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 Healthy aging has been associated with declines in executive functioning (EF) but 

it remains unclear how different subprocesses of EF are affected by age and by other 

possibly mediating variables. The principal aim of the present study was to investigate 

the effects of age and processing speed on three executive functions: set-shifting, 

planning, and attentional control. Four age groups (20-29 years, 60-69 years, 70-79 years, 

and 80-89 years) were compared on the Wisconsin Card Sorting Test (WCST), the D-

KEFS Tower Test, the Conner’s Continuous Performance Test, and a Letter comparison 

test of processing speed. Results suggested that increased age was associated with 

decreased performance on most of the studied executive measures, but not all EF are 

equally affected by age. A slowdown in processing speed mediates some, but not all, 

decrements in executive performance. The results are interpreted in light of recent 

neuroimaging data on age-related changes in brain functioning.  
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I. INTRODUCTION 

Executive functions: Definition and assessment  

 Unlike concepts such as memory, language, or attention, the concept of executive 

function is not intuitively understood by the lay public as one of the essential cognitive 

abilities of humans. Executive abilities, however, lie at the heart of all purposeful and 

productive human behavior; our capacity to maintain a functionally independent life and 

to behave in a socially acceptable manner depends on an intact executive system. 

Executive functions enable individuals to solve problems. Whether it is planning a meal, 

balancing a checkbook or following doctors` orders, executive skills are essential for 

performing successfully everyday activities of adult life. A clear understanding of this 

construct is imperative in the study of human neuropsychology.  

Despite the frequency with which it has been used in the psychological literature for the 

last four decades, ever since its insertion into the scientific vocabulary in the late 70’s, the 

concept of executive functions remains poorly defined. It has oftentimes been 

characterized through a list of behaviors believed to make up a central executive system, 

and thus Hobson and Leeds (2001) define it as our ability to plan, initiate, preserve and 

alter goal-directed behavior, while Elliot (2003) characterizes executive functions as the 

capacity to solve novel problems, modify our behavior in light of new information, 

generate strategies and sequence complex actions. Some authors define executive skills 

as a collection of processes responsible for directing cognitive, emotional, and behavioral 

functions (Gioia et al, 2000), while others define them by reducing them to a single 
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aspect or factor, such as inhibition or working memory (Barkley, 1997; Kimberg & 

Farah, 1993). Common definitions of executive functions also include that of Lezak 

(1982) who described them as those capacities for formulating goals, planning, and 

carrying out plans effectively, and that of Norman and Shallice (1986) who include the 

abilities of planning, inhibition, and abstraction of logical rules under their supervisory 

attentional system (SAS), a model of high level cognition. The examples presented on 

Table 1 demonstrate the diverse lists of sub-processes that are believed to make up 

executive abilities and the myriad definitions available for this construct. An alternative 

approach to defining executive function is to emphasize just one aspect of it, such as 

inhibitory control, and try to explain all dysexecutive behaviors as resulting from the lack 

of this one central ability (Dempster, 1992; Barkley, 1997; Zelazo & Muller, 2002).  

Despite some controversy regarding the accuracy of our current characterization 

of executive abilities, with some authors even arguing that it is not even a true 

psychological construct (see Parkin, 1998) there is relative agreement in terms of the 

importance of some of the skills encompassed under this concept for human adaptive 

behavior. Executive skills facilitate quick shifts in mind set in response to a constantly 

changing environment and permit the inhibition of over-learned behaviors in order to 

succeed at novel tasks or situations. They mediate our capacity for organizing thoughts in 

a goal-directed way, developing a plan to resolve a specific problem, and executing that 

plan until its completion. Impairments in executive functions might also lead to 

inappropriate social conduct, problems with decision making, and in demonstrating good 

judgment (Strauss, Sherman & Spreen, 2006) As long as executive functions are intact, a  
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person who has sustained considerable cognitive loss can still continue to be independent 

and productive (Lezak, Howieson & Loring, 2004).  

 
Table 1. Components of executive functions 
 
Author(s)   Components of executive function 
 
Lezak (1983)   Volition, planning, purposive action, effective  
    performance 
 
Lafleche & Albert (1995) Cognitive flexibility, concept formation, cue-directed 

behavior 
 
Borkowsky & Burke (1996) Task analysis, strategy control, strategy monitoring 
 
Pineda et al. (1998) Self-regulation, attentional and cognitive control,  

temporal organization of responses to immediate  
stimuli, planning 

 
Smith & Jonides (1999) Attentional control, task management, planning,  

updating working memory, contextual coding of 
representations 

 
Anderson et al. (2001) Attentional control, cognitive flexibility, goal setting 
 
Delis et al. (2001) Flexibility of thinking, inhibition, problem-solving, 

planning, impulse control, concept formation,  
abstract thinking, creativity 

 
Hobson & Leeds (2001) Planning, initiation, perseveration and alteration of  

goal-directed behavior 
 
Adapted from Jurado & Rosselli (2007) 

 

Consensus has also been reached regarding the inclusion of some basic cognitive 

processes under the label of executive functioning such as cognitive flexibility, response 

inhibition, planning and self-regulation of behavior (Eslinger, 1996). Executive function 

research emphasizes the distinction between routine cognitive skills, those which have 
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been overlearned through practice or repetition (Burgess & Shallice, 1993), and those 

skills needed when a novel task is encountered and the individual must “recognize, 

evaluate, and choose among a variety of alternative options” (Rabbitt, 1997, pg.3) the one 

best fitted to solve that particular task.  

Several key features of executive functions were described by Rabbit (1997). The 

first and most important characteristic is that dealing with novelty. Executive control is 

necessary to deal with novel tasks but is not engaged when automatic processes are at 

work. Secondly, executive control goes beyond what is currently represented in the 

internal or external environment; it is able to reinterpret the past as well as attempt 

control over the future. Executive functions permit ongoing sequences of behavior to be 

stopped for a new action sequence to be initiated; they allow rapid switching from one 

task to another while preventing responses that are inappropriate or that were appropriate 

for the previous task performed. Executive functions are necessary for the monitoring of 

performance, to detect and correct errors, or implement new strategies of problem-

solving. Finally, executive control enables attention to be sustained over long periods of 

time, while concentrating on the overall task goal. 

The study of executive functions has its roots on historical accounts of patients 

with frontal lobe damage. These patients demonstrated impairments in judgment and 

decision making, in planning and organization while at the same time general intellectual 

functions, long-term memory, and perceptual and motor skills were intact (Stuss & 

Benson, 1984; Funahashi, 2001). The group of behavioral and cognitive abnormalities 

found in frontal patients became to be known as the “dysexecutive syndrome” (Baddeley 
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& Wilson, 1988). Luria (1962) described that even in the mildest forms of frontal lesion 

the patient is only able to perform simple and mechanical actions; 

When asked to perform relatively more complex actions, in the course of which 
the subject is exposed to many types of stimuli and has to inhibit irrelevant 
actions, his behavior often loses its selectivity; his goal-directed actions are easily 
replaced by irrelevant stereotyped reactions or by uncontrollable perseverations. 
(p. 294) 

 
Luria concluded that the main role of the frontal lobes was the programming, 

regulation and verification of behavior (Luria, 1973). The observed dysexecutive 

impairments could not be explained by the failure of one particular function such as 

perceptual skills, but rather by the failure of the coordinated operation of various 

processes. The metaphor of an executive, or director, began to be used to identify those 

high level skills that were impaired after frontal damage which were involved in the 

regulation and coordination of lower level cognitive processes. “Executive functions” 

thus became associated with the functioning of the frontal lobe. Although frontal regions 

are involved in many more functions than those related to executive processing, the 

concepts of “frontal functions” and “executive functions” are often used interchangeably 

which causes problems of both definition and level of analysis. Moreover, a circularity of 

argument arises when most empirical studies have used individuals with frontal lobe 

damage to validate executive measures (Keil & Kaszniak, 2002) while at the same time 

individuals who perform poorly on executive measures were concluded to suffer from a 

frontal deficit. (Alvarez & Emory, 2006; Phillips, 1997).  

In addition to the problem of interchangeably using both psychological and 

anatomical definitions of executive function, research, as well as clinical assessment of 

executive abilities, has been plagued by a variety of other difficulties. Many of the tests 
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traditionally purported to measure executive functions are multi-factorial in nature, 

triggering, during performance, non-executive processes unrelated to the task (Hughes & 

Graham, 2002; Stuss & Alexander, 2000). This “task impurity” is highly prevalent in 

executive measures due to their complex nature; executive tasks will engage practically 

all cognitive systems in addition to the executive (Burgess, 1997). To isolate an observed 

deficit as executive, one must then be able to identify practically all other non-executive 

contributions to the task. There are some psychological processes which manifest 

themselves only in one type of situation: the face recognition system, for example, is 

highly dedicated to instances where faces must be recognized, but is not activated when 

geometrical figures or words are shown (Burgess, 1997). Executive behaviors, on the 

other hand, are evident in a wide range of situations. A problem of low process-behavior 

correspondence is evident in executive function research as similar behaviors can have 

quite different causes (Burgess, 1997). At the same time, impairments of the executive 

system can manifest themselves in a variety of behaviors such as lack of self-control 

(Lezak et al., 2004), confabulations (Parkin, 1997), inability to plan ahead (Carlin et al., 

2000), and false recognition (Parkin et al., 1999).  

In order for a test to be a useful assessment tool it needs to be reliable and valid. It 

has been difficult to establish the reliability of executive tests as executive measures need 

to be novel (Phillips, 1997). A task that is well practiced is unlikely to require effortful 

processing and engage the executive system; administering an executive test for the 

second time to obtain test-retest reliability is therefore invalid.  Construct validity is also 

problematic as most tests use summary or endpoint scores which fail to enable the 

isolation and quantification of specific features of executive processing (Jurado & 
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Rosselli, 2007). Moreover, since executive functions regulate other cognitive processes, it 

is difficult to obtain a pure executive measure that does not include other aspects of 

cognition (Phillips, 1997).  Finally, it is impossible to determine the construct validity of 

a test when the construct itself is ill-defined.  

Two additional limitations have been identified which relate to the ecological 

validity of executive measures and to they way in which they are commonly assessed. It 

is generally assumed that poor performance in executive function tests is associated with 

poor performance in everyday activities outside the test setting. This is not always the 

case and it remains unclear how well performance on laboratory tests of executive 

function are able to reflect problems that the patient faces in real life. Limited ecological 

validity has been found for subtests of the Behavioral Assessment of the Dysexecutive 

Syndrom (BADS) battery in patients with severe head trauma (Wood & Liossi (2006). 

Moderate correlations have also been found between the Hayling and Brixton executive 

tests (Burgess & Shallice, 1997) and assessment of disability among brain injured 

patients (Odhuba, van der Broek & Johns, 2005). The addition of functioning and 

adaptive scales, as well as behavior rating inventories, to the traditional assessment of 

executive functioning is suggested to improve ecological validity (Chaytor,  Schmitter-

Edgecomb & Burr, 2006; Isquith, Gioia & Espy, 2004).  

Executive function assessment, which attempts to measure things like behavior 

initiation, decision-making, and impulse control, is oftentimes highly structured with the 

examiner determining when and how a task must be executed by the patient. The 

examinee is not usually left with sufficient leeway to analyze and choose alternatives for 

the completion of the task. This is suggested as another limitation in the evaluation of 
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executive functioning with the danger for the test administrator to “become the frontal 

lobes” of the patient (Stuss & Alexander, 2000).  

Among the many questions that remain unanswered based on our current 

understanding of executive functions is the fundamental question of whether executive 

function is one or many: is the term executive function a label for a multitude of related, 

but distinct components, or is there one single underlying ability which explains 

everything else. Clinical observation has demonstrated a dissociation in performance 

among executive tasks where a patient may fail the Wisconsin Card Sorting Test 

(WCST), but not the Tower of Hanoi (TOH) test, both commonly-used measures of 

executive function (Godefroy et al., 1999). Whereas this suggests a fractionated executive 

system with different individual skills differently impaired, there is evidence to support 

both hypotheses of unity and diversity.  Duncan, Emslie & Williams (1996), for instance, 

believe in the existence of a central factor underlying executive functioning which they 

identify as goal neglect. This type of deficit is present in frontal lobe patients and is 

highly linked to Spearman’s “g” suggesting that executive functioning can be reduced to 

general intelligence.  Evidence for this theory is presented in the form of a high 

correlation between executive and intelligence tasks, specifically Cattell’s culture fair test 

(Cattell, 1949), a low correlation usually found among executive tasks, and more recently 

through the observation of functional imaging data showing similar activation patterns in 

seemingly quite disparate tasks (Duncan & Owen, 2000; Duncan, Burgess & Emslie, 

1995; Andrewes, 2002).  

Other factors suggested to underlie all other executive skills are behavioral 

inhibition, and working memory (Barkley, 1997; Pennington et al., 1996). Similarly, 
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Salthouse (2005) observed that performance on the WCST and tests of letter and category 

fluency were strongly correlated with reasoning ability and perceptual speed nominating 

these two as core executive skills. Additionally, strong correlations were found between 

executive measures and fluid intelligence tasks such as Ravens Progressive Matrices 

suggesting that there is no true executive construct and providing evidence for those who 

equate executive functioning with general intellectual ability (Salthouse, Atkinson & 

Berish, 2003; Obonsawin et al., 2002). Several authors, however, have not been able to 

find these reported significant correlations between executive and general intelligence 

measures (Ardila, Pineda & Rosselli, 2000; Crinella & Yu, 2000; Friedman et al., 2006). 

Ardila, Pineda & Rosselli (2000) found few significant correlations between IQ scores 

and executive function measures concluding that the planning and control of behavior, as 

well as the direction and organization of cognition are not appropriately appraised by 

psychometric intelligence tests. Similar findings were produced by Miyake et al. (2000) 

who studied three often-postulated aspects of executive function, mainly shifting between 

mental sets, updating information in working memory, and inhibition of dominant 

responses. Using a latent variable analysis to alleviate problems of task impurity, these 

authors concluded that the three executive functions studied are “separable but 

moderately correlated constructs” (p. 87) contributing differentially to performance on 

complex executive tasks. The source of commonality between the three executive tasks 

was not identified in the study, but possible candidates are a basic inhibitory mechanism, 

and maintenance of goal and context information in working memory. These findings are 

supported by a highly consistent pattern across studies showing a low intercorrelation 
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among executive measures (r= .40 or less) often lacking statistical significance (Lehto, 

1996; Miyake et al., 2000; Salthouse et al., 2003).  

The simultaneous unity and diversity of executive function, in terms of brain 

localization, has been also indicated through neuroimaging data. Collette et al. (2005) 

found common frontal and parietal areas that were activated by the three executive 

functions, inhibiting, updating, and shifting, while at the same time activation of unique 

frontal areas occurred for updating and shifting functions. Treating executive functioning 

as a multicomponent construct has led to a better understanding of the involvement of 

executive control in other cognitive processes, (Friedman et al., 2006), the nature of 

executive deficits associated with different clinical disorders such as ADHD or autism 

(Geurts et al., 2004), and the relationship between executive laboratory measures and 

real-world skills (Friedman et al., 2008). Authors have also reexamined old executive 

function models to take into account the problem of fractionation (Baddeley, 2002; 

Shallice , 2002).  

 

Theories and models of executive function  

A variety of theories have been proposed to integrate the control processes of the 

frontal lobe into a coherent framework. These models range from single system 

frameworks that suggests that damage to a single process or system is responsible for 

different executive symptoms (Cohen, Dunbar & McClelland, 1990; Grafman, 2002), to 

construct-led theories where one cognitive construct such as general intelligence is a key 

function of the frontal lobes (Duncan et al., 1996), to multiple process theories which see 

the executive system as consisting of a number of components that work together but can 
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be examined independently (Burgess & Simmons, 2005). Some of these theories are 

described below.  

Baddeley & Hitch (1974): The central executive   

Baddeley & Hitch (1974) proposed a model of working memory that included a 

central executive responsible for the regulation and control of cognitive processes and 

subserved by two slave systems, a phonological loop and a visualspatial sketchpad. 

(Baddeley, 2002). A third slave system, the episodic buffer, was later added (Baddeley, 

2000). The central executive is characterized as a system of attentional control, able to 

retrieve information from storage, reflect on that information and manipulate and modify 

it as needed (Baddeley, 2000). The functions of the central executive can be analyzed 

using the dual-task paradigm in which two simultaneous tasks must be performed and 

where failures of executive control are the most evident (Baddeley, 2002). Although the 

idea of a central executive has been understood as suggesting a homuncular nature of 

executive processing, Baddeley (2002) emphasizes that it does not reject the possibility 

of a fractionality of the central executive with suprocesses that could be, and in fact have 

been, mapped anatomically.  

 

Norman & Shallice (1986): Supervisory Attentional System 

A four-level system was proposed by Norman and Shallice (1986) to describe 

mechanisms of control over well-rehearsed routine behaviors. The first level consisted of 

simple cognitive units, simple abilities such as reading a word. The second level 

consisted of schemata or groups of cognitive units that became closely associated with 

each other through repetition. A mechanism of “contention scheduling” was at the third 
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level which allows for the selection of routine behaviors based on incoming stimuli in 

well-known situations (Burgess & Simmons, 2005). The highest level of control was the 

Supervisory Attentional System (SAS) which would be engaged when situations are 

encountered that are novel and not well rehearsed.  These situations require planning for 

future actions, making decisions, and working with novel stimuli; the automatic 

activation of simple behaviors such as reading a word would not be sufficient for optimal 

performance. Other instances that necessitate the activation of a SAS include correction 

or errors, novel sequencing of actions, and overcoming technical difficulties or strong 

habitual responses (Shallice & Burgess, 1991). A central aspect of this theory is the 

distinction between automatic (routine) and controlled (non-routine) processes, a 

distinction that has been deemed by some authors as insufficient for explaining executive 

control in favor of a model with multiple levels of control (Stuss & Alexander, 2000).   

 

Stuss & Alexander (2000): Multiple levels of control 

 A simple control vs. automatic distinction was insufficient to some authors to 

explain the complexities of executive functioning (Stuss & Alexander, 2000). Three 

levels of monitoring were proposed by Stuss (1992) that are mediated by frontal areas in 

cooperation with subcortical systems. The first level includes regulation of routine, 

automatic or overlearned activities that are executed frequently. The second level of 

processing includes executive and supervisory functions which synthesize information to 

organize goal-directed activity. The third and highest level of processing is awareness of 

oneself and the environment. Self awareness is believed to be mediated by prefrontal 

areas while extensive connections between the frontal lobe and limbic and posterior 
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cortical regions allow lower-order behaviors. In addition, Stuss & Alexander (2000) 

advocate for a non-unitary view of executive functions and that the Supervisory 

Attentional System (Norman & Shallice, 1986) is a sum of multiple processes that are 

engaged during the execution of a complex task in a variety of brain areas. 

 

Fuster (2002): Temporal integration framework 

 In order to execute a goal-directed behavior, it is necessary for the prefrontal 

cortex to “integrate temporally separate units of perception, action, and cognition into a 

sequence toward a goal” (Fuster, 2002; p. 99). Temporal integration is enabled through 

extensive connections between the prefrontal cortex, subcortical structures, and other 

areas of the neocortex (Fuster, 2002). There are four cognitive structures essential for 

temporal integration which include attention, working memory, preparatory set, and 

response monitoring. Performance of a goal-directed action requires attention to be 

focused on the necessary information, working memory to retain that information for 

prospective action, preparatory set to select and prepare established motor acts, and 

inhibitory control to suppress interference from either external distracters or internal 

inappropriate sensory and motor memories (Burgess & Simmons, 2005). The cognitive 

structures are linked across time through retrospective and prospective functions. 

Following Fuster’s proposal, it has been suggested that the frontal lobe is the only 

cortical region capable of integrating “motivational, mnemonic, emotional, 

somatosensory, and external sensory information into unified, goal-direction action” 

(Royall et al., 2002, p. 379).  
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Zelazo, Carter, Reznick & Frye (1997): Problem solving and executive function as a 

macroconstruct 

 Zelazo and colleagues (1997) are influenced in their conceptualization of 

executive functioning by Luria’s idea of “interactive functional systems” (Luria, 1973). 

They view executive functions as complex functions, or macrostructures, an idea that 

captures the way in which distinct executive subfunctions work together to accomplish a 

higher-order function. In their framework, the higher-order function accomplished by 

executive function is problem-solving which they divide into four temporally and 

functionally discrete phases. Problem representation is the first phase, followed by 

planning and selection of a plan among alternatives; execution of the plan then requires 

the plan to be held in mind while eliminating interference, and finally evaluation requires 

error detection and correction, or a revision of the previous phases of problem-solving. 

The major advantage of this framework is that it allows for the assessment of the main 

outcome of executive function (i.e. whether or not the problem was solved) but it also 

permits the identification of failures in the temporal sequence of problem-solving (Zelazo 

et al., 1997). Complex functions such as these cannot be represented exclusively in the 

frontal areas, but require the integrity of the whole brain (Zelazo & Muller, 2002)  

  

Cerebral organization of executive functions  

 Neuroimaging methods have been able to confirm the involvement of the frontal 

areas of the brain in those behavioral and cognitive processes that were once observed to 

be impaired in frontal patients. Although early observation suggested a homogenous 

involvement of the frontal lobes, and specifically the prefrontal cortex, distinct executive 
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functions are now accepted to be associated with different regions of the frontal lobe 

(Stuss & Alexander, 2000; Stuss et al., 2000; Koechlin et al., 2000) as well as distributed 

over a wide cerebral network including subcortical structures and thalamic pathways 

(Lewis et al., 2005; Monchi et al., 2006; Kassubek et al., 2005).  

 Both frontal and posterior areas of the brain have been associated with executive 

control (Collette and van der Linden, 2002). Wager and Smith (2003) demonstrated in a 

recent meta-analysis that different executive functions are mediated by distinct cerebral 

areas. Manipulation of information necessary for dual-task processing, for instance, 

activates the right inferior prefrontal cortex, while the superior frontal cortex is activated 

when information must be updated continuously as well as when memory for temporal 

order needs to be maintained. Similarly, Stuss et al. (2002) suggested a differentiated 

brain organization of executive functions with right dorsolateral frontal areas involved in 

monitoring behavior, while the left dorsolateral frontal cortex is involved in verbal 

processing such as that required by verbal fluency tasks (Frith et al, 1991).  

 The focus on the brain localization of executive functions within the frontal lobe 

has been criticized in favor of a perspective that emphasizes connectivity between frontal, 

posterior, and subcortical brain areas (Parkin, 1998; Elliot, 2003; Collette and van der 

Linden, 2002). Although it is clear that frontal areas are not sufficient to explain all 

executive control processing, an intact prefrontal cortex is necessary for optimal 

executive control.   
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The prefrontal cortex  

Among the frontal areas most commonly associated with executive processes is 

the prefrontal cortex (PFC). The PFC is a phylogenetically recent structure which 

nonetheless comprises more than 30% of the brain’s weight and surface area (Fuster, 

1980). The PFC is made up of several architectonically distinct areas which differ in 

terms of their connections with more posterior cortical areas as well as subcortical 

structures (Petrides & Pandya, 2002). Regions of the PFC that are closely related to 

executive function consist of agranular cortex with a distinct layer IV rich in inhibitory 

GABAergic inerneurons (Royall et al., 2002).  

The observed activation of prefrontal cortices by a wide range of executive tasks 

suggests that they are involved in general executive processes. Owen (2000) suggests that 

ventrolateral PFC areas select information necessary during executive tasks, while the 

dorsolateral PFC monitors this information. Another proposed function of the 

dorsolateral PFC includes the temporal ordering of representations that need to be 

processed (Wager & Smith, 2003) as well as the selection and initiation of processes that 

need to be carried out in accordance with the rules and goals of the task (Fuster, 2002). 

The PFC is extensively connected with other brain areas. Afferents it receives 

from posterior association cortex and subcortical structures provide important 

information about memory and perceptual processes; efferent projections allow the PFC 

to regulate and modify information processing in posterior and subcortical areas (Petrides 

& Pandya, 2002).  
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Subcortical contributions to executive function 

The PFC has bilateral connections with many other brain areas including basal 

ganglia, limbic circuit, association cortices, and brainstem nuclei. These connections 

allow the PFC to receive information from a variety of brain regions and modify it. 

Frontal-subcortical circuits project to the basal ganglia, then to thalamus, and finally back 

to the PFC (Alexander et al., 1986). These circuits project to specific striatal regions in a 

topographical fashion and remain segregated throughout the basal ganglia and thalamus 

(Middleton & Strick, 2000). One of these circuits has been closely associated with 

executive control.  

 The dorsolateral circuit originates on the dorsolateral surface of the anterior 

frontal lobe.  Connections are then sent to the dorsolateral head of the caudate nucleus, 

the lateral aspect of the dorsomedial globus pallidus internal, and the rostrolateral 

substantia nigra pars reticulata (Selemon & Goldman-Rakic, 1985; Parent & Hazrati, 

1995). The circuit is closed by projections to the mediodorsal thalamus which then 

connects to Brodmann´s areas 9 and 46 of the dorsolateral frontal lobe (Giguére & 

Goldman-Rakic, 1988).  

 In addition to the dorsolateral circuit, other important frontal-subcortical 

connections involve the orbitofrontal and anterior cingulate circuit. While these circuits 

are involved in mediating socially-appropriate behavior and emotional expression 

correspondingly, the dorsolateral circuit is the one most commonly associated with 

executive functioning (Taylor & Saint-Cyr, 1995). Performance on tasks of verbal and 

fluency design, problem-solving, set-shifting, and self-monitoring have been attributed to 

this circuit (Taylor & Saint-Cyr, 1995; Taylor, Saint-Cyr & Lang, 1986).  
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The unity versus diversity debate of executive functioning has also permeated to 

the study of its neural substrates. Recent neuroimaging data provide evidence for both 

unity and diversity of executive processes. Using positron emission topography (PET), 

Collette et al. (2005) found that common areas of the brain are activated by distinct 

executive functions, mainly updating, shifting, and inhibition. These areas included the 

posterior regions of the left parietal gyrus, the right intraparietal sulcus, and to a lesser 

degree the left middle and inferior frontal gyri. At the same time, each distinct executive 

function activated specific regions. Bilateral activation of both anterior and posterior 

areas occurred when individuals were faced with tasks related with updating information 

in working memory; shifting tasks activated the parietal lobe and the left middle and 

inferior frontal gyri; inhibitory processes did not show extensive specific frontal lobe 

activation. This study evidences the critical role that the parietal cortex seems to play in 

executive functioning. It is suggested that while prefrontal areas are involved in strategic 

processes, with individuals varying in the type and frequency of strategies used, parietal 

areas are involved in more basic attentional processes that are essential during executive 

performance.   

The neural substrates of executive functioning have also been characterized by the 

presence of both sustained and transient cerebral activity as determined using fMRI 

analysis. One study demonstrated that when information that has become irrelevant needs 

to be supressed, transient activity is observed in the ventromedial PFC (Collete et al., 

2005). During a shifting task, while task-set information must be maintained transient 

activation was observed in the lateral PFC (Braver, Reynolds & Donaldson, 2003). 
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Age-related changes in executive function 

 Investigations about the age-related changes in executive functioning have 

yielded varied and oftentimes contradictory results. While some authors argue for a 

distinct decline of executive functions with aging (West, 1996; Plumet et al., 2005; de 

Luca et al., 2003; Keys & White, 2000; Mejia et al., 1998; Fisk & Sharp, 2004) others 

believe in a more global deterioration of cognitive skills (Salthouse, 1996). A better 

understanding of the effects of age on executive control is important, however, as poor 

performance on executive measures has been found to be predictive of decline in the 

functional living skills of elderly individuals (Grigsby et al., 1998). When compared to 

tasks that engage other cognitive domains, tests of executive function are more predictive 

of loss of instrumental activities of daily living in the elderly (Cahn-Weiner et al., 2000) 

as well as of future development of mild dementia (Nathan et al., 2001) and Alzheimer’s 

disease (Rapp and Reischies, 2005). Poor performance on executive tasks has been 

correlated with an increased risk for accidents in elderly drivers (Daigneault, Joly & 

Frigon, 2002) and failure to adhere to medication therapies (Insel, et al., 2006). The 

executive system has been associated with so many skills necessary for adaptive human 

behavior that a thorough understanding of these functions is important and meaningful as 

the number of individuals who reach old age increases dramatically.  

 In the same way that maturation of the frontal lobe enables the development of 

executive skills in children, the decline of executive functions during aging is believed to 

be mediated by normally-occurring anatomical changes in the brain. Among these 

changes is a gradual reduction in volume beginning during early adulthood (Miller, 

Alston & Corselli, 1980) and white matter tract disruption particularly in frontal areas 
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(O’Sullivan et al., 2008). Generally, frontal areas as well as the hippocampus have been 

known to be vulnerable to the effects of age (Salat et al., 2005). The difference in the 

degree of volume reduction between the frontal cortex and other areas including the 

temporal, parietly, and occipital cortices is significant; a 10 to 17% reduction has been 

suggested in frontal areas while posterior areas show an age-related volume reduction of 

about 1% (Haug & Eggers, 1991). 

 

Planning 

Planning is defined as the ability to organize behavior in order to achieve a 

specific goal that can be broken down into a series of smaller sub-goals (Luria, 1973). 

Normal aging has been associated with a decreased ability to regulate behavior on the 

basis of plans (Daingeault, Braun & Whitaker, 1992). Starting as early as 60 years of age, 

adults are less accurate at performing planning tasks such as the Tower of London (TOL; 

Zook et al., 2006) and the Tower of Hanoi (TOH; Sorel & Pennequin). In general, older 

adults require a higher number of moves to solve the task and an increased amount of 

time for solving each tower (Sorel & Pennequin, 2008; Andres & Van der Linden, 2000). 

An increased number of rule violations is also commonly found in elderly participants 

(Ronnlund, Lövden, Nilsson, 2001). Brennan et al. (1997) utilized the TOH to assess 

planning abilities among young (mean age 19), young-old (mean age 65) and old-old 

(mean age 75) groups. No significant differences were found between the two youngest 

groups in the 3-disk tasks of the TOH when compared to the oldest group; when the level 

of complexity was increased during the 4-disk trials requiring longer move sequences, 

younger adults showed significantly superior performance when compared to the older 
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groups. These findings support the hypothesis of age-related decrements in planning and 

also emphasize the importance of task complexity to age-related changes in executive 

function.  

Although it is generally agreed that age has an effect on planning, the age of onset 

of planning deficits is yet unclear. Whereas some authors find clear age effects in 

participants aged 60 to 70 years (Brennan et al., 1997; Andres & van der Linden, 2000), 

others found age-related decreases in TOH performance only in individuals over the age 

of 80 (Davis & Klebe, 2001). Conflicting results might stem from the type of planning 

task used.  

Age-related differences in executive functioning have been suggested to be a 

consequence of decreased speed of processing associated with old age. After controlling 

for the effects of processing speed, Shallice (1982) found that the age-related differences 

in TOL performance between groups were significantly attenuated. At least part of the 

age-related difficulties in planning, he concluded, are related to the decreased speed with 

which some elementary operations required for TOL performance are realized. Sorel & 

Pennequin (2008) on the other hand, failed to find a significant contribution of processing 

speed to planning performance.  

Recent evidence suggests that older adults can overcome the effects of processing 

speed when more ecologically valid planning tasks are used (Garden et al., 2001; Phillips, 

Kliegel & Martin, 2006). Garden et al. (2001) and Phillips et al. (2006) reported a 

decrease or disappearance of the effects of advanced age on planning when measures of 

planning were used which used material more familiar to the participant. Phillips et al. 

(2001) found that whereas performance on the TOL showed marked age differences, no 
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such differences were found between a senior and a young sample in a planning task that 

examines the ability to plan a work schedule. The authors conclude that the existence of a 

contextual background in ecologically valid planning measures is beneficial as adults are 

able to compensate for age-related difficulties with task-related knowledge. 

 

Set-shifting 

Set-shifting refers to the ability to switch rapidly between different response sets 

(Anderson, 2002) and is related to cognitive flexibility. Varied results have been reported 

when the effects of age on set-shifting were analyzed using the Wisconsin Card Sorting 

Test (WCST). Mejia et al. (1998) failed to find any significant differences in performance 

when comparing a young-old group (55-70) and an old-old group (71-85). Similarly, 

Haaland et al. (1987) found that older participants committed fewer perseverative errors 

and achieved more categories than younger ones with decline only observed after the age 

of 80.  

 Contrary to these findings, Axelrod, Woodard & Henry (1992) found a significant 

increase in perseverative errors present after the age of 60. Similar results were obtained 

by Crawford et al. (2000) who found significant decline among a sample aged 60-75 

when compared to a younger group (18-60 years). Significant differences between age-

groups were also found by Plumet, Gaonac’h and Gil (2005) with older adults found to 

need more trials to complete a modified version of the WCST. In general, as adults grow 

older they become progressively susceptible to perseveration errors in the WCST and 

similar set-shifting tasks (Daigneault et al., 1992. Deficient abilities in the formation of 
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new hypothesis regarding changing rules have been suggested to explain age-related 

decline in set-shifting (Ridderinkhof  et al., 2002).  

 An alternative explanation is proposed by Salthouse et al. (2000) who found that 

all the effects of age on trail making tasks that measure cognitive flexibility (the 

Connections Test) were mediated by the influences of perceptual speed. Wecker et al. 

(2005) on the other hand, found that advancing age is associated with poorer performance 

on trail making tests even after controlling for other skills engaged by these tasks such as 

visual scanning and motor and perceptual speed. Finally, Hashimoto et al. (2006) found 

that the age-related changes in trail making performance are explained by educational 

level.  

 

Attentional control  

Attentional control is a complex process that requires sustaining attention over 

long periods of time, inhibiting inappropriate responses, and shifting the focus of 

attention (Riccio et al., 2002). Older adults experience difficulty in a wide variety of 

attentional processes such as suppressing task-irrelevant information or inhibiting 

prepotent responses (Hasher & Zacks, 1988).  

Using a variety of attentional tasks, researchers have generally found age-related 

deficits in attentional control and inhibition when comparing older and younger age 

groups. Mani, Bedwell & Miller (2005) found a decrease in accuracy on a continuous 

performance test of sustained attention in older groups. Increasing age was associated 

with increase false alarms and commission errors suggesting that older adults have 

difficulties in sustaining attention and inhibiting inappropriate responses (Rush, Barch & 
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Braver, 2006). Similarly, performance on the Haylings Sentence Completion task 

(Burgess & Shalice, 1997) has also been shown to decrease with advanced age suggesting 

an age-related deficit in response suppression (Bielak et al., 2006; Belleville, Rouleau, & 

van der Linden, 2006). Among the most studied measures of inhibition is the Stroop task. 

Utilizing a variety of Stroop-like paradigms performance in generally found to decrease 

with advanced age (Spieler, Balota & Faust, 1996; Li & Bosman, 1996; West & Alain, 

2000; Treitz, Heyder & Daum, 2007). Whereas some authors suggest that age-related 

changes in attentional control are explained by a slowdown of processing speed (Jennings 

et al., 2007) others find important contributions of age to performance even after 

controlling for the effects of processing speed (Williams et al., 1999; Wecker et al., 2000; 

Andres & Van der Linden, 2000) 

Age seems to mediate changes in performance across different domains of 

executive function. The pattern of decline, however, is not well defined: whereas some 

studies suggest that executive functions are quick to deteriorate with age, others provide 

evidence for intact performance until the 8th decade of life. It is suggested, then, that 

different executive abilities show differential decline with advanced age. While the 

difficulties of older adults in inhibiting irrelevant information seem to be evident at a 

younger age regardless of the type of task used, the decreased ability to plan seems to be 

task-dependent with age affecting tasks with varied levels of complexity differently 

(Jurado & Rosselli, 2007).  
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Models of age-related cognitive decline 

 A variety of theories have been proposed to explain age-related changes in 

cognition. Whereas some concentrate on domain specific mechanisms of cognitive 

decline, others identify more general mechanisms as contributors of cognitive aging. 

Three of the main theories are described below.  

 

Working memory models of cognitive aging (Hasher & Zacks, 1988; Craik, 1986) 

Two important models of cognitive aging use working memory as an explanatory 

construct. Whereas one model suggests that age-related changes stem from a reduced 

capacity of working memory, the other focuses on how information is contained within 

working memory.  

 Craik (1986) proposed that advanced age is associated with a deficit in the 

amount of mental workspaces that is available to perform cognitive tasks. This limited 

resources perspective of cognitive aging views adults as less able to engage in the self-

initiated processes necessary for optimal performance in cognitive tasks and rely more on 

environmental support such as contextual cues.  

 Hasher & Zack´s (1988) inhibitory deficit theory of cognitive aging suggests that 

older adults have less efficient inhibitory mechanisms and are thus less able to constrain 

the contents of working memory to information that is relevant to the goals and demands 

of the task at hand. These authors identify three main functions of working memory are 

deficient in advanced age. The access function prevents the access of irrelevant 

information to working memory, while the deletion function aids in getting rid of 

information in working memory that has become irrelevant as when the task goals 
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change. A final function of restraint is necessary when a familiar cue triggers a strong 

response that might not be the most appropriate and needs to be replaced by an 

alternative response (Hasher, Tonev, Lustig & Zacks, 2001).  

Processing speed model (Salthouse, 1996) 

   The central idea in the processing speed theory of cognitive aging is that a major 

factor contributing to the differences in cognitive performance between older and 

younger adults is a reduction in the speed with which many cognitive operations are 

executed with advanced age (Salthouse, 1996). Two mechanisms are proposed that 

mediate the relationship between speed and cognition. During performance on a cognitive 

task, some operations must be executed earlier than others. With advanced age, the time 

needed to execute those earlier operations is greatly increased thus occupying a large 

proportion of the available time for the task. This limited time mechanism is mainly 

relevant when there are restrictions in the time available for cognitive processing, such as 

in timed laboratory tasks. A second mechanism is based on the idea that information that 

was processed earlier is needed later during the execution of a cognitive task. With 

advanced age, this simultaneity mechanism is deficient and relevant information may no 

longer be available when it is needed due to decay or by becoming obsolete based on task 

demands. This will occur regardless of the amount of time allowed for processing 

because the limitation is based on internal dynamics (Salthouse, 1996). Although a 

slower speed of processing is not assumed to be the only explanation for age-related 

differences in cognitive performance, allowing for other age-related factors to exert their 

influence on cognition, the reduction of speed of processing associated with advanced 

age is believed to be a major contributor to cognitive aging.  
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Frontal lobe hypothesis of decline (West, 1996) 

John Hughlings Jackson was an early advocate of the idea that phylogenetically 

newer areas of the brain are particularly susceptible to damage (in Greenwood, 2000). 

This idea evolved into a theory of cognitive aging where an early decline of frontal areas 

accounts for the age-related difficulties experienced by older adults. The frontal lobe 

hypothesis of cognitive aging (West, 1996) suggests that those cognitive abilities 

mediated by the prefrontal cortex demonstrate signs of age-related decline at an earlier 

time and to a greater degree than abilities supported by more posterior structures. Age-

related changes in working memory, for instance, are believed to be indicators of a 

selective decline of frontal functions with advanced age. Opposers to this theory, 

however, demonstrate that while frontally mediated functions are affected by age, other 

non-frontal functions such as visuospatial attention and face recognition are also 

significantly impaired  in older adults (Greenwood, 2000).  

 

The present study 

In spite of the wealth of data available regarding the effects of age on executive 

functioning, the pattern and trajectory of decline is not yet clearly defined. Whereas some 

authors believe that the difficulties in executive functioning are apparent early in 

adulthood (de Luca et al., 2003) others fail to find significant differences in performance 

until later in life (Davis & Klebe, 2001; Haaland et al 1987). While some studies find a 

general decrease of executive skills across a variety of tasks, others find heightened 

effects of age on some, but not all executive functions.  
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The present study aimed to elucidate the effect of normal aging on executive 

functioning, focusing on three often-postulated executive skills: attentional control, 

planning and set-shifting.  Based on the available research, four main hypotheses guided 

this study. Firstly, it was believed that age would have a detrimental effect on the 

performance of all studied measures of executive function (planning, set-shifting, and 

attentional control). Secondly, if taking executive function as a macroconstruct (Zelazo et 

al., 1997) with distinct executive subfunctions that work together to accomplish a higher-

order function, then a general executive decline will not be evident across all tasks. 

Instead, different executive tasks will show differential trajectories of decline. As 

proposed by previous studies deficits in planning and attentional control, deficits will 

only be evident in the oldest age-group with increased number of moves needed to 

complete towers and increased number of commission and omission errors. Although 

previous research has produced conflicting results, performance on a set-shifting task was 

estimated to reveal age-related differences earlier in adult development with young older 

adults in their 6th decade of life having performance similar to that of young college-aged 

groups. Finally, decline in executive functioning was believed to be independent from 

age-related slowdown in information- processing speed or psychomotor speed. In 

accordance to the frontal hypothesis of cognitive decline (West, 1996) and contrary to 

processing speed models of cognitive aging (Salthouse, 1996), a unique decline in frontal 

measures would be evident even after parsing out the effects of processing or 

psychomotor speed.                                                                
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II. METHODS 
 
Participants 
 

Participants for this study were recruited from Boynton Beach, Boca Raton and 

Davie areas in south Florida through advertisements in local businesses, active senior 

retirement communities, senior centers, and local newspapers from May, 2007 to 

November, 2008. A total of 98 participants were classified into four age groups. A young 

sample consisted of college students, with ages ranging from 18 to 29 years, who 

received extra credit points towards one psychology course. The older adult sample was 

composed of community-dwelling, highly educated adults (see Table 2 for characteristics 

for this sample) who received $10 for participation in the study. The older adult sample 

was classified into three age groups: one group consisted of individuals between 60 and 

69 years, a second group between the ages of 70 and 79, and a third group of ages 80 - 

89. Before participation, subjects were pre-screened through a telephone conversation 

where information was obtained regarding diagnoses of medical conditions known to 

interfere with cognition such as dementia or cerebrovascular disease.  

Exclusion criteria for this study included diagnosis of a major neurological (e.g. 

Alzheimer’s or Parkinson’s disease) or psychiatric (e.g. schizophrenia) disorder as 

reported by the participant. At examination, participants were believed to be in general 

good health as determined by a self-reported medical questionnaire. 34% of participants 

reported problems of hypertension and of those 30% took hypertensive medication. 14% 
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of participants reported suffering from depression and from those only 7% reported 

taking antidepressants. 

 

Table 2. Demographic characteristics of the sample  

(Means and Standard Deviations) 

 
                                                                                           Older groups 
 
                                        Young group       60-69            70-79              80-89 
 
Variables           M  (SD)        M  (SD)        M  (SD)          M  (SD) 
 
                                         (n =   30  )         (n =21 )        (n =29 )          (n =  18) 
 
Age                                   22.33 (2.17)     63.00 (3.38)     75.00 (3.09)    83.22 (3.01) 
 
Education (years)             15.70 (1.47)   15.00 (2.88)       16.59 (2.57)    15.44 (2.81)  
 
MMSE score                    28.70 (1.23)    28.14 (1.49)      27.83 (0.97)    27.89 (1.45) 
 
 
% Female 83.3          66.7            69.0      61.1 
 
% Right handed 93.3               81.0                82.8      94.4 
 
% Hypertension 10                  52.4                34.5                  66.7 
 
% Depression 6.7                 14.3                17.2                  16.7 
 
 

No subject reported current and previous problems with alcoholism or drug abuse. 

All subjects, except one, obtained a Mini Mental State Examination (MMSE; Folstein, 

Folstein & McHugh, 1975) score above the cut-off score of 25 points indicating  

a lack of any serious cognitive deterioration in the sample. The MMSE is an effective, 

widely used brief screening instrument for identifying individuals with cognitive 

impairment and dementia (Lezak, Howieson & Loring, 2004). The MMSE score of one 
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participant was adjusted (+2 points) due to an educational level of less than 8th grade and 

one data from one subject was excluded due to a MMSE score below the cutoff point. All 

participants demonstrated functional independence as self-reported through the Activities 

of Daily Living (ADL; Katz, et al., 1963) and the Instrumental Activities of Daily Living 

(IADL; Lawton & Brody, 1969) scales. 

No participant reported any visual or auditory impairment and all were 

encouraged to wear correcting devices (i.e. glasses, hearing aids) during testing. One 

participant was unable to perform the Finger Tapping Test with the index finger due to 

arthritis but was able to use the middle finger successfully. No participants revealed any 

motor disturbances as measured by the Finger Tapping Test. Nearly all participants 

identified themselves as European-Americans (67%). Most participants in the older group 

were retired (70%) or working part time (14%). Participants were generally tested in their 

homes or in private rooms in local libraries or senior centers.  

 

Measures  

Assessment of functional independence and dysexecutive behavior 

A computerized questionnaire designed using Media Lab Research Software 3.24 

(Jarvis, 2004) was composed of three parts and included questions and statements related 

to ADLs, IADLs and dysexecutive behavior: 

Activities of Daily Living (ADL) 

Participants answered questions regarding the level of assistance they required 

when walking, bathing, and dressing. These items were adapted from Katz et al. (1963) 

Index of Activities of Daily Living. Participants had to choose between three options 
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describing different levels of assistance; two points were awarded for complete 

independence, 1 point for partial assistance, and 0 points for full assistance. A higher 

score, therefore, represented a high level of functional independence.  

Instrumental Activities of Daily Living (IADL) 

The second part of the questionnaire measured IADLs and was adapted from 

Lawton & Brody (1969). Participants answered questions regarding the level of 

assistance they required in completing tasks related to telephone use, preparation of 

meals, care of personal appearance, traveling, shopping, housework, medicine, and 

money management. These items were scored exactly like the ADLs with a higher score 

representing a high level of functional independence. 

Dysexecutive Questionnaire 

To assess the impact that executive deficits might have on everyday activities, 

participants were asked to complete the self-rated version of the Dysexecutive 

Questionnaire (DEX; Wilson, Alderman, Burgess, Emslie & Evans, 1996). Participants 

were asked to read the 20 statements included in the DEX describing common problems 

of everyday life (See Appendix A) and rate them according to their own experience. Each 

item was scored on a 5-point scale according to its frequency (Never = 1 point, Very 

often = 5 points). A higher score was associated with a higher expression of dysexecutive 

behavior.  

 

Assessment of executive function 

Set-shifting 
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 The computerized version of the Wisconsin Card Sorting Test-64 (Heaton, 2000) 

was used as a reliable measure of executive function in the domain of cognitive flexibility 

and set shifting. Participants were required to sort a deck of 64 cards containing stimuli of 

different quantities, shapes and colors on the basis of three dimensions (shape, color and 

number). The current sorting rule had to be inferred by the participant based on positive 

and negative feedback given by computer. Feedback was presented both visually with the 

words “right” or “wrong” and aurally with a male voice pronouncing the words “right” 

and “wrong”. The reliability coefficient for the paper version of the WCST is estimated 

to be approximately .80 (Heaton et al., 1993) and an adequate correlation has been found 

between the full WCST and the computerized version (Axelrod, 2002). The main variable 

measured for this study was the number of categories achieved, ranging from 0 to 6, with 

a category achieved defined as ten correct sorts for a particular dimension. 

 

Planning 

The D-KEFS Tower Test (Delis, Kaplan & Kramer, 2001) was used as an 

executive measure of planning and rule learning. This task is homologous to the planning 

tasks Tower of London and Tower of Hanoi which have been extensively used in 

executive function research. The task included five disks of different sizes and a board 

with three vertical pegs. After the examiner places the disks in a predetermined 

configuration, the participant is shown an ending position which he or she must arrive at. 

The participant must reproduce the tower using the fewest number of moves possible in 

the least possible amount of time. There are two rules that the participant must follow 

which include not placing a big disk on top of a smaller disk, and not moving more than 
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one disk at a time. Among the advantages of this test over similar versions is the use of 5 

disks with varied levels of tower difficulty. The internal consistency and reliability, as 

well as test-retest reliability, on alternate versions of this test (the Tower of London and 

Tower of Hanoi) has been estimated to be in the range of .70 (Schnirman, Welsh & 

Retzloff, 1998; Welsh & Huizinga, 2001). The main variable measured in this task was a 

Total Achievement Score which reflects the participant’s ability to build the tower in the 

fewest number of moves and in the designated amount of time.  

Attentional Control  

The Continuous Performance Test II (Conners, 1995) was utilized as a measure of 

attentional control. In this study, attentional control involved both maintenance of 

attention, and resistance to interference. During this 14 minute task, participants are 

shown a series of letter stimuli in the middle of a computer screen and are instructed to 

respond to all stimuli except the letter X. White letters are presented on the center of a 

black background and inter-stimulus intervals (ISIs) are set at 1, 2, and 4 seconds with a 

display time of 250 milliseconds. The two variables measured in this study were 1) 

commission errors or instances when the participant responded to the X stimuli therefore 

demonstrating an inability to inhibit an over-learned behavior, and 2) omission errors or 

failure to respond to a target stimulus (non-X), a possible indicator of inattentiveness 

(Epstein, Conners, Sitarenios & Erhardt, 1998). Number of omission errors was utilized 

as a measure of maintenance of attention, while number of commission errors was 

utilized as a measure of resistance to interference. An additional variable measured was 

hit reaction time, defined as the mean response time in milliseconds for all target 

responses (Connors, 2004). This variable was taken to be a measure of the speed of 
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performance. Test-retest reliability for the Conners’ version of this test has been 

suggested to be around .75 (Borgero, Pogge, de Luca, Bilginer, Stokes & Harvey, 2003).  

 

Assessment of processing and psychomotor speed 

Letter Comparison Test 

 A letter comparison test, modeled after Salthouse & Babcock (1991) was included 

to measure speed of processing. The test was developed using Direct RT Precision 

Timing Software 3.0.27 (Jarvis, 2004). Participants were presented with two rows of 

letters in the center of a computer screen and were instructed to press a “yes” key if the 

two rows of letters were identical, and a “no” key if the two rows were different. The two 

rows of letters were identical in half of the trials, but differed by one letter in the other 

half. A total of 26 trials were presented, out of which 9 included rows of 3 letters, 8 

included rows of 6 letters, and 9 included rows of 9 letters, for increasing levels of 

complexity. For the top rows, consonants were randomly selected from all possible 

consonants. For the bottom row, the position of the different letter was also randomized. 

Letters were presented in Times New Roman font, size 55. The ISI was held constant at 

500 milliseconds, and the stimuli were presented on the screen until the participant made 

a response. All participants were tested using the same stimuli. The variable measured in 

this task was the average reaction time across all trials answered correctly. An alternative 

scoring method based on Salthouse and Babcock (1991) was also utilized; no significant 

differences were found between the two scoring methods. The estimated test-retest 

reliability for this task is .83 (Salthouse, 1993) 
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Finger Tapping Test 

 To assess motor speed and any possible motor dysfunction, the Finger Tapping 

Test (Reitan and Wolfson, 1985) was administered. Participants were instructed to press a 

key as fast as they can for a period of 10 seconds. Each hand makes five 10-seconds trials 

and the score for each hand is an average across the five trials. The final score for the test 

is an average of the scores for both hands. Test retest reliability has been suggested at .94 

for men and .86 for women (McCaffery, Duff and Westervelt, 2000). 

 

Simple Reaction Time Test  

 A simple reaction time test was modeled after Rueckert & Grafman (1996) to 

measure simple reaction time and to assess any deficits in target detection. The task was 

designed using Direct RT Precision Timing Software 3.0.27 (Jarvis, 2004). Participants 

were instructed to press the spacebar immediately after seeing a letter X appear in the 

center of the computer screen. A yellow letter X was presented in Times New Roman 

font, size 55, in the center of a black background. The ISIs were varied across a total of 

48 trials; there were twenty-four 1-sec, twelve 3-sec, six 5-sec, three 7-sec, and three 9-

sec ISI trials. There was a 50% chance that a target would appear after the shortest ISI 

and by varying ISIs it was impossible for the participant to anticipate the presentation of 

a target. Due to the length of the whole test battery, a shortened version of Rueckert & 

Grafman (1996) was used. The variable measured in this task was the average reaction  

time across all trials.  
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Procedures  

 After informed consent was obtained for each participant, a short interview 

followed in order to determine age, level of education, current occupational status, ethnic 

background, number of years living in the United States (if applicable), language 

preference, and bilingualism. Participants were then asked to identify medical conditions 

they currently had or might have had in the past through a medical questionnaire. A 

computerized questionnaire was then completed where participants were asked questions 

regarding the degree of difficulty they had with activities of daily living such as walking, 

bathing, managing finances or preparing a meal. The questionnaire was designed using 

Media Lab Research Software 3.24 (Jarvis, 2004). After completion of the computerized 

questionnaires, participants who had little experience using a computer mouse were 

identified and competence using the mouse was ensured before continuing with testing. 

All subjects were tested on a Dell Latitude D505 laptop, and no participant had any 

serious difficulty in operating the computer. The order of presentation of tests that 

followed was randomized for each participant using software available at 

www.random.org. Randomization was done to avoid poorer performance on tests given 

at the end of examination due to effects of fatigue.  The administration of the total battery 

lasted between 1 and 1.5 hours. Although no scheduled breaks were given, it was 

emphasized at the beginning, and during testing that participants were free to stop the 

testing session if they felt any discomfort. Many participants took a short break between 

tests to go to the restroom, or drink water. One participant was unable to complete the 

battery of tests due to fatigue. 
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Statistical Analysis  
 
 The data was analyzed using the SPSS statistical package. Prior to data analysis, 

data was inspected for normality of distribution of raw scores as well as for the presence 

of outlying scores. All executive measures were found to be normally distributed.  

 The four age groups were compared for portions of the data analysis using 

separate ANOVAs for each executive function variable. The executive function 

dependent variables were number of categories achieved in the WCST, number of 

omission and commission errors in the CPT, and total achievement score on the D-KEFS 

Tower Test. Post-hoc analyses were conducted for each executive variable to study the 

interactions of age on each executive function. Type I error probability was set to 0.05.  

 Hierarchical regression analyses on each executive function variable were lastly 

conducted to investigate the predictive value of age, processing speed, and basic motor 

skills to executive performance.  
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III. RESULTS 

Mean scores and standard deviations for the administered tests are presented in Table 3.  

Results from the analysis of variance (ANOVA) for each executive function are 

presented in Table 4.  

Set-shifting 

The analysis of variance revealed a significant effect of age on the number of categories 

achieved on the WCST, F(3,89) = 6.60, p < .001. A post-hoc analysis was conducted 

after to further examine the contribution of age-group membership to executive 

performance. For the number of categories completed on the WCST, significant 

differences were found between individuals in the 20-29 age group, and those aged 70 

and older. The number of categories achieved by the youngest group and the 60-69 group 

was not significantly different suggesting that age-related decline in WCST performance 

is evident starting in the 7th decade of life.  

Strong and significant negative correlations were found between executive 

function measures and processing speed (see Table 5). To examine whether the 

proportion of variance explained by one factor was simply a reflection of the overlap 

between executive measures and processing speed, and to test Salthouse’s (1996) 

processing speed theory of cognitive aging, hierarchical multiple regression analyses 

were conducted to examine the relationship between the dependent variables of executive 

function to the independent variables of processing speed and age. 
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Table 3. Means and Standard Deviations of Variables 
                                   

                       Older groups 
 
                                                       Young group             60-69                            70-79                        80-89 
   
Variables                         M  (SD)                M  (SD)                        M  (SD)                    M  (SD) 
 
 

WCST Categories completed                          3.48  (1.50)                      3.37 (.76)                         2.26 (1.35)                       2.17 (1.43)   
 

 
TT Total Achievement Score                        16.53  (2.33)                16.00  (3.24)                    15.55  (3.09)                     14.06 (2.99)      
 

 
CPT Total Commission Errors                       13.93 (7.83)                    9.71 (5.40)                     10.07  (5.11)                     11.53 (4.64) 
 

 
CPT Total Omission Errors                             2.43  (2.91)                   2.24  (2.19)                       3.89  (3.82)                      8.31  (11.35) 
 

 
Processing speed (ms)                               1731.25  (402.89)                  2391.02  (819.13)             2611.32  (662.48)             2738.74  (822.85) 
 

 
Simple RT                                                    499.45  (444.63)                        371.09  (137.41)               381.92  (142.52)               399.30  (147.17) 
 

 
Finger Tapping                                               43.13  (9.39)               44.28  (7.86)                     41.83  (8.48)                   36.30  (8.84)  
 
 
WCST = Wisconsin Card Sorting Test; TT = Tower Test; CPT = Continuous Performance Test; Simple RT = Simple Reaction Time  
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Table 4. Analysis of Variance: Executive Function performance by Age Group 
 
 
                   Sum of                           Mean             F                  F 
Measure                  Squares            DF        Square         ratio        probability 
 
 
WCST Categories Completed  
Between Groups      34.54       3           11.52     6.60           .000 
Within Groups     155.35              89             1.75 
Total       189.89              92 
 
 
D-KEFS Tower Test  
Between Groups      69.14       3            23.05     2.76           .047 
Within Groups     777.58              93              8.36 
Total       846.72              96 
 
CPT # Commission Errors 
Between Groups    301.59       3          100.53     2.71           .049 
Within Groups   3410.25              92            37.07 
Total     3711.83              95 
 
CPT # Omission Errors 
Between Groups  1277.94       3          425.98     5.31           .002 
Within Groups   7376.06              92            80.18 
Total     8654.00              95 
 

Analysis of the data revealed no major violation of the assumptions of normality and 

linearity. The sample size of 98 subjects was adequate based on Greene (1991) 

techniques for determining sample size in a multiple regression. The results from these 

analyses are presented in Tables 6 and Table 7. 

 To evaluate the idea that executive function performance deficits results primarily 

from a general slowdown in processing speed, step 1 of the hierarchical regression 

analysis predicted EF performance from processing speed, while step 2 predicted the 

additional contribution of age. For the number of categories achieved on the WCST, R2 
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change in step 1 was .14, a value that proved to be significant, F(1, 84) = 13.21, p = .000, 

indicating that processing speed explains a significant proportion of the variance in 

WCST performance. The inclusion of age in the prediction equation, increase the 

proportion of explained variance in WCST performance, R2 change = .05, F (1,83) = 

4.57, p = .04, revealing that after accounting for processing speed, the contribution of age 

to WCST performance is attenuated but still significant. A second regression analysis 

was performed that predicted EF performance from processing speed while controlling 

for motor speed. The contribution of motor speed to the number of categories achieved 

on the WCST was not significant, R2 change = .001, F (1,78) = .055, p = .82, while 

adding processing speed to the prediction equation made a significant contribution to the 

amount of variance explained, R2 change = .14, F (1,77) = 6.08, p = .004. 



43 
 

Table 5. Correlations between executive measures, age group and processing speed 
 
 
 1  2  3  4  5  6 
 
1. Age group                          - 
 
2. Processing speed          - .484**           - 
 
3. WCST                           -.397**      -.369**                 - 
 
4. D-KEFS TT                  -.271**           -.355**            .264*                 - 
 
5. CPT-C                           -.169               -.255*             .079                 .014                     - 
 
6. CPT-O                           .344**             .480**          -.235*              -.275**             -.067                    - 
 
Z-scores were used 
 
WCST= Wisconsin Card Sorting Test; D-KEFS TT = Delis & Kaplan Executive Function System Tower Test; 
CPT-C= Continuous Performance Test – Commission errors; CPT-O= Continuous Performance Test –  
Omission errors 
 
** Correlation is significant at the .01 level 
  * Correlation is significant at the .05 level
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Planning 

 There was a significant effect of age on performance of the D-KEFS Tower Test, 

F(3,93) = 6.60, p = 2.76, p = .047. A post-hoc analysis revealed that poor performance is 

exhibited only in individuals aged 80 and older and no significant differences were found 

between the young group and participants in their 6th and 7th decade of life. The first 

hierarchical regression analysis yielded a R2 change in step 1 of .13, F (1, 86) = 12.37, p 

= .001, indicating that processing speed explains a significant proportion of the variance 

in Tower Test performance. Including age in the prediction equation increased the 

proportion of explained variance only slightly, R2 change = .02, F (1,85) = 1.49, p = .23. 

These results indicated that after controlling for processing speed, the effects of age on 

Tower Test performance disappeared. The second regression analysis yielded a R2 

change of .061 for motor speed, F (1,80) = 5.2, p = .025. Adding processing speed 

explained additional variance, R2 change = .105, F (2,79) = 7.85, p = .001). The results 

from this regression analysis suggest that the contribution of basic motor speed is 

significant and cannot be ignored.  

 One limitation of using a total achievement score from the D-KEFS Tower Test is 

that it is a measure of overall performance and a lower score is obtained both if the 

participant runs out of time for a particular tower, or if he or she makes more moves than 

the minimum amount required. It cannot be determined , therefore, whether low 

performance is caused by a pure planning deficit, or by a slowing in psychomotor speed. 

An additional analysis of the data, aimed to determine whether removing the timing 

component from the task would benefit older participants. This analysis, therefore, 

measured the number of extra moves required to solve the towers. An extra move is 
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defined as the number of moves made over the minimum required. The results from this 

analysis of variance revealed no significant differences between the age groups in the 

number of moves required to solve 3-disk towers, F (3,82) = 1.24, p = .30, 4-disk towers, 

F (3,80) = .53, p = .66, and 5-disk towers, F (3,76)  = .97, p = .41. These results suggest 

that removing the timing component from the tower problems, older adults do not 

perform significantly worse than their younger counterparts.  

Attentional control  

 An analysis of variance revealed significant differences between the age groups in 

the number of omission errors made on the CPT, F (3,89) = 5.34, p = .002. Contrary to 

what was expected, differences between age groups in the number of commission errors 

made was barely significant, F (3,92) = 2.71, p = .049, with only participants in their 6th 

decade performing significantly better than the other groups. Post-hoc analyses revealed 

that individuals belonging to the 80-89 age group made significantly more omission 

errors than the younger groups suggesting that maintenance of attention remains stable 

until the 8th decade. On the other hand, it was surprising to find no significant differences 

between the youngest age groups and those aged 70 and older in the number of 

commission errors made, with individuals in the 60-69 age group performing 

significantly better.  

 The first regression analysis predicting the number of omission errors from 

processing speed and age yielded an R2 change of .23, F (1,83) = 24.84, p < .000, during 

step 1. Adding age resulted in a R2 change of .02, F (1,82) = 2.50, p = .12. These results 

suggest that the effects of age on maintenance of attention disappear after controlling for 

processing speed.  For the number of commission errors made, a R2 change of .07 was 
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obtained during step 1, F (1,85) = 5.91, p = .02. Including age during the second step 

produced an R2 change of .002, F (1,84) = .17, p = .68, suggesting that the contribution 

of age to the number of commission errors made is not significant.  

 Due to the high correlation between number of commission and CPT hit reaction 

time (r = -.49), an additional hierarchical regression analysis was performed to establish 

whether the contribution of processing speed remains significant after controlling for the 

speed at which the CPT is performed. Hit reaction time is defined as the mean response 

time in milliseconds for all target (non-X) responses. Hit reaction time was entered 

during step 1 and yielded a R² change of .25, F (1, 85) = 28.30, p < .000. Entering 

processing speed into the equation produced a R² change of .01, F (1, 84) = 1.63, p < .21, 

confirming that the speed with which the CPT is performed is a better determinant of the 

number of commission errors made than age or processing speed. This is consistent with 

additional findings in this study of a high value in the CPT response style (β) measure for 

participants in the 60-69 age range (β = 1.23), and a low value in the youngest group (β = 

.47). These findings suggest that for the current sample, younger participants engaged in 

more risk-taking behavior, while older participants were more cautious at performing the 

CPT. 

 The second regression analysis on the number of omission errors made yielded a 

R² change of .065, F (1,80) = 5.57, p = .021, when motor speed was included during step 

1. Adding processing speed resulted in an additional R² change of .141, F (2,79) = 10.26, 

p = .000. These results suggest that both motor speed and processing speed make 

important contributions to the task. For the number of commission errors made on the 

CPT, a R² change of .002, F (1,80) = .19, p = .67, was obtained during step 1. Adding 
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processing speed to the regression equation resulted in an additional R² change of .074, F 

(2,79) = 3.26, p = .043, suggesting that motor speed does not contribute significantly to 

this attentional control task.  

 

Table 6. Hierarchical multiple regression analysis for processing speed and age 

predicting performance on executive measures 

  

Model   Predictor                 R²     R² change  F change  

WCST number of categories achieved 

1  Processing speed                  .14             .14            13.21  

2  Processing speed + Age            .18              .05              4.57                                

D-KEFS Tower Test total achievement score 

1  Processing speed                  .13              .13            12.37 

2  Processing speed   + Age           .14              .02             1.49                                                 

CPT number of omission errors 

1  Processing speed                   .23              .23           24.84 

2  Processing speed  + Age             .25              .02            2.50  

CPT number of commission errors 

1  Processing speed                  .07               .07             5.91 

2  Processing speed + Age             .0               .002               .17                    
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Table 7. Semipartial r and beta values, and significance tests for independent variables in the hierarchical regression analyses.  
 
 
Independent variable      Semipartial r  Beta      t           Significance  
 
WCST number of categories achieved 

1  Processing speed                                            -.37                          -.37                  -3.64                  .000 

2  Processing speed         -.23                          -.25                  -2.16                    .03                                    

  Age                                                                      -.23                          -.25                  -2.14                    .04 
 
D-KEFS Tower Test total achievement score 

1  Processing speed                                            -.36                         -.36                  -3.51                  .001        

2  Processing speed                                                  -.26                         -.29                  -2.48                    .02 

  Age                                                                       -.13                         -.14                 -1.22                     .23 

CPT number of omission errors 

1  Processing speed                                              .48                          .48                   4.98                  .000 

2  Processing speed                                                   .38                           .40                   3.67                  .000 

  Age                                                                        .17                           .17                   1.56                    .12 

 

 



49 
 

Table 7. Semipartial r and beta values, and significance tests for independent variables in the hierarchical regression analyses. 
(cont.) 
 

CPT number of commission errors 

1  Processing speed                                             -.26                         -.26                 -2.43        .02         

2  Processing speed                                                  -.21                         -.23                  1.92                      .06  

  Age                                                                      -.05                         -.05                   -.41                       .68 
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IV. DISCUSSION 

 The results from the present study suggest that compared to younger adults, older 

adults demonstrate a deficit in performance in executive tasks of planning, set-shifting, 

and maintenance of attention. Contrary to previous findings, advanced age was associated 

with increased resistance to interference. A differential effect of advanced age on set-

shifting, planning, and attentional control was also found such that set-shifting is affected 

earlier than the rest of the studied executive tasks. These results replicate those of Treitz 

et al. (2007) where declines in some, but not all, components of executive control are 

evident beginning at the age of 60. These results also support a theory of diversity of 

executive functions (Miyake et al., 2000) where performance of distinct executive tasks is 

affected differently by variables such as age.  

Set-shifting 

 Set-shifting, as measured by the number of categories achieved on the WCST, 

was shown to be among the most sensitive tests to the effects of advanced age. The 

WCST was originally developed as a measure of flexible thinking and abstract reasoning 

that also tests an individual’s ability to form, maintain, and shift cognitive sets (Heaton et 

al., 1993). The WCST is a widely used measure of executive problem-solving as it 

provides information beyond task success or failure. The current study used the number 

of categories achieved as its main WCST variable. This variable is one of the most 

frequently used in the literature and has been found to be highly correlated to indices of 
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perseverative behavior and to be a good predictor of age-related changes in cognition or a 

as a measure of executive functioning (Rhodes, 2004).  

The results of the current study support previous findings of significant age-

differences in the number of categories achieved on the WCST (Daigneault et al. 1992; 

Axelrod & Henry, 1992). Significant differences were found between performance of 

younger adults in their 60’s and older adults over the age of 70 replicating previous 

findings (Crawford et al., 2000; Axelrod & Henry, 1992; Rodriguez-Aranda & Sundet, 

2006). As reported previously by Boone and colleagues (1987) the effects of age on 

WCST performance are believed to be inconsequential before the age of 70.  At older 

ages, changes in WCST performance have been attributed to poor use of feedback 

information, deficient working memory, and reductions in information processing speed 

(Fristoe, Salthouse & Woodard, 1997; Hartman, Bolton & Fehnel, 2001). Ridderkinhof 

and colleagues (2002) found that older adults did not benefit from the availability of 

explicit shift cues (i.e. announcing that a rule shift has taken place and what the new rule 

is) thus concluding that the age-related deficit is purely one of set-shifting not working 

memory.  

 Fristoe et al. (1997), on the other hand, have suggested that age-differences in 

WCST performance results from a more basic deficit in processing speed. The results of 

the present study are only partially consistent with this hypothesis. Although processing 

speed was shown to make a significant contribution to WCST performance, the effect of 

age on set-shifting remains significant although somewhat attenuated. Results similar to 

those of the present study were obtained by Dywan, Segalowitz & Unsal (1992) using the 

WCST and Wecker at al. (2005) using the Trail Making Test.  
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 Although the contribution of processing speed was not significant, it was 

nonetheless important and it remains unclear in what way information processing speed 

contributes to untimed tasks such as the WCST. Fristoe et al. (1997) and Salthouse 

(1996) suggest that the effect of low processing speed on WCST performance can be 

explained by two mechanisms: A limited time mechanism results in incomplete encoding 

of WCST stimuli and fewer operations being successively executed, while the 

simultaneity mechanism might make feedback received during previous sorts unavailable 

by the time that information is needed during encoding of current stimuli. In other words, 

both a lack of complete encoding of task stimuli and the unavailability of previously 

acquired task-related information result from an age-related slowdown in processing 

speed and contribute to poor performance in older adults (Strauss et al (2006). The results 

from the current study are consistent with this hypothesis as processing speed was found 

to make a notable contribution to performance of a non-speeded task.  

 In the current study, age was the most significant predictor of WCST 

performance. It is clear, however, that many mediating variables might be at play, 

variables that were not measured or controlled for in the present study. Ozonoff (1995) 

suggested that adequate WCST performance also relies on a certain level of social 

awareness and motivation to pay attention to the verbal feedback provided by the 

computer or experimenter. The current study did not obtain a measure of social 

awareness but further investigation of how older adults respond to verbal feedback from a 

computer is needed, especially how they respond to the negative feedback received after 

sorting errors.  

Planning  
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 Planning abilities were measured by performance on the D-KEFS Tower Test. 

Executive functions believed to be tapped by this test include spatial planning, rule 

learning and inhibition (Delis, Kaplan & Kramer, 2001). The D-KEFS Tower Test is 

highly similar to the Tower of Hanoi (TOH) test, a widely used test of executive 

functioning. Tower tasks such as the D-KEFS and the TOH are believed to measure the 

generation of a multistep sequence of moves and the selection of efficient strategies, 

while maintaining subgoals and a final goal in mind (Ahonniska et al., 2000). At the same 

time, the participant must execute the planned sequence of moves while avoiding 

violation of task rules. A particular advantage of the use of the D-KEFS Tower Test in 

the current study is the test’s varied levels of difficulty and the use of 5 disks which 

makes performance of this test more difficult than other planning tasks such as the Tower 

of London.  

  The results of the current study support previous findings of significant 

differences in planning performance between young and older adults (Zook et al., 2006; 

Sorel & Pennequin, 2008). In agreement with previous reports, the effects of age were 

only evident after the 8th decade of life (Glosser & Goodglass, 1990; Davis & Klebe, 

2001). The finding of maintained planning ability until advanced old age is particularly 

strengthened by the use of a highly complex task such as the D-KEFS Tower Test.  

 The results of the current study also suggest that the difference between poor and 

accurate performance on total achievement on the Tower Test is dependent on a slowing 

of processing speed. In agreement with previous findings (Andres & Van der Linden, 

2000; Phillips, Kliegel & Martin, 2006) the effects of age on this planning task disappear 

after parsing out the influence of processing speed, although age-related deficits in 
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planning have not been consistently explained by a slowdown in processing speed (Sorel 

& Pennequin, 2008). The results of the current study suggest that the effects of age on 

this task might not be due to a specifically executive deficit but to more global cognitive 

changes associated with advanced age. It has been previously suggested that planning 

tasks load specifically on executive processes in young adults while in older adults tower 

tests load on more general cognitive resources such as processing speed or working 

memory (Phillips, Gilhooly, Logie, Della Sala & Wynn, 2003). 

 In contrast to previous studies (Sorel & Pennequin, 2008; Andres & Van der 

Linden, 2000; Brennan, 1997), older adults in the present study were not found to require 

a higher number of moves to solve the tower tasks when compared to younger adults.  

These contradictory findings might be a result of characteristics of this particular sample. 

As measured by the response style variable of the CPT, the current sample of older adults 

seems to have engaged in a very cautious response style, spending more time at each 

tower while paying close attention to the number of moves they made. Therefore, while 

these results support changes in planning abilities with advanced age, these changes 

disappear if the timing component of the task is taken away. These results also speak to 

the importance of allowing for the use of compensatory strategies during 

neuropsychological testing as older adults might compensate for slower mental 

processing by engaging in more cautious and accuracy-driven response styles.  

A significant relationship was also found between basic motor skills and tower 

performance. An age-related decline in motor speed is believed to affect planning 

performance, as well as other executive skills, by producing a decline in motor 

programming., the ability to learn novel motor sequences and engage in purposeful motor 
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output (Suchy & Kraybill, 2007). It has been suggested that motor programming tasks 

correlate with performance on executive functions (Belanger 2005) and this is not 

surprising given the overlap in cerebral networks that subserve motor and executive tasks 

(Suchy & Kraybill, 2007). Further studies on the age-related changes in executive decline 

would greatly benefit from the inclusion of cognitive tasks that resemble executive tasks 

in format but do not contain an executive component. In this way, age-related declines in 

executive processing can be distinguished from age-declines in processing or motor 

speed.  

Attentional control  

 The current study measured two aspects of attentional control: maintenance of 

attention and resistance to interference through CPT performance (Riccio et al., 2002). 

The CPT is traditionally regarded as a vigilance task that provides information about 

attention deficits.  The CPT version used in this study, however, is believed to constitute 

a measure of the executive control aspect of attention rather than a measure of only the 

ability to sustain attention in a monotonous task (Ballard, 2001) with resistance to 

interference depending on anterior cingulate networks (Posner & Petersen, 1990) and 

maintenance of attention depending on connections between brainstem nuclei and right 

frontal cortex (Mirsky, Anthony, Duncan, Ahearn & Kellam, 1991).  

 Consistent with previous findings (Parasuraman, Nestor & Greenwood, 1989), 

maintenance of attention in the current study was shown to decrease with advanced age. 

After controlling for processing speed, however, age effects disappear suggesting an 

important relationship between processing speed and sustained attention. According to 

the authors of the CPT, omission errors can be a sign of a sluggish response style with 
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individuals responding to targets too slowly (Conners, 2000). Authors have found a 

pattern of slow speed and high accuracy during the early trials of the CPT followed by an 

increase in speed and decrement in accuracy during later trials (Ballard, 2001). Poor 

performance is therefore suggested to indicate an inability to adapt to task demands, such 

as varied inter-stimulus intervals. 

 A most surprising finding was the high number of commission errors made by the 

youngest group when compared to the older groups, particularly to individuals in their 6th 

decade of life. Although these results could stem from characteristics of this particular 

sample of college students, similar commission error scores have been reported for the 

same CPT task in similar age groups (number of errors: 8.8 ± 5.5, mean age: 32.2 ± 12.9, 

Malloy-Diniz et al., 2007; number of errors: 25.74 ± 18.94, mean age: 35 ± 18.94, Bora 

et al., 2006). The youngest group also exhibited significantly faster hit reaction times than 

the older groups; Silverstein, Weinstein and Turnbull (2004) reported that subjects with 

faster CPT hit reaction times showed an evident over-responding response bias, a strategy 

that optimizes the accurate detection of stimuli, but at the cost of erroneous responding.  

 The current findings are consistent, therefore, with an age-related improvement in 

resistance to interference, contrary to what has been previously reported (Rush, Barch & 

braver, 2006; Bielak et al., 2006; Belleville et al., 2006; Treitz et al., 2007). Although 

advanced age has been traditionally associated with a decrease in inhibitory control 

through the use of Stroop paradigms and tests such as the Haylings Sentence Completion 

task, no previous studies have utilized the CPT-II as a measure of inhibitory control in 

older adults. The CPT version used in the current study, however, is a valid measure of 

both sustained attention (Halperin et al., 1991) and inhibition deficits (Gokalsing et al., 
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2000) and a better measure of executive attention when compared to other versions of the 

task (Ballard, 2001).  

 Basic motor skills were also found to differentially influence performance of two 

aspects of the CPT task. Whereas maintenance of attention was found to be affected by 

both age-related changes in processing and motor speed, the contribution of motor speed 

to resistance to interference was negligible. Resistance to interference was found to be 

more dependent on a slower speed of task performance and a more cautious response 

style. In contrast to general findings in cognitive aging research, the current study suggest 

a possible protective effect of age on one aspect of attentional control: as age increases, 

adults engage in more cautious performance styles associated with slower response times 

and less risky behavior.  

 The current study set out to test two popular theories of cognitive aging. The 

frontal hypothesis (West, 1996) proposes that age-related deterioration of the frontal lobe 

is responsible for the cognitive changes observed in older adults, especially on cognitive 

tasks traditionally associated with prefrontal function. Advanced age, and its associated 

anatomical and functional brain changes, should account for much the decline observed 

in the executive function performance of older adults. An opposing theory is the 

processing speed theory of cognitive aging (Salthouse, 1996) which proposes, on the 

other hand, that a general slowdown in the speed with which cognitive operations are 

performed accounts for most of the age-related cognitive decline. It is unlikely that a 

single theory is able to explain all of the age-related changes associated with cognitive 

functioning. The current study seems to provide evidence for both the frontal and the 

processing speed theories of cognitive aging as some, but not all, age-related changes in 
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executive function were explained by a slowdown in processing speed. One possible 

interpretation for the current findings is that whereas executive function performance 

normally requires a high level of control due to the novelty and complexity associated 

with executive tasks, an age-related slowdown in processing speed increases the level of 

control needed by placing more executive demands on the task at hand. It has been 

previously suggested (Phillips et al., 2003) that the same task might load on different 

types of cognitive processes at different ages and this might be especially true for high-

complexity executive tasks. Further research is needed, however, to test whether young 

and old adults engage different cognitive processes while performing different types of 

executive tasks.  

 The idea that a slowdown in processing speed has detrimental effects on executive 

functioning is also supported by recent neuroimaging data. A recent study tried to 

determine the neural correlates of cognitive efficiency through the use of a processing 

speed task, the Digit Symbol Substitution Task (DSST; Rympa et al., 2006). The authors 

found an increase in prefrontal activity in subjects who performed the task more slowly, 

and less prefrontal cortical activity in faster performers. These results suggest that slower 

information processing associated with advanced age requires more widespread activity 

of prefrontal areas thus limiting the resources available for higher-order executive 

functioning. In other words, the executive demands of a task become even higher when 

brain areas required for successful performance of that task are engaged during slow 

mental processing; sharing prefrontal resources leads to less efficient performance in both 

executive and processing speed tasks. A global information-processing loss associated 

with advanced age might not prevent performance of more simple tasks that require a 
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lower level of control, but may be sufficient to reduce the maximum level of complexity 

that an individual can manage (Rabbit, 1997). 

 Among the limitations of this study are a small sample size and those limitations 

inherent to cross-sectional designs. Although no significant differences were found in 

educational level between the groups and although no participant reported difficulty with 

the use of a computer, cohort effects related to educational attainment and comfort with 

technology might still exist. Further research on cognitive aging might benefit from the 

development of more simple executive tasks not likely to tap on multiple cognitive 

processes. Additionally, executive tasks should always be compared to similar tasks that 

do not include an executive component, as this is the only way to identify the executive 

demands of the task. The study of cognitive aging should also attempt to identify and 

encourage the use of compensatory strategies during neuropsychological testing, placing 

less emphasis on timing cognitive processes and more emphasis on the use of better 

problem-solving strategies.  

 In conclusion, the current study found differential decline of executive functions 

with set-shifting showing poorer performance than planning and attentional control 

earlier in life. In agreement with the processing speed theory of cognitive aging and in 

contrast with the hypotheses guiding this study, a general slowdown in processing speed 

explained the age-related decline of the executive tasks studied.  
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APPENDIXES     
 

Dysexecutive Questionnaire (Wilson, Alderman, Burgess, Emslie & Evans) 
Instructions: This questionnaire looks at some of the difficulties that people 
sometimes experience. We would like you to read the following statement, and rate 
them on a five-point scale according to your own experience.  
 
Items will be presented on a computer screen and subjects will click on the appropriate 
point on the scale: 
1. Never,  2. Occasionally,  3. Sometimes, 4.  Fairly often,  5. Very often 
 

1. I have problems understanding what other people mean unless they keep   
  
2. things simple and straightforward 

 
3. I act without thinking, doing the first thing that comes to mind 

 
1. I sometimes talk about events or details that never actually happened, but I 

believe did happen. 
 
2. I have difficulty thinking ahead or planning for the future 

 
3. I sometimes get over-excited about things and can be a bit “over the top” at these 

times.  
 

4. I get events mixed up with each other, and get confused about the correct order of 
events.  

 
5. I have difficulty realizing the extent of my problems and am unrealistic about the 

future.  
 

6. I am lethargic, or unenthusiastic about things.  
 

7. I do or say embarrassing things when in the company of others 
 

10. I really want to do something one minute, but couldn´t care less about it the next. 
 

11. I have difficulty showing emotion 
 
12. I lose my temper at the slightest thing 
 
13. I am unconcerned about how I should behave in certain situations 
 
14. I find it hard to stop repeating saying or doing things once they´ve started 
 
15. I tend to be very restless, and “can´t sit still” for any length of time. 



61 
 

 
16. I find it difficult to stop myself from doing something even if I know I  shouldn’t. 
 
17. I will say one thing, but will do something different. 
 
18. I find it difficult to keep my mind on something, and am easily distracted 
 
19. I have trouble making decisions, or deciding what I want to do. 
 
20. I am unaware of, or unconcerned about, how others feel about my behavior.  
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