationship
between creativity and intelligence is study-
ing creative peoples’ intelligence. Barron and
Harrington (1981) studied architects and found
a weak relationship between the creativity of
these architects and their 1Q. They concluded
that above an 1Q of about 120, IQ does not
predict creativity as much as it does if the 1Q
is below 120. These observations suggest that
there might be an IQ threshold, such that a per-
son needs to be above this threshold to have suf.
ficient intelligence to learn the knowledge about
the domain of their creativity and to acquire the
skills needed to be creative in a domain. From
this perspective, intelligence may be a necessary
but not sufficient component of creativity.
Other investigators have also studied popula-
tions of known creative people and attempted
to learn if there is a strong correlation between
their estimated eminence as creators and their
intelligence. Simonton (1994) and other investi-
gators, such as Herr, Moore, and Hasen (1965),
also found that the correlation between intelli-
gence and creativity is weak. This weak correla-
tion, however, might be related to the test that
was used to measure intelligence.
Cattell (1963) posited that there are two types
of intelligence, which he called “crystallized”
and “fluid.” Whereas crystallized intelligence is
primarily declarative memories, such as know-
ing that Albany is the capital of New York State
or lexical-semantic knowledge such as know-
ing what the word “impale” means, fluid imelj
ligence is the ability to solve problems. Most
modern intelligence tests, such as the Wechsl;r
Adult Intelligence Scale (WAIS). test botE
crystallized (e.g.. vocabulary definitions) an

of intelligence); (3) they are unrelated: (4) they
are overlapping but independent concepts. We
would suggest a more complex and nuanced
relationship: Whereas intelligence and creativ-
ity are independent concepts, creativity at the
preparation stage requires the ability to acquire
knowledge, and at the productivity stage to apply
this knowledge. In addition, if intelligence is the
measure of a person’s cognitive ability to adapt,
creativity is a gift that might allow one to bet-
ter adapt, but this would only be true of certain
forms of creativity.

One of the founders of intelligence tests,
Alfred Binet, must have initially thought that
creativity and intelligence were the same, or
closely overlapping, because in the first intel-
ligence test that he devised in 1896 he used
inkblots to explore the imagination of chil-
dren. Later, according to Sternberg and O’Hara
(1999), he discontinued this inkblot test because
he was unable to develop a means of scoring it.

The validity of many current tests of creativ-
ity and individual differences remains controver-
sial. Whereas Guilford and Christensen (1973)
suggested that creativity was a subset of intelli-
gence, these investigators did attempt to develop
psychometric tests that could measure creativity.
These tests are similar to those developed by
‘Torrance (1974) and primarily measure diver-
gent thinking. One of the most widely adopted of

divergent thinking tests assesses subjects’ ability
to develop novel uses of common objects (the

Alternative Uses Test). For example, subjects

would be asked to name, in a fixed time inter-

val, the different ways in which they might be
able to use a brick. Guilford found that students
with low IQ consistently performed poorly on
these tests, but for those students with high 1Qs,
performance on creativity tests did not correlate
highly with their performance on IQ tests. In

an influential study. Wallach and Kogan (19653)

compared the performance of a large number

of school children on a battery of then-available
tests of intelligence, and of creativity, includ-
ing Guilford’s Alternative Uses Test. Within

Creativity,
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Tnight decrease with aging. Many of the test
In the performance 1Q of the WA'IS are tinesds
and as people get older they often get slox:"e .’
This slowing is both electrophvsio]o;ical (e N
.evoked potentials) and beha\'i(;ral. T;lUS So;g.’
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The areas that show the greatest V»:‘hite matter
loss are those which myelinate late in de-vglop-
ment, such as those in the frontal lobeé. Wl}en
older people obtain magnetic res-'onanc-e 1r§igmi
(MRI) or computer tomographic scan (CT) od
fheir Brain, there is often evidence Ofi enlargé
venfricles, and it is the loss of subC(?rtlcal whllte
matter that is responsible for the mcreas'e-§ in
the size of their lateral ventricles. In.addltlllon,
many older people who undefgo MR'I show
evidence of injury to the subcortical white mat-
ter. Neuroradiologists often call; these ch.angei

“ischemic demyelination™ or “'leukoara1051§.
The cause of this loss and damage to the white
matter is not entirely known; .howe»ver, thle
change in the brain that is mostA llkely to result
in leukoaraiosis is a loss of myelinated axF)ns.
Earlier in this chapter we discussed the? impor-
tant role of the corpus callosun}, the ma!or con-
nection between the left and right lllem1§phe're,
in creativity. The corpus callosqm is prlmfanly
composed of myelinated axons tl.lat travel ron}
one hemisphere to the other. With .the loss (?
the white matter associated with aging there is
also a thinning of the corpus callosum (Hoppelr,
Patel, Cann, Wilcox, & Schaejffer, 1.994).' n
addiﬁon to the anatomic alterathns with aging
there is also evidence of a funcftmnal Qecrea:;?
in interhemispheric communication that is me ;L
ated by the corpus callosum (Reuter-Lorenz
tanczak, 2000). .
Sta(lilacllzl?kt,he founder of the pseu§os?1ence 2f
phrenoiogy, posited that the brain is olrgraer
{zed in a modular fashion and. that the anie.
the module, the more superior 1t§ performanse_
Geschwind and Levitsky (1968), usmg l:ions
lected brains from post-mortem exar;llgahand
and without knowledge of the-‘se peop ; ot i
preference or language laterality, foun -
more than 60% of these brains, the planuer o
porale in their left hemisphere was lonintly’ -
that in their right hemisphere. Sugszoqruepi]epsy
patients who were being e\'aluz.iteh o esthe
surgery, by using selective hemlsp. e e Wads
siabto determine language laterality

be critical to creativity, including the préfron'tal
lobe (e.g., Brodmann’s area 10) arjd the 1nfer10;
parietél lobe (including Brodma.nn;s areas 49 an
39). With aging one can see, even .11‘1 the absgre
ofva clinical diagnosis of dementia, .the- hls'(t)};
logical changes that are often a§5001ated .w'1
Alzheimer’s disease, including .the depOSlthTl
of amyloid as well as changes in the neuréns%
including neurofibrillary t’angleé, and a loss o
dendritic branching or arborization. 'Th,l’ls, some
neurons that are not lost might be “sick anccii T-)t
properly functioning. With a loss of den 21 Ec-
arbdrization these neurons are less connected to
other neurons. Other changes include granulo\./~
acuolar degeneration (little vesicles 0{ hole.s in
the neurons’ cytoplasm) and thé deposit of lipo-
in ( m of pigmented fat). .
quS('::)Irln(;1 f;);ysiolgg%cal research that studied
blood flow with PET or dominant EEG rhythinf
suggests that with aging there might bé Yr‘ne- af
bolic changes that reduce the overa}l acn‘x ity o
the brain, When subjects with medical dlsease(s1
such as hypertension or diabetes were'exclude
from these physiological aging s.tudle-s, t}fiere
appeared to be no major differéln?e in blood ov:;
(Duara et al., 1983) or brain activity, as measur;
By EEG frequency (Duffy & McAnulty, 198 );
Therefore, it is unlikely that the decreased crea
tivity associated with aging is caused by meta-
ic alities.
boi\l/:aill;ngtr" Igle- intra- and interhemispheric 'con(;
nections that we mentioned above are‘ medlaﬁfs
by axons that travel in the subcortical W1 ite
matter. Studies which have compared the oss
of gray matter (primarily composed of peurort
and their dendritic processes) Versgs white ma
ter (primarily composed of myelinated ax;ni
and supporting structures) have 'revealled tha
most of the brain volume and brain Welght that
is lost with aging is related to loss of white mz;t-
ter (Tang, Whitman, Lopez, & .BE.ﬂOh, 200 ‘)f
In aadition, in contrast to the m1n}mal loss 01
cortical neurons associated with aging, the ‘tcitzi1
myelinated fiber length of axops decreases wit]
aging (Pakkenberg et al., 2003).

we demonstrated that almost al] subjects who
had left-hemisphere dominance for language
also had g larger planum temporale in their Jeft
than their right hemisphere (Foundas, Leonard,
Gilmore, Fennell, & Heilman, 1994). We also
demonstrated that portions of the left inferior
frontal areas (ie., Broca area) that are impor-
tant in speech production are also larger on the
left (Foundas, Faulhaber, Kulynch, Browning,
& Weinberger, 1999). Severa) other right Jeft
hemisphere asymmetries have been described,
including: the termination of the Sylvian fissyre
being higher in the right than left hemisphere
(Rubens, Mahowald, & Hutton, 1976) and the
right frontal lobe being wider ( distance between
the lateral wall of the frontal horn of the latera]
ventricle and the surface of the cortex of the
frontal convexity cortex) than the left, It is pos-
sible that people who are creative not only have
greater functiong] asymmetries, but also haye
greater anatomic asymmetries,
As mentioned, dividing the hemispheres by
cutting the corpus callosum has beep shown
to reduce creativity (Lewis, 1979). Based on
this observation it ig possible that the degree of
interhemispheric connectivity might pe directly
related to creative potential. However, the cere-
bral connectivity important for creativity might
not only be jnterhemispheric, but also intra-
hemispheric, As noted earlier, these intrahemi-
spheric connections facilitate intrahemispheric
Communication, which may also be important
for creative innovation because, as we have
Mentioned, creativity may require widespread
connectivity, Support for thig hypothesis comes
from the work of Takeuchi ef a] (2010a), who
used diffiugion tensor imaging and g test of
divergep; thinking to investigate the relati onship
between creativity and structura] connectivity,
These Investigators found that integrated white.
Matter tra04g between the association cortices
and the corpus callosum, which connect the net-
Works that store different forms of information
1 distap; brain regions, support creativity. The

reduction of creativity with aging may, there-
fore, be in part related to the age-related loss
of intrahemispheric as well as interhemisphe.ric
white matter connectivity,

Frontal Lobes ang Aging

Injury to the frontal lobes or Interruptions of
its subcortical connections, with Structures
such as the basa] ganglia or thalamus, impairs
the functioning of the fronta] lobes, Many of
the neurobehaviora] deficits associated with
frontal lobe functions are called executive
deficits. Several studies suggest that in older
people the frontal [obes might not function
as well as they do in younger people. For
example, Mittenberg, Seidenberg, O’Leary,
and DiGiulio (1989) Compared older ang
younger subjects on tests designed to asgesg
frontal, parietal, and temporal lobe functions.
These investigators found that it wag fronta]
lobe functions that best correlated with the
subject’s age,

As mentioned, Denny-Brown and Chambers

(1958) noted that the frontal lobes are critical for
avoidance and disengagement. One of the most
common executive deficits associated with fron-
tal lobe dysfunction Is perseverative behavior
on tests such as the W(§, Creative innovation
requires that a person disengage from Previously
used ideas~concepts, Strategies, and products
and then develop new ideas-concepts, Strategies,
and products, If 5 creative person gets “stuck in
set” their creative careers will come to an end.
Ridderinkhof, Span and van der Molen (2002)
tested a population of older subjects with the
WCS test and found that they are more likely
to get stuck in set than are younger subjects.
Hence, the problem the older subjects were hay-
ing on this task Was not related to their inabil-
ity to develop rules of sorting, but rather their
reluctance or tnability to shift strategy after they
found a sorting Strategy, This form of persevera-
tive behavior might also be termed “cognitive
rigidity.”
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The reason why some older people hax"e' a
propensity to get stuck in set or h‘a.\'e cognitive
rigidity is unclear, but one possibility con'cerns
dgcree;ses in dopamine levels. As we mentlol?ed
earlier, neurons communicate by re-lea;smg
chemiéals called neurotransmitters. One of the
major neurotransmitters that appears to dccrease:
with aging is dopamine. For cxamplci Volkf)\\
et al. (2000), using PET, noted that with aglpg
there Was a decrease of dopamine. together with
a decrease of frontal lobe activation. The cellls
that release dopamine are found in the mldbral.n
and from there travel to both the basal g.angh‘a
and cerebral cortex. Patients with Parlfmson‘s
disease have a reduced level of dopamine and

they also have evidence for frontal lobe dysf.unc—
tion (Green et al., 2002). For example, patients
with AParkinson’s disease often perform pogrly
on tests such as the WCS, frequently gettm'g
stuck in set. Thus, another possible hypot.he.s%s
to account for the loss of creativity Wit..h ggmg is
the presence of cognitive rigidity thaF is mducgd
by an age-related loss of dopaminergic neurons.
One of the best ways to assess the prese~nce‘ of

cognitive rigidity is by use of dive»rgenF t.hmkmg.
tests such as the Alternative Uses Test. Takeuchi
et al. (2010b) used voxel-based morphometry
(’VBM) to identify the gray-matter correlate.-s of
i‘ndiviciual creativity as measured b)'f the diver-
geni thinking test. They found positive correla-
tions between regional gray-matter volume and
individual creativity in several regions such
as the right dorsolateral prefrontal corltex find
subcortical areas such as the substantia plgra
and ventral tegmental area. Accordingvto the?se
investigators, their findings suggest t%lat'creauv-
ity. as measured by the divergent~ thmkmg'testi
is mainly related to a decrement in the regiona
gray matter of regions in the brfiin krvxown, to be
associated with the dopaminergic system'_

As mentioned above, with aging there is a.Ioss
of or injury to subcortical white maiter. ?atl.enfs
who have diseases that injure their \\"hJIG mat-
ter, such as multiple sclerosis or multiple small
strbkes of the white matter. frequently show

evidence of frontal lobe dysfunction \and hence
perform poorly on tests such as the WCS b'ccause
fhev get stuck in set, whereas to be ‘c.reatl\x“-‘ one
hasy t; break out of a set and think dlvcrgéntl}i
As mentioned earlier, one of the most ‘popu~
lar means to ftest divergent thinkir}g is the
Alternative Uses Test, where particl‘pants arc
asked to describe alternative uses of commop
objects such as bricks and to select uses that
are the most creative. We tested 30 oFder ?nd
30 younger subjects using the Alternative Uses
T‘asi( and found. unexpectedly, that the older
subjects performed better than the young@ sub-
jects (Leon, Altmann, Abrams, Gonzalez-Rothi,
& Heﬂman, 2014). We posited that pcr‘hap’s the
older subjects had more experiences \\'11]’? these
objects than did the younger subj e}cts, It is pos-
sible that the Alternative Uses Test assesses not
only divergent thinking but also acquired knowl-
edée. but this hypothesis needs to be further
tested.

Right Hemisphere Deterioration
with Aging

The right hemisphere appears to be more 1mp9r—
tant fc;r mediating global than local .prolcessmg
(Fink et al., 1997), and global processmg is i)it;n
important in finding the “thread that ur~nte?. a:
right hemisphere is also important in wsuﬁve
spatial functions, and many e)f,t;reme‘.ly crejrted
people such as Albert Einstein have redp e
using visual-spatial strategies to help ﬁr'l c "
tive ;solutions. Thus, another hyp(?t.he51s ase -
why creativity decreases with aging Sugie(e-
that right-hemisphere-mediated functions o
riorate more than those of the left (Polcos. dete—-
& Cabeza, 2002). The right-hemlsp}.le"re o
rioration hypothesis of reduced creatlv;ziye By
aging is supported by studies that ga.ve ol,spa(ial
v:)unvger subjects the WAIS. The v1su}z:e s
;asksb('e.g., block construction) on v;ereas he
are paft of the performance IQ W e
language tests (e.g., vocabulary) are p
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verbal 1Q. Investigators have found that with
aging there is greater deterioration of the per-
formance 1Q than there is of the verbal 1Q. As
the right hemisphere appears to be dominant for
visual-spatial functions, one could interpret this
age-related decrease of visual-spatial abilities to
aloss of ri ght-hemispheric function with aging.
There are, however, several confounds to thig
interpretation. For example, many of the Spa-
tial tests that are part of the performance IQ
are timed, and with aging there is slowing of
response times independent of task. In addition,
the performance 1Q is also more of a test of fluid
that crystallized intelligence, and as mentioned
above with aging there might be a greater dec-
rement of fluid intelligence, However, many
visual-spatial functions have been shown to dete-
riorate with aging even when using untimed tests
(Koss et al., 1991). For example, when shown
incomplete drawings of objects, older subjects
have more trouble recognizing these objects
(Read, 1988), or when older subjects have to find
figures which are embedded in larger figures,
they also perform more poorly than the younger
subjects. Recognition with incomplete informa-
tion or finding a meaningful stimulus in a noisy
background is similar to finding the “thread that
unites.” In contrast to the deterioration of Spa-
tial skills, as g function of age, the verbal IQ of
older people appears to remain stable, and some
studies even showed an improvement of verba]
skills with aging. Whereas vocabulary seems to
femain unchanged or even increase with aging,
there are some suggestions that knowledge of
grammar and syntax also appear to improve,
Perhaps this is why novelists are more likely to
femain creative to an older age than are math-
ematicians and theoretical physicists,
While the assessment of the right versus left
hemispheres cognitive functional efficacy as
We age remains to be fully determined, Gur and
associateg (1980) studied the ratio of gray to
White matter in the left versus right hemisphere
a.nd found that there is more gray matter rela-
Uve to white matter in the left than in the right

hemisphere. This observation suggests that the
left hemisphere primarily transfers informa-
tion within or between contiguous regions of .
the left hemisphere and that the right hem;-
sphere transfers intrahemispheric information

across regions that are greater distances apart,

Therefore, the normal functions mediated by

the right hemisphere may be more dependent
on long myelinated axons, Because with aging
there is a greater loss of white than gray mat-
ter, the right hemisphere should be more affected
by aging than the left hemisphere, and therefore
the decrease of creativity with aging might be
related to a decrease in the functions mediated
by the right hemisphere, However, Gur et al.

(1980) also measured gray-matter atrophy as a

function of age and found that there was more

gray-matter atrophy of the left than the right

hemisphere, especially in men, a finding that

would be in conflict with the right-hemisphere
hypothesis for reduced creativity with aging,

Depth of Processing

Objects can have functional and associative rela-
tionships or they might have conceptual rela-
tionships, Finding the unity in what appears to
be diversity is critical for creativity, and findin g
this unity would appear to be more dependent
on determining conceptual than associative rela-
tionships. When subjects were asked to group
objects, Denney (1974) found that elderly peo-
ple are more likely than younger subjects to
group these objects by associative relationships
than by semantic-conceptual relationships. For
example, if participants are given three objects,
a rifle, a bow, and an arrow. and are asked to
group the two objects that are most closely
related. a person could select a bow and arrow
based on their strong associative relationship, or
a bow and rifle because these two objects have a
closer Semantic-conceptual relationship (weap-
ons that emit projectiles). The means by which
the brain develops associative Versus conceptaal
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relationships is unknown: however, grouping
by associative relationships can be done based
0;1 sensory (iconic) memorics. Hence, a persF)n
might be able to imagine a bow togetl?er v&ilt.h
ankarrow casier than she or he could imagine
a bow together with a rifle, because th? former
two items are more often seen together than t.he
latter two items. The grouping at t’he semantic-
conceptual level is more abstract (‘lessl depend-
cnt on sensory associations) than grouping on an
associative level, The term abstract comes.‘from
the Latin term abstractus that means to drz?w
away,” and in order to group at the semantic-
conceptual level a person must dre‘lw away from
the sensory-iconic level of processing and group
by functions or shared properties.. Therefore,
d'etermin'mg associative relationships ca{1 'be
petformed within a modality, but determining
conceptual relationships often depends on the
activation of widely distributed net\ivorks, and
older people may have a reduc.tionv in connec-
tivity that impairs the communication bet.w*ec?n
anat’omically distributed conceptual-semantic
networks.

Hormones and Aging

Serum levels of total and bioavailable testoste‘r-
one gradually decrease with age in men, an§ ‘thls
c-hanvge is associated with changes ip cognltllon.
C:her;ier and co-investigators (2001) examined
the relationship between exogenous. ‘te'.stos.ter-
one administration and cognitive abll?tles 11'1 a
population of healthy older men. C1rcu1§t1r;g
total testosterone was raised an average of 130%
from baseline af 3 weeks and 116% at 6.we?ks
in the treatment group. Because of aromauzan?n
of testosterone, in the treatment group estra(ilz)l
increased an average of 77% at week 3 ‘and 73 /o
at week 6. Significant improvements in gogm-
tion were observed for spatial memory (recall
of a walking route), spatial ability (block c-on—‘
struction), and verbal memory (recall Qf a short
storv) in older men treated with testosterone

compared with their baseline evaluation and th'e.
petformance of the placebo group; however,. it
is not known whether hormonal treatment with
testosterone can restore any age-related decrease
Of(cjrz}éjgcg] | is another neur(.)hormo.r'le t%lat
may decrease with age (see Huﬁ”meljer., Vag
Hzendoom, & Bakermans-Kranenbyrg, 2013)
and has been associated with creative perfor-
mance. In a series of studies reportf.:dA by De
Dreu et al. (2014), administration of 1.ntr'anasal
oxytocin versus placebo increased jlohstlc;’pro-
cessing (Study 3, response time to glc.)bal ver-
sus “local” targets in Navon ﬁgures),.lmprgved
divergent thinking (Study 5, al} three dl.mer}510ns
of performance in the Alternative Uses Test), énd
led to more solutions of insight problems, Whl'Ch
have been used as tests of convergent c.f‘re..anve
thinking (Study 6). As with testosterone,.lt is not
known whether administration of ox'ytocm (:.01'11d
restore any age-related decrements in ?reatl\./lty,
or what other impacts such administration might
have in the elderly.

Conclusion

In this chapter, we have attemptctd.to de.ﬁne cr::}z:—
tivity, review the stages of creativity, d}scussth;
possible neuropsychological mechan1§ms et
are important in creativity, and co'nSIIdell'1 oe
these processes and mechanisms might ¢ ;r;gi

with aging. Although it has F)een repea ir}l'
claimed that with aging there is a decrease "
creativity, the specific changes — for worsz,n x
better — in creative abilities and perforrtnbeen
that may be associated with aging hav-i ;::oaltera-
systematically examined, and the pOSlSI i
tions in brain functions that may altle e
ity with aging also have not‘ been fu t}(') o
Creativity is one of the most 1mportart1 e

attributes, but historically it ha§ nofiognition

as much interest as other domains 0 e

such as memory and language. Therit:1 i

is a great need for research that w

to understand the brain mechanisms that 4|
humans to be creative, as wel] gg how creatiy
can be developed and enhanced. We a]so need
learn more about the adverse influence of d
cases and aging on creativi
be modified and mitigated,

ow
ity
to
-
ty and how these can
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