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        It is broadly accepted that even absent pathology, 
changes occur in cognitive functioning with 
advancing age. Decreased cognitive performance 
is noted among a variety of cognitive ability 
domains (Smith & Rush,  2006 ) and they are the 
result of age-related changes to brain structure 
and function. In this regard, the World Health 
Organization developed the term  aging - 
associated   cognitive decline  which is defi ned as 
“(1) performance on a standardized cognitive test 
that is at least one standard deviation below age- 
adjusted norms in at least one of any of the fol-
lowing cognitive domains: learning and memory, 
attention and cognitive speed, language, or visuo-
constructive abilities; (2) exclusion of any medi-
cal, psychiatric, or neurological disorder that 
could cause cognitive impairment; (3) normal 
activities of daily living and exclusion of demen-
tia” (as cited in Levy,  1994 ). 

 Advancing age does not appear to impact all 
cognitive abilities equally, however. Certain cog-
nitive abilities appear to be more affected than 
others; for example, signifi cant declines have 
been reported in attention and memory (for 
review, see Glisky,  2007 ), general ability, and 
processing speed (Tucker-Drob,  2011 ) as a result 

of age-related processes. Though, the pattern 
does follow a somewhat linear trend, with 
increasing decline in very old age (e.g., Schaie, 
 2005 ). For example, the greatest declines have 
been noted past age 85 years (Baltes & 
Lindenberger,  1997 ), but the rate of decline  varies 
dependent upon the cognitive domain and a num-
ber of other variables (Glisky,  2007 ). For this rea-
son, it is useful to examine individual cognitive 
abilities and the interaction among groups of 
abilities thought to be closely related or those that 
interact with each other to have a mediating 
impact on performance. Overall it appears that 
tasks that are familiar and rely on existing knowl-
edge are less impacted by advancing age as com-
pared with tasks that involve the acquisition of 
new knowledge or novel problem solving 
(Zimprich et al.,  2008 ). 

 Age-related changes in cognitive abilities also 
show substantial interindividual variability, 
although it has been suggested that individuals 
declining in one area are likely to be declining in 
other areas when compared to same age peers 
(Salthouse,  2004 ,  2009 ; Salthouse & Ferrer-Caja, 
 2003 ). One reason for individual differences 
   could be  cognitive reserve  defi ned by Stern 
( 2002 ) as the maximization of normal perfor-
mance, as opposed to compensation for defi cits, 
an effi cient use of brain networks, or recruitment 
of alternative networks when needed to complete 
a task. This reserve may act as a protective factor 
against age-related cognitive decline. Corral, 
Rodriguez, Amenedo, Sanchez, and Diaz ( 2006 ) 
observed that individuals with higher cognitive 
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reserve were 6 times less likely to demonstrate 
defi cits on neuropsychological testing, which can 
begin to occur as early as the third to fourth 
decade of life. 

 One variable that confounds researchers’ abil-
ity to study age-related cognitive change is that 
the abilities demonstrating the most signifi cant 
decline (e.g., memory and general ability) are 
complex and may in fact be mediated by other 
factors, for example, processing speed, attention, 
or executive functioning. Minimal research has 
attempted to examine the amount of variance in 
age-related change that is accounted for by exec-
utive functioning, in particular, perhaps because 
of its elusiveness as an independent domain of 
cognitive functioning (Salthouse,  2005 ). As dis-
cussed in Chap.   1    , there exist some 33 defi nitions 
of executive functioning and those tools pur-
ported to measure executive functioning, while 
signifi cantly correlated with each other, do also 
correlate with other cognitive ability measures 
(Hedden & Yoon,  2006 ). It appears that many 
researchers agree that executive functioning has a 
mediating effect on several, if not all, other cog-
nitive abilities. For example, Glisky ( 2007 ) pro-
posed that executive processes involve planning, 
organizing, coordinating, implementing, and 
evaluating nonroutine activities and are particu-
larly crucial to performance on novel tasks. 

    Existing Theories of Executive 
Functioning 

 Depending on your theoretical stance, the areas 
subsumed under the umbrella of executive func-
tioning vary from researcher to researcher. You 
may recall from Chap.   1     that the defi nition 
included as many as 33 different components by 
the middle of the 1990s (Barkley,  2011 ). 

 The literature is thus inconclusive regarding 
the operational defi nition of executive function-
ing. Salthouse and colleagues indicated that EF 
should be conceptualized as a single construct 
and that there is a statistical association between 
executive functioning and age-related effects on 
measures of cognitive functioning (Salthouse, 
Atkinson, & Berish,  2003 ). EF may be a 

 metaconstruct. Executive functions are not 
 independent, but interactive and probably hierar-
chically organized in development (BDEFS 
Manual, p. 14, 2011). 

 The heterogeneity of executive functioning is 
as evident from its multiple defi nitions as it is 
from the number of diverse measures purported 
to assess it. Salthouse ( 2005 ) examined a variety 
of executive functioning measures in comparison 
with other nonexecutive cognitive ability mea-
sures and observed that executive functioning 
was closely related to reasoning and processing 
speed and that age-related infl uence of executive 
functioning was rarely statistically independent 
of age-related infl uence on the other cognitive 
abilities measures, suggesting that executive 
functioning is not an independent construct.  

    Our Working Defi nition 
of Executive Functioning 

 In alliance with Salthouse and colleagues, with 
varying views and defi nitions of executive func-
tioning thus presented, modifi ed, and altered over 
the last 3 decades, we are attempting to defi ne 
executive functioning as effi ciency. Congruent 
with the executive decline hypothesis, our pro-
posed working defi nition of executive function-
ing focuses on a single entity premise rather than 
multiple factors and can be considered a mediator 
of other cognitive functions; executive function-
ing is the effi ciency with which an individual 
applies his or her ability and knowledge in order 
to deal with everyday life.  

    Why Have a Chapter on Aging in a 
Book About Executive Functioning? 

    Revolving around this single construct, we could 
hypothesize that executive functioning, or 
effi ciency, would demonstrate a relationship with 
aging as the other previous constructs presently 
had. Effi ciency may represent the parsimoni
ous explanation, replacing the overwhelmingly 
diverse group of previously proposed defi nitions. 
Summarizing the existent literature on age-related 
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changes in executive functioning could prove 
useful not only in informing aging research but 
also in better defi ning and understanding 
executive functioning. Thus, our main goal of 
exploration in this chapter is to review what is 
known about age-related cognitive decline across 
a number of areas of functioning including 
executive functioning. Facet(s) of executive 
functioning typically emerges after 5 years of 
age, notably for working memory, shifting, and 
planning (e.g., Best, Miller, & Jones,  2009 ). 
Much less research exists to document when 
these abilities begin to decline. 

 The outline of the chapter will be guided by a 
review of cognitive changes in the brain with age 
and a discussion of the literature that exists to 
explore changes specifi cally occurring in execu-
tive functioning with age, a discussion that would 
be incomplete without attention paid to the phys-
ical changes in the brain over time.  

    Brief Review of Physical Changes 
in the Brain Related to Executive 
Functioning (EF) 

 Although a plethora of research exists outlining 
the physical changes that occur in the human 
body over the life span, less is known about the 
brain and executive functioning, namely. 
Magnetic resonance imaging (MRI) and other 
neuroanatomical studies have, however, docu-
mented that the brain undergoes approximately a 
50 % volume loss as a result of normal aging 
(Brickman, Habeck, Zarahn, Flynn, & Stern, 
 2007 ; DeCarli et al.,  2005 ; Good et al.,  2001 ; 
Resnick, Pham, Kraut, Zonderman, & Davatzikos, 
 2003 ), with accelerated change occurring after 
50 years of age (DeCarli et al.,  2005 ). Some specifi c 
noted changes include damage to white matter 
(often predicted by hypertension) or infarcts 
(Buckner,  2005 ). For example, white matter 
lesions have been found to correlate highly with 
memory defi cits (Buckner,  2005 ); in fact, they 
are proposed to account for all age-related vari-
ance in speed and executive processing (Rabbitt 
et al.,  2007 ). Reductions in myelination have 
also been signifi cantly correlated with cognitive 

 processing speed (Lu et al.,  2011 ). The prefrontal 
cortex (PFC), cerebellum, and basal ganglia are 
the most common areas associated with execu-
tive functioning (Salthouse et al.,  2003 ). 

 The PFC, specifi cally, has been cited as con-
trolling these executive processes (see Chap.   1     
for review). Neuroimaging of changes in frontal 
lobe structures has buttressed demonstrated 
declines in performance for neuropsychological 
tasks measuring executive functioning (   Daniels, 
Toth, & Jacoby,  2006 ). Individuals diagnosed 
with Alzheimer’s disease as well as individuals 
within the confi nes of “normal brain aging” are 
both “predisposed” to PFC impairment    (Royall 
et al.,  2004 ). Some researchers claim, “these 
fi ndings reveal the cellular basis of age-related 
cognitive decline in dorsolateral PFC” (Wang 
et al.,  2011 ). 

 Even without physical damage, the PFC has 
been found to be especially vulnerable to the 
aging process. The PFC is one of the fi rst areas 
of the brain to demonstrate the results of degen-
eration (   Ferrer-Caja, Crawford, & Bryan,  2002 ), 
showing a loss of function and volume (Raz, 
 2000 ). This degeneration has been identifi ed as 
the cause of much age-related cognitive decline 
and has been coined the  frontal hypothesis of 
aging  (Andres & van der Linden,  2001 ; 
Crawford, Bryan, Luszcz, Obonsawin, & 
Stewart,  2000 ; Raz,  2000 ; Souchay, Isingrini, & 
Espagnet,  2000 ). Schretlen et al. ( 2000 ) evalu-
ated whether age-related changes in fl uid intel-
ligence were related to declines in processing 
speed, the adverse impact of atrophy of frontal 
lobe structures on executive functioning abili-
ties, or some combination of these two theories. 
Their data supported that declines in processing 
speed and changes in executive abilities, as sup-
ported by MRI data demonstrating declines in 
frontal lobe volume, accounted for 75 % of the 
variance in declining fl uid abilities. PFC defi cits 
progress over time, even in the absence of an 
abnormal mini mental status examination 
(Royall et al.,  2004 ). 

 Recalling the case of Phineas Gage from 
Chap.   1    , the destruction of much of Mr. Gage’s 
PFC leads to behavioral/personality changes. 
Bekhterev (1905) reported that damage to the 
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frontal lobes would result in a disruption of 
 goal- directed behavior (Barkley,  2011 ). Along 
these lines, PFC impairment was added by the 
American Psychiatric Association to its working 
defi nition of dementia in 1994 (Royall et al., 
 2004 ). In summary, changes are evident in the 
“normal” aging brain with regard to physical 
structure. These include a loss of total volume, 
most often due to reduction in myelination of 
neurons. It has been proposed that when this 
occurs in the PFC, cerebellum, and basal ganglia, 
changes are observed in executive functioning.  

    A Brief Review of Changes that 
Occur in Cognitive Functioning 
as a Result of Normal Aging 

  Intelligence . Kaufman ( 2001 ) noted that verbal 
comprehension remains relatively stable in adult-
hood until the eighth decade, whereas perceptual 
reasoning peaks earlier in adulthood and declines 
steadily with age. Declines in full-scale intelli-
gence with increasing age therefore are more 
likely due to slowed processing speed and reduc-
tions in perceptual reasoning because verbal 
comprehension and working memory tend to be 
better preserved despite increasing age (Miller, 
Myers, Prinzi, & Mittenberg,  2009 ). Ribot’s 
(1882) law (as cited in Miller et al.,  2009 ) argued 
that this was because cognitive abilities learned 
earliest and those that are more rehearsed were 
more resistant to aging. Several other studies 
have supported the verbal versus performance 
difference in age-related cognitive decline. Ryan, 
Sattler, and Lopez ( 2000 , see Ardila refs) noted 
that aged individuals demonstrated worse perfor-
mance on tasks measuring processing speed and 
perceptual reasoning when compared to younger 
adults, but virtually no age-related changes were 
observed on tasks measuring verbal comprehen-
sion. Lee et al. ( 2005 ) proposed that perceptual 
reasoning declines occurred linearly from the 
sixth decade on and were most closely related to 
cerebellar atrophy. 

  Memory . Research suggests that age correlates 
inversely with measures of memory (i.e., increases 

in age yield lower memory scores at a certain 
point in the life span) (Crawford et al.,  2000 ). 
The correlation between memory decline and age 
has been proposed as either a single- factor model 
or a multiple-factor model. In the past decade, 
more emphasis has been directed to age-related 
decline in memory as it relates to declines in 
executive functioning (Crawford et al.,  2000 ). 
Memory may be supported by attention as well as 
executive abilities. One theory is that tasks 
requiring more “mental effort” (e.g., working 
memory or free recall) will demonstrate age-
related changes more so than activities requiring 
lower levels of mental effort (Connor,  2001 ). 

 Accelerated declines in memory and other 
cognitive functions are often associated with 
Alzheimer’s disease. Under Dementia of the 
Alzheimer’s Type in the DSM-IV-TR, memory 
impairment subsumes “the impaired ability to 
learn new information or to recall previously 
learned information” (APA,  2000 ). Alzheimer’s 
disease may represent the acceleration of typical 
progressive memory loss related to aging or it 
may be a separate entity (Buckner,  2005 ). 
Through research with patients with Alzheimer’s 
disease, the conceptualization of  cognitive 
reserve  suggests that certain factors like educa-
tional level or premorbid intelligence may result 
in decreased decline with age. Some factors are 
amenable to “retraining” to a degree, with cogni-
tive training and better nutrition recommended as 
methods to decrease intellectual decline (Gunstad 
et al.,  2006 ). 

 Although knowledge of pathology may direct 
understanding of the “atypical” population, what 
does this typical progressive memory loss look 
like in the “normal” population? In an effort to 
better comprehend the acceleration of memory 
loss, understanding the “typical” rate of memory 
loss is integral in discussing age-related function-
ing (Buckner,  2005 ). 

 Regarding different facets of memory, mem-
ory for content fairs much better than memory for 
context (Connor,  2001 ). Aging negatively affects 
memory retrieval more so than encoding or stor-
age (Connor,  2001 ). However, data suggests that 
long-term retrieval demonstrates less develop-
mental change than other cognitive abilities 
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(McGrew & Woodcock,  2001 ). Some memory 
abilities demonstrate peaks within the life span 
with declines thereafter; short-term memory 
peaks at approximately 25–30 (McGrew & 
Woodcock,  2001 ). 

 Popular neuropsychological measures of 
executive functioning (e.g., Modifi ed Card 
Sorting Test, the Stroop Test, and the Tower of 
London Test) suggest that speed of processing 
declines with age (Crawford et al.,  2000 ). In 
older individuals the trend for preserved perfor-
mance with highly practiced skills (e.g., semantic 
and autobiographical information) (Buckner, 
 2005 ) is recognized. However, memory for newly 
acquired facts or recall of recent autobiographi-
cal experiences is more likely to be impaired. 

 In Gunstad and colleagues’ work with adults 
with memory defi cits, three clusters were discov-
ered: a group with poor executive function, per-
sons with reduced speed performance (attention, 
executive function, motor), and those with global 
cognitive decline (Gunstad et al.,  2006 ). More 
notably, diminished executive functioning was 
noted compared to younger adults. In other 
words, memory defi cits were never isolated, even 
in healthy subjects; rather they were mediated by 
other factors (Gunstad et al.,  2006 ). In this par-
ticular study, researchers insisted that age-related 
memory impairment is not part of healthy aging 
(Gunstad et al.,  2006 ). These results are some-
what consistent with the work of Naveh- 
Benjamin, Craik, Guez, and Kreuger ( 2005 ) who 
demonstrated that older adults did not demon-
strate signifi cant declines in memory perfor-
mance so long as they could rely on semantic 
knowledge. Those adults who did appear to have 
declining memory performance were utilizing 
increased attentional resources at encoding and 
retrieval stages and were therefore likely using 
less effective strategies for memorization. 

  Working Memory . Working memory is the tem-
porary holding of information in order to carry 
out a mental task (Huizinga, Dolan, & van der 
Molen,  2006 ). Working memory allows for the 
manipulation of information that is immediately 
available. According to Huizinga et al. ( 2006 ), 
working memory is still developing into young 

adulthood. More specifi cally an “adult level” of 
working memory is not readily  established prior 
to 12 years of age (Huizinga et al.,  2006 ). In their 
study, working memory was the strongest predic-
tor of performance on the Wisconsin Card Sorting 
Task for youth 7–21 years of age, compared with 
inhibition and shifting (Huizinga et al.,  2006 ). 
Goral ( 2004 ) supported these claims in establish-
ing that working memory tasks demonstrate age-
related differences with the exception of 
short-term memory. 

 Supported by declines in executive function-
ing, Wang et al. ( 2011 ) reported a marked loss of 
PFC in monkeys with age, specifi cally a decline 
in the fi ring rate of specifi c memory-related neu-
rons. These memory-related neurons were pur-
ported to be associated with aging. It is unknown 
if these changes with normal aging alter the phys-
iological substance of the PFC or not, although 
some research would suggest this is the case. 
Charlton et al. ( 2008 ) noted that reduced white 
matter integrity was correlated with age-related 
declines in working memory, although indirectly, 
as changes in working memory were mediated by 
reduced processing speed effi ciency. 

  Self - Regulation / Attention . Attention abilities 
mediate all other cognitive domains, perhaps 
except for those tasks that are habitual or auto-
matic. Therefore, one could assume that age- 
related declines in attention could signifi cantly 
impact the functioning of older adults across a 
variety of domains (Glisky,  2007 ). Like other 
cognitive domains, however, all subcomponents 
of attention processes do not appear to be uni-
formly affected by normal cognitive aging. 
Glisky noted that older adults demonstrated the 
most signifi cant impairments on attention tasks 
requiring switching or divided attention or fl exi-
bility of attention. Older adults were not differen-
tially affected by distractibility although on the 
whole they were slower than younger adults on 
tasks measuring selective attention. Older adults 
also appeared generally similar to young adults 
on tasks measuring sustained attention or vigi-
lance. Hartman and Stratton-Salib ( 2007 ) also 
noted that older adults struggled with selective 
attention under conditions where there were 
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many stimulus items to choose from, which 
adversely affected their performance on tasks 
measuring concept formation. Thus, attention 
may serve as a mediating factor in age-related 
change among more complex ability areas such 
as concept formation and decision-making in 
healthy older adults (Isella et al.,  2008 ). 

  Processing Speed . Processing speed declines 
with advanced age (Smith & Rush,  2006 ) and a 
plethora of research has demonstrated that age- 
related changes in processing speed are the cata-
lyst for age-related changes in other cognitive 
domains (Finkel & Pedersen,  2000 ; Hertzog & 
Bleckley,  2001 ; Keys & White,  2000 ; Parkin & 
Java, 2000; Zimprich,  2002 ). The biological basis 
for processing speed changes is likely a reduction 
in myelination in areas such as the PFC and genu 
of the corpus callosum (Lu et al.,  2011 ; Posthuma 
et al.,  2003 ). 

 Ghisletta and Lindenberger ( 2003 ) noted that 
the infl uence of processing speed on changes in 
knowledge with increasing age was stronger than 
the infl uence of knowledge on changes in pro-
cessing speed over time. Finkel, Reynolds, 
McArdle, and Pedersen ( 2007 ) indicated that 
declines in processing speed were responsible for 
changes in memory and spatial ability, but not 
verbal abilities. Lemke and Zimprich ( 2005 ) also 
noted that speed changes accounted for a portion 
of the variance in memory changes with age but 
cautioned that their data suggested no single- 
factor theory should be used to explain cognitive 
changes with age. Others have further challenged 
the notion that processing speed accounts for 
such a large portion of cognitive aging on the 
premise that processing speed itself was not 
clearly defi ned and measures of processing speed 
may, in fact, tap other abilities such as fl uid rea-
soning (Parkin & Java,  1999 ). 

 Along these lines, Zimprich and Martin ( 2002 ) 
explored the relationship between speed of pro-
cessing and fl uid reasoning in 417 adults aged 
approximately 62 years at baseline. Adults were 
tested over a 4-year period. The results of this study 
indicated that changes in processing speed and 
fl uid reasoning were correlated at .53 over the 
4-year period and shared only 28 % common vari-
ance. Tucker-Drob, Johnson, and Jones ( 2009 ) 

measured reasoning and speed abilities in 
 individuals ages 65–89 to evaluate the  cognitive 
reserve hypothesis ; that individuals higher in expe-
riential resources would exhibit higher levels of 
cognitive function later in life due to either (a) 
these resources playing a protective role against 
age-related declines or (b) the persistence of high 
functioning present in earlier life. They demon-
strated that individuals demonstrating higher levels 
of cognitive functioning later in life were merely 
refl ecting earlier life differences (their cognitive 
abilities were higher to begin with) rather than dif-
ferences in rates of age- related decline. The fi nd-
ings of Deary, Johnson, and Starr ( 2010 ) further 
supported this claim by noting that individual 
 differences in processing speed evident at age 
70 years were consistent with individual differences 
present at age 11 and thus processing speed was 
not a statistically strong biomarker of age-related 
cognitive change. Genetic factors that impact cog-
nitive abilities at older ages are the same factors 
impacting processing speed at younger ages. 
A combination of these factors and environmental 
infl uences is the likely cause of individual variation 
in later adulthood (Finkel, Reynolds, McArdel, 
Hamagami, & Pedersen,  2009 ). It has been sug-
gested that at least 50 % of the variance in later life 
cognitive ability is accounted for childhood cogni-
tive ability (Gow et al.,  2011 ). 

 Although it appears that processing speed 
may be an important mediator of cognitive func-
tioning in childhood, it may not be the case that 
this relationship remains stable throughout devel-
opment and aging. Nettelbeck and Burns ( 2010 ) 
examined cognitive performance in children and 
adults of increasing age to see if the aging pro-
cess and cognitive changes associated with that 
were a mirror opposite of the increases in cogni-
tive functioning associated with development 
through younger to older childhood. They found 
that for children, increasing processing speed 
positively impacted working memory, which 
allowed for greater reasoning abilities. However, 
the reverse was not the case for aging adults. 
In that case, adults over 55 years of age demon-
strated declining reasoning abilities as a result of 
slower processing speed, but also changes in 
working memory that appeared to be indepen-
dent of processing speed. 
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 To summarize the fi ndings related to the 
impact of processing speed on cognitive decline 
among other cognitive abilities, Salthouse ( 1996 ) 
coined the term  processing speed hypothesis . 
This idea was developed to explain a common 
etiology for various cognitive declines noted with 
advancing age. Salthouse ( 1996 ) based this idea 
on a noted trend in the literature whereby several 
cross-sectional studies, after statistically control-
ling for simple processing speed, demonstrated 
reduced signifi cance of changes among other 
cognitive variables as a result of increasing age. 

 To further evaluate this phenomenon, 
Salthouse ( 1996 ) conducted a longitudinal study 
examining the cognitive performance of 303 par-
ticipants, with a mean age of 77.2 years, over a 
3-year period. The results were indicative of sig-
nifi cant declines in episodic memory, verbal fl u-
ency, verbal comprehension, vocabulary, memory 
span, and attention. Examining the data from the 
point of cross-sectional age effects, Salthouse 
noted that individual differences in processing 
speed accounted for a large portion of the vari-
ance among changes in other cognitive domains. 
However, within-person longitudinal effects 
revealed that while processing speed was still 
noted to play a role in age-related change, it 
accounted for a far smaller portion of the vari-
ance in age-related cognitive change thus 
suggesting that cross-sectional data likely ovser-
estimates the role of processing speed as a major 
factor in age-related cognitive decline. 

  Visual - Spatial Ability . Jenkins, Myerson, Joerding, 
and Hale ( 2000 ) evaluated differences between 
younger and older adults on tasks of visually based 
processing speed, working memory, and paired 
associates learning versus verbally based process-
ing speed, working memory, and paired associates 
learning tasks. Their results indicated that older 
adults’ performance was worse than that of 
younger adults across all tasks, but the greatest 
decrements in performance were noted on visually 
based tasks, suggesting that verbal performance is 
less compromised with age. These results are con-
sistent with other research demonstrating the 
 resistance of verbal abilities (versus visual/perfor-
mance abilities) to age-related changes (Miller 
et al.,  2009 ; Ryan et al.,  2000 ). 

  Language . Language is purported to be affected 
by age, though the problem appears to be related 
more to search and retrieval rather than linguistic 
information (Goral,  2004 ). More specifi cally, of 
the verbal abilities, word fi nding and spelling 
appear to demonstrate the greatest age- related 
declines (Burke & MacKay,  1997 ). Diffi culties are 
noted for lexical retrieval during word production 
and comprehension of complex materials (Goral, 
 2004 ). Goral demonstrated this by comparing indi-
viduals of different age brackets (30s, 40s, 50s, 
60s, and 70s). Findings suggested age was a sig-
nifi cant predictor of overall    scores on the Norton 
Naming Tasks and the Action Naming Tests 
(Goral,  2004 ). The steepest drop in scores was 
observed in individuals 70 and above, though 
decline can be observed as early as 50 years of age 
(Goral,  2004 ). Supporting this fi nding, Barresi 
et al. ( 2000 ) investigated impaired lexical access 
(defi ned as failure to name before and after cues 
were given) and semantic degradation (defi ned 
here as early successful naming with later failures), 
both explanations for age-related declines in nam-
ing. Adults in their 70s demonstrated more diffi -
culty with semantic degradation for object naming 
than other age brackets (Barresi et al.,  2000 ). 

 Analyses of speech have demonstrated declines 
in later life in grammatical complexity, attributed 
to working memory decline (Kemper, Thompson, 
& Marquis,  2001 ). Vocabulary and syntax remain 
intact across the life span of adults. Similarly, 
Barresi et al. ( 2000 ) proposed that vocabulary 
defi nitions remain stable over the life span while 
naming pictures begins to decline after age 30 
(Barresi et al.,  2000 ). Education (e.g., profes-
sional language use, professional reading, and 
reduced television viewing) and age both infl u-
ence naming ability (Barresi et al.,  2000 ). The 
question is why some language and memory fac-
tors are more vulnerable to aging than others 
(Burke & MacKay,  1997 ). Diffi culties arise for 
researchers and clinicians through the span of the 
human life in attempting to understand abilities 
that are preserved versus impaired and the typical 
patterns that emerge (Burke & MacKay,  1997 ). 

  Achievement . In 2004, Grissom demonstrated a 
negative relationship between academic achieve-
ment and age that remains constant over time 
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(Duncan, Brooks-Gunn, & Klebanov,  1994 ; 
Walker, Greenwood, Hart, & Carta,  1994 ). 
Achievement is predicted in neuropsychology by 
measured executive skills. The Woodcock- 
Johnson tests provide further insight into the 
developmental trajectories that occur over the life 
span in terms of cognitive functioning and 
achievement. The norming sample of both the 
Woodcock–Johnson Tests of Cognitive Abilities 
and Tests of Achievement includes data for indi-
viduals aged 2–90 (Mather & Woodcock,  2001 ). 
Subtests for both measures demonstrate growth 
and decline across the life span (McGrew & 
Woodcock,  2001 ). Divergent growth curves sug-
gest unique abilities have different developmen-
tal trajectories over the life span (McGrew & 
Woodcock,  2001 ). 

 To name a few, both cognitive and academic 
fl uency clusters seem to follow different develop-
mental trajectories; cognitive fl uency demon-
strates less growth overall than academic fl uency 
(McGrew & Woodcock,  2001 ). In contrast, the 
change noted from age 5 to 90 for comprehension- 
knowledge suggests a different story, with greater 
change observed (McGrew & Woodcock,  2001 ). 
In terms of academic achievement, reading and 
writing abilities are increasing during formal 
schooling (ages 5–18) and do not demonstrate a 
dramatic decline with age. The Oral Expression 
cluster does not peak until age 50–60 (McGrew 
& Woodcock,  2001 ). Single-word reading/decod-
ing, or phonics abilities   , is highly correlated with 
overall cognitive functioning but is also relatively 
insensitive to aging and early dementias (McGurn 
et al.,  2004 ).  

    What Does the Current Literature 
Tell Us About What Happens to 
Executive Functioning with Age? 

    It is known that many conditions involve diffi cul-
ties with executive functioning: autism spectrum 
disorders, attention defi cit-hyperactivity disor-
der, conduct disorder, oppositional defi ant disor-
der, obsessive-compulsive disorder, depression, 
and anxiety. Developmental issues at each point 
in the life span can be better addressed with an 
understanding of executive functioning from 

young childhood to late adulthood (Best et al., 
 2009 ). Often times, the research that explains 
executive functioning is primarily aimed towards 
school age children and discussions surrounding 
attention defi cits. While this may better explain 
the prevalence rates for ADHD among school 
age children, in more recent years, the impor-
tance of examining executive functioning across 
the life span has become a focus, not only in this 
chapter (e.g., Best et al.,  2009 ). For example, 
older adults do not perform as well as their 
younger counterparts for tasks measuring 
 executive functioning (e.g., Wisconsin Card 
Sorting Task, Trails B, Tower of London tasks, 
and Stroop tasks) (Daniels et al.,  2006 ). In the 
1980s, Hasher and Zacks suggested that 
decreased performance in older adults was the 
outcome of ineffi cient inhibition, thus increasing 
the effort necessary to concentrate and avoid dis-
traction (Goral,  2004 ). 

 In the past, working memory, attention, and 
inhibition have been linked to playing major 
roles in cognitive aging (Salthouse et al.,  2003 ). 
On one side of the argument, a general reduc-
tion in resources for cognitive processing has 
been proposed as a viable explanation rather 
than the view that declines exist for  specifi c  
components of executive functioning. One 
hypothesis explaining the foundation for  gen-
eral cognitive slowing  explains that defi ciencies 
may rest within impaired processing ability (see 
earlier discussion of processing speed). This 
view that coined a  general reduction hypothesis  
has been  supported by many researchers during 
the past 30 years (e.g., Daigneault & Braun, 
 1993 ; Daigneault, Braun, & Whitaker,  1992 ; 
Mittenberg, Seidenberg, O’Leary, & DiGiulio, 
 1989 ; Crawford et al.,  2000 ), and so too may 
processing speed mitigate changes in executive 
abilities. Stewart, Scarisbrick, and Golden 
( 2011 , August) noted that executive functioning 
increases with age, while processing speed 
shows age-related declines and noted that pro-
cessing speed may mediate the relationship 
between  age- related changes in executive func-
tioning. “Problematic, however, is the possibil-
ity that performance on executive tasks may be 
determined by more than one executive process” 
(Daniels et al.,  2006 ). 
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 Beginning in middle adulthood to expiration, 
executive functioning, memory, and attention 
begin to decline (Gunstad et al.,  2006 ). As early 
as the mid-twenties, deterioration may occur in 
the “biological framework of thinking and rea-
soning” (Gunstad et al.,  2006 ). Crawford et al. 
( 2000 ) investigated the  executive decline hypoth-
esis of cognitive aging . They conducted two stud-
ies with adults aged 18–75 years and 60–89 
years, respectively, to examine whether aging 
was associated with changes in executive func-
tioning independent of performance changes in 
other cognitive domains. Although the studies 
were cross-sectional in nature, which have been 
criticized as resulting in overly robust fi ndings 
(see discussion of processing speed above), 
Crawford and colleagues noted that there was no 
apparent differential decline in executive func-
tioning as compared with measures of general 
cognitive ability (as measured by the WAIS-R; 
Wechsler,  1981 ). Although executive functioning 
was linked to age-related declines in measures of 
memory, processing speed appeared to be the 
mediating variable. Furthermore, executive func-
tioning and general cognitive ability accounted 
for similar amounts of variance in age-related 
memory declines, with executive functioning 
making only a small unique contribution. 

 In summary, it appears that executive func-
tioning, as it is currently measured (by tasks such 
as the Wisconsin Card Sorting Test and Tower of 
London Test), may demonstrate declines with 
age (Daniels et al.,  2006 ), although it may only 
make a few independent contribution to changes 
in other cognitive functions as a result of normal 
aging (Crawford et al.,  2000 ).  

    Implications 

 Earlier we discussed executive functioning, or 
 effi ciency , not only as a single entity but also as a 
mediator of other cognitive functions (i.e., the 
effi ciency with which an individual applies his 
or her knowledge or ability to deal with everyday 
life). Given what we know about age-related 
changes in other areas of cognitive functioning, 
where might we posit that executive functioning 

is playing a role? Is it the case that true declines 
are observed in intelligence (specifi cally percep-
tual reasoning; Ryan et al.,  2000 ), memory for 
context and retrieval of that contextual informa-
tion more so than encoding or storage (Connor, 
 2001 ), working memory (Goral,  2004 ), selective 
and divided attention (Glisky,  2007 ; Hartman & 
Stratton-Salib,  2007 ), processing speed 
(Salthouse,  1996 ; Finkel & Pedersen,  2000 ; 
Hertzog & Bleckley,  2001 ; Keys & White,  2000 ; 
Parkin & Java,  2000 ; Zimprich,  2002 ), and 
 language abilities, specifi cally naming (Barresi 
et al.,  2000 ; Goral,  2004 )? Or is it that executive 
functioning changes as the consequence of nor-
mal aging has reduced our capacity to utilize our 
innate abilities to effectively deal with everyday 
life, solve novel problems, and perform in alli-
ance with our younger counterparts? Let us con-
sider, for example, the work of Gunstad et al. 
( 2006 ) who demonstrated that memory perfor-
mance declines with age was mediated by others 
factors (one of which was executive functioning). 
Age-related changes in nonverbal reasoning (evi-
dent from research demonstrating reductions in 
perceptual reasoning on measures of intelligence; 
Ryan et al.,  2000 ) could very well be the result of 
reduced  effi ciency , or executive functioning, in 
utilizing what we have to solve these problems, 
whereas tasks that are more knowledge based 
(tasks measuring verbal reasoning) remain more 
stable over time. The research we have reviewed 
overall appears to generally support that much of 
our knowledge remains intact over time, but our 
abilities are altered for the worse. We utilize 
innate abilities to acquire knowledge and we 
coordinate these two areas, via executive func-
tioning, to solve everyday problems and perform 
higher order tasks. Once this performance 
becomes more habitual, or overlearned, our abili-
ties are not as necessary for performance, and the 
tasks become more knowledge based. Thus, we 
could propose that the role of executive function-
ing, as we have defi ned it, is only necessary for 
tasks that are newly learned and that therefore, 
declines in executive functioning with age would 
result in diffi culty performing tasks that are 
newly learned or still required the integration of 
knowledge and abilities, which is consistent with 
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some of the existing literature (e.g., Buckner, 
 2005 ; Naveh-Benjamin et al.,  2005 ). 

 Despite all of this, the database of literature 
examining age-related changes in executive func-
tioning is still very much in its infancy and is 
clearly not without its own limitations.  

    Limitations to Current Knowledge 

 Virtually the same factors that limit the study of 
executive functioning as an independent construct 
also limit our ability to understand the impact of 
age-related change. The number of variables pro-
posed (Salthouse,  2005 ) to be subsumed under 
the heading of executive functioning is astound-
ing and creates a substantial defi cit in the existing 
literature because so many of these variables have 
gone unexplored as they relate to normal aging. 
Additionally, the measurement of executive func-
tioning is elusive because of the correlation that 
exists between these measures and those tapping 
other cognitive abilities (Hedden & Yoon,  2006 ; 
Salthouse et al.,  2003 ; Salthouse,  2005 ).  

    Summary and Conclusions 

 A multitude of research studies support that cog-
nitive functioning does not remain stable over 
time and that a number of declines are observed 
in light of advancing age, particularly in older 
adulthood. This research also supports the notion 
that different domains of functioning decline at 
varying rates and acquisition of new knowledge 
and novel problem solving appear to decline at 
faster rates than existing knowledge (Zimprich 
et al.,  2008 ). If this were true, it would be congru-
ent with our proposed defi nition of executive 
functioning, the effi ciency with which we utilize 
our knowledge and abilities to deal with everyday 
life. This may be a more simplistic yet more sen-
sible way to defi ne and understand executive 
functioning and its impact on other cognitive 
abilities, which we use to acquire new knowledge 
as opposed to the vast number of other defi nitions 
that have been proposed. Studies of biological 
changes correlated with age-related decline have 

demonstrated  volume loss in the brain due to 
reduced myelination. The brain areas in which 
this occurs most often have been proposed as 
those responsible for controlling executive func-
tioning. However, as previously discussed, the 
concept of executive functioning and the tools 
suggested to measure it are poorly defi ned and in 
some ways based in circular logic. Any defi nition 
proposed in the future, including our own, will 
need to be subjected to rigorous research demon-
strating its convergent and divergent validity 
(Salthouse et al.,  2003 ).     
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