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EXECUTIVE CONTROL FUNCTIONING AND
FUNCTIONAL ABILITY IN OLDER ADULTS

Monica S. Lewis and L. Stephen Miller
The Department of Psychology, University of Georgia, Athens, GA, USA

The manner in which executive control functioning exerts its influence on functional tasks
was investigated. Sixty older adults were administered neuropsychological tasks tapping
into four domains of executive control function, including working memory, planning, flu-
ency, and flexibility. A test of performance-based functional ability also was administered.
Correlational analyses demonstrated that working memory was most strongly associated
with performance-based functional ability; however, impairment in planning appeared to
best predict performance-based functional decrement in simultaneous regression models.
Results highlight the role of planning in the maintenance of functional ability, as measured
by performance-based functional measures.

INTRODUCTION

Aging has profound, but heterogeneous, effects on cognitive aspects of func-
tional ability (Carman, 1997; Tranel, Benton, & Olson, 1997). One factor contribu-
ting to this heterogeneity has been demonstrated as differences in executive control
functioning (ECF) among older adults. Existing research gives clear evidence that
ECF has an important role in maintaining functional ability in later life. Breakdowns
in ECF have been associated with impaired ability in activities of daily living (ADLSs)
and instrumental activities of daily living (IADLSs) in later life as well as in age-
related diseases. For example, Royall, Chiodo, and Polk (2000) have demonstrated
that impairment in ECF has statistically significant effects on level of care and
impairment in IADLs among non-institutionalized retirees. Similarly, research by
Grigsby, Kayer, Baxter, Shetterly, and Hamman (1998) has suggested that certain
kinds of functional and behavioral disturbances are associated with, and may be
caused by, impaired executive capacity among older persons. Their research demon-
strated that, though general cognitive decrement contributed toward functional
decline in their sample of independent older adults, ECF was the most salient
predictor of functional impairment on multiple complex functional tasks. Similarly,
Cahn-Weiner, Malloy, Boyle, Marran, and Salloway (2000) demonstrated that ECF
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dysfunction was a more accurate predictor of functional ability in community dwell-
ing older adults than were other measures of cognitive function, including tests of
memory, language, visuospatial skill, and psychomotor speed. Boyle, Paul, Moser,
and Cohen (2004) showed that baseline ECF impairment predicted functional
decline in vascular dementia patients a year later and was greater than neuroanato-
mical pathology.

Because ECF is a complex theoretical construct representing higher order men-
tal processes, it remains unclear as to the ways in which ECF exerts its influence on
functional ability. A variety of cognitive skills are theorized as contributing to proper
ECF. Defined by A. R. Luria in 1966 as a “frontal syndrome” creating “interference
with the processes of regulation of active states of the cerebral cortex responsible for
selective, goal-oriented psychological activity,” ECF is thought to involve those cog-
nitive processes which orchestrate relatively simple ideas, movements and actions
into complex goal-directed behavior.

The differential contribution of specific, commonly used neuropsychological
tests of ECF in predicting functional ability in geriatric populations has been exam-
ined in at least two studies. Bell-McGinty, Podell, Franzen, Baird, and Williams
(2002) found that among a group of both demented and non-demented older adults,
performance on the Trail Making Test part B and the Wisconsin Card Sorting Test—
64-card version significantly predicted functional ability on an observational mea-
sure. Results were interpreted as suggestive that mental flexibility, psychomotor speed
and novel problem solving skills are of central importance in the maintenance of
functional capacity in later life. Cahn-Weiner, Boyle, and Malloy (2002) demon-
strated that among independent, community-dwelling older adults, performance
on the Trail Making Test part B, as suggestive of cognitive shifting and complex
sequencing ability, was related to functional ability as measured by both a perform-
ance-based and a caregiver report measure of IADLs. Performance on the COWAT,
however, appeared most predictive of functional ability for everyday tasks in which
there is little external structure, such as those reflected by caregiver report measures
(Cahn-Weiner et al., 2002).

The purpose of the current study was to further investigate the differential con-
tribution of specific executive skills to the maintenance of functional ability in healthy
older adults. This was accomplished through the measurement of four important
components of ECF: working memory, planning, cognitive fluency, and cognitive
flexibility. Although there is as yet no clear theoretical evidence for which are the
most important components of ECF, or even how to define the universe of ECF com-
ponents, research does support these cognitive processes as being of central relevance.
The four domains noted are furthermore consistent with areas considered important
in past discussions of ECF and aging in the literature and discussed below.

Working memory has been considered inherent to the construct of ECF in
both animal and human studies. Animals with prefrontal lesions have been shown
to be unable to sustain movement toward a goal (Fuster, 1997). Similarly, humans
who experienced impairment in working memory following frontal lobe lesions
and prefrontal brain injury have been found to be unable to sustain concentration,
making task completion difficult (Fuster, 1997). Further, working memory changes
are consistently seen in older adults (Reuter-Lorenz & Lustig, 2005) and have been
related to prefrontal cortex changes (Rajah & D’Esposito, 2005) in aging.
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The ability to plan and demonstrate intact foresight has been implicated
as a central indicator of ECF by researchers throughout the neuropsychological
literature (Krikorian, Bartok, & Gay, 1994; Brennan, Welsh, & Fisher, 1997).
Lezak, Howieson, and Loring (2004) presented it as one of the four components of
ECF in their review of the executive functions. While some loss of planning
ability is considered part of the normal aging process, research has demonstrated that
marked deficits in planning ability are associated with the presence of dementia
and impaired execution of movement (Das & Mishra, 1995; Richards, Cote, &
Stern, 1993).

In addition to being able to plan one’s behavior and have sufficient
working memory capacities to perform a task, other literature points to the trans-
lation of one’s intention or plan into productive, self-serving activity as the central
component of ECF. Such a skill corresponds to Lezak’s description of self-
regulation (Lezak et al., 2004). This ability to produce effective performance has
at times been described by cognitive researchers as comprised of two distinct skills:
cognitive fluency and cognitive flexibility. Cognitive fluency has been found to stead-
ily decline with increasing age (Ylikoski et al., 1999) and it has been theorized as
being at the root of functional decline in older adults (Pillon, Dubois, Lhermitte, &
Agid, 1986).

Cognitive flexibility, or the ability to switch between tasks, monitor one’s own
behavior, and appropriate attentional skills in an effective manner, has long been
included in the construct of ECF (Luria, 1966) and is associated with frontal lobe
functioning (Dywan, Segalowitz, & Unsal, 1992). While these areas of ECF arguably
may not encompass the entire construct of ECF, the extant literature supports them
as major contributors to the construct and are of interest in understanding how ECF
exerts its influence on functional ability.

In this study, functional ability was measured using an observational mea-
sure of task performance. Observational measures of functional ability have been
found to possess high levels of face validity when used in older populations
because they focus primarily on tasks encountered by older persons in daily liv-
ing (Myers, Holiday, Harvey, & Hutchinson, 1993). In comparison to self-report
measures of functional status, on which individuals often overestimate their true
level of competence (Myers et al., 1993), observational measures of functional
ability offer the advantage of being an objective measure of competence on
which one cannot exaggerate functional abilities. Thus, within an older, com-
munity-dwelling population, the influence of working memory, planning, fluency,
and cognitive flexibility on performance-based functional ability was assessed in
order to determine which domains of ECF may be most influential in maintain-
ing functional ability in later life, beyond the effects of demographic variables
including age, education, and gender. When possible, domains were comprised
of multiple neuropsychological measures combined to create internally consistent
measures of central ECF skills. While this study was designed to be essentially
exploratory in nature, it was hypothesized that individuals demonstrating the
greatest impairment in overall ECF would likewise demonstrate the greatest
impairment in functional ability. Furthermore, it was thought that the separate
ECF domains would account for differing degrees of variance in functional sta-
tus, over and beyond the variance accounted for by demographic variables.



Downloaded By: [Miller, L. Stephen] At: 22:53 2 April 2007

ECF AND FUNCTIONAL ABILITY 277

Illuminating specific differential effects of the ECF domains was a major focus
of the current study.

METHOD
Participants

The project was approved by the Institutional Review Board, Human Subjects
Review Committee of the University of Georgia. Participants recruited included
both independently dwelling older adults and persons residing in assisted care
facilities. Initially, 83 participants were recruited for screening for participation in
the current study. Efforts were made to include participants with a wide range of
ECF abilities through a screening process in which potential participants were
administered the Executive Interview (EXIT; Royall, 1992), a 15-minute gross
ECF screening measure tapping into a broad spectrum of abilities included in the
construct of ECF. Using the EXIT as a screening measure, participants were
recruited with ECF abilities in the average (scores lower than 15 on the EXIT;
N = 35), mildly impaired (scores between 15 and 18; N = 16) and moderately to
severely impaired level (EXIT scores of 19 and higher; N = 9). Nine participants
found to have EXIT scores in the average range after the initial 35 participants in
the average range had already been recruited were excluded from the study, as finan-
cial resources did not allow inclusion of more than 60 participants. All potential
participants were also administered the Center for Epidemiological Studies
Depression Scale (CES-D; Radloff, 1977), and persons with scores greater than 16
(N =5), indicating significant levels of depression, were not included as participants
in the current study. Past studies have indicated that depression should be viewed as
a determinant of problem behavior (Beck, Rossby, & Baldwin, 1991). Finally, 9
potential participants were excluded from the study due to gross medical or physical
impairments such as loss of hearing, vision, or independent mobility, as such vari-
ables would likely have served as confounding variables in the relationship between
cognition and functional ability. Following the screening process, 60 older adult
participants were included in the study. The final 60 participants were paid $20.00
for their participation in the project.

Protocol

Cognitive measures. Four domains of ECF were measured in the current
study: working memory, planning, cognitive fluency, and cognitive flexibility. Working
memory (WM) was measured using the Working Memory Index of the Weschler Adult
Intelligence Scale—III (WAIS-III; The Psychological Corporation, 1997). The index
includes the Digit Span, Arithmetic, and Letter-Number Sequencing subtests and is
considered in neuropsychological literature to be a relatively pure measure of simple
working memory free from the intervening effects of other cortical processes (Lezak
et al., 2004).

Planning (PLAN) was measured using two neuropsychological measures, the
Tower of London, Drexel University Version (TOLdx, Culberston & Zillmer,
1998) and the Porteus Maze Test (PMT; Porteus, 1965; Porteus & Peters, 1947).
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The TOL score was based on the total number of target stimuli trials correctly com-
pleted (Target score), the number of seconds between the introduction of a problem
and the initiation of the first move of a trial (Planning Time), and the total number
of seconds from initiation of the first move of a trial to completion of the final move
of that trial (Execution Time). PMT score was reported in terms of test age, which is
the age level equivalent of the most difficult maze the participant completed success-
fully. The upper score of the PMT was 17 for success on the adult level maze. These
two neuropsychological tests have been found to load on a “planning factor,”” and
both involve problem-solving in a configural context and anticipatory planning skills
(Krikorian, Bartok, & Gay, 1994).

Fluency (FLU) was assessed using the Controlled Oral Word Association
(COWAT; Benton & Hamsher, 1976), which measures the spontaneous oral pro-
duction of words beginning with the designated letters C, F, and L. COWAT score
was the number of novel outputs produced by participants. Perseverations and
incorrect answers were not counted.

Flexibility (FLEX) was assessed using a computerized version of the Wisconsin
Card Sorting Test (WCST; Heaton, 1993), which required the categorization of
sensory (visual) items in accord with a temporally changing principle. The WCST
generated three different measures of participant flexibility including measures of
categories achieved, total errors, and percentage correct. Taken together, these
scores formed a unique flexibility factor (Mirsky, Anthony, Duncan, Ahearn, &
Kellan, 1991) that was used to reflect participant’s level of mental flexibility in the
current study.

Functional ability measure. Functional ability was measured using the
Direct Assessment of Functional Status (DAFS; Lowenstein et al., 1989; Lowenstein
& Bates, 1989), an observational measure of participant functioning. The DAFS was
developed with the purpose of directly evaluating a broad array of functional capa-
cities in the older person with and without cognitive impairment. The scale has been
extensively validated within both memory disordered and normal older adults
controls, with the older adult controls’ interrater reliability for functional domains
measured by the test ranging from .988 to 1.00 (p < .001), and test-retest reliabilities
ranging from .917 to 1.00 (p < .001). Using memory disordered participants, conver-
gent validity of the DAFS with the Blessed Dementia Rating Scale, a well established
measure of general functional status, was found to be —.588 (p < .01; Lowenstein
et al., 1989). The test required approximately 45 minutes to complete and required
each participant to perform 14 different functional tasks associated with seven
domains of functional skills. The total number of incorrect responses exhibited by
the participant on the test was calculated to form an overall impairment summary
score for each participant, with higher scores representing greater impairment.
Table 1 lists the domains and specific functional tasks measured by the DAFS.

Statistics. All analyses were conducted using SPSS 10.0 (Chicago, IL). A p
value of <.05 was considered significant. Initially, because the neuropsychological
tests used in the measurement of the ECF domains in this study yielded a large num-
ber of variables, internally consistent summary scales were constructed for each ECF
domain (ATT, PLAN, FLU, FLEX). To compute these scales, for each domain of
ECF the obtained participant raw scores derived from each neuropsychological
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Table 1 DAFS domains and skill requirements

Domain Skill requirements
Time orientation Telling time

Orientation to date
Communication Using the telephone

Preparing a letter for mailing
Transportation Correct identification of road signs
Financial ability Identifying currency

Counting change
Writing a check
Balancing a checkbook
Shopping Memory for grocery items
Selecting grocery items with a list
Making correct change
Grooming Performing basic grooming skills
Eating Using eating utensils correctly

Note. DAFS = The Direct Assessment of Functional Status.

measure were rescaled to standard equivalents (z transformations). Coefficient alpha
levels were then computed for each collective set of transformed measures to ensure
internal consistency (see Table 2 for ECF domain scale construction). Summary
scales were then computed by obtaining a summed average of the z-transformed
scores for each of the four ECF dependent variables, with lower scores reflecting
greater ECF impairment. This method of analyzing a large battery of neuro-
psychological tests has been adopted by several researchers (e.g., Hoff et al., 1992;
Saykin et al., 1991) and has the advantages of enhanced reliability of measurement
and reduction of error variance compared with data analysis using individual
neuropsychological tests (Miller & Rohling, 2001).

Normal distributions of data were checked by using the Kolmogorov-Smirnov
test. Bivariate correlations were analyzed using the Pearson correlation coefficient to

Table 2 Construction of ECF summary scales

Scale Test Coefficient Alpha

Working memory WAIS-III Digit Span score 1875
WAIS-III Arithmetic score
WAIS-III Letter-Number Sequencing score
Planning Tower of London test score .8249
Tower of London planning time score
Tower of London execution time score
Porteus Maze Test age score
Cognitive fluency COWAT Fluency novel output score N/A
Cognitive flexibility WCST category score 9263
WCST total error score
WCST percentage conceptual level response

Note. ECF = Executive Control Function; WAIS-III = Wechsler Adult Intelligence Scale, Third
Edition; COWAT = Controlled Oral Word Association Test; WCST = Wisconsin Card Sorting Test.
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identify associations among normally distributed variables. Multiple simultaneous
regression analysis was used to assess the independent effects of ECF factors on
observational functional ability and to evaluate the best model for predicting impair-
ment in functional ability.

RESULTS

The 60 study participants (20 men, 40 women; 57 Caucasian) were generally
well educated (83% high school graduate or better; 43.4% college graduates) and
from a primarily upper-middle socio-economic background (46.6% self-reported
> $30K annual income). However, they scored overall similarly in comparison to
scores of older adult populations on similar measures and sets of scales reported
in the geriatric literature.

Descriptive statistics for all cognitive and functional measures are presented in
Table 3, while Table 4 presents the Pearson product-moment correlation coefficients
between demographic variables, the EXIT score, cognitive predictors (4 cognitive
summary scores) and DAFS performance. As expected, all measures of ECF were
significantly related to one another. Furthermore, all ECF variables were signifi-
cantly related to observed functional ability on the DAFS. The absolute value of
Pearson correlation coefficients between ECF summary scores and the DAFS
ranged from —0.415 to —0.679, with working memory being most highly related
followed by planning, fluency and flexibility. As a summary indicator of these
domains as they relate to ECF, an increasing level of overall ECF impairment
according to the EXIT (by category) was associated with increasing levels of impair-
ment on each of the four ECF domains. Further, moderately strong correlations
were observed between all domains of ECF and the EXIT (Pearson correlations
ranged from —.514 with FLEX to —.708 with PLAN).

To elucidate the question of primary interest, the relative influence of ECF
domains on functional ability, a multiple regression analysis was conducted entering
the four ECF summary and demographic variables simultancously to predict total

Table 4 Pearson intercorrelations between demographic, predictor, and criterion variables in elderly
population

Variable 1 2 3 4 5 6 7 8 9
Age — =22 138 328 —.063 —.314* —.100 —.196 174
Gender — —.235 11 —.103 —.214 —.147 —.004 123
Education — —.155 198 229 261* .335* —.135
EXIT score — —.696**  —.708** = —.652**  —.514** 718%*
WM — 557+ 679+ 423 —.678**
PLAN — 495+ .343* —.623**
FLU — 530 —.613**
FLEX — — 415
DAFS —

Note. EXIT = Executive Interview; WM = Working Memory; PLAN = Planning; FLU = Verbal
fluency; FLEX = Flexibility; DAFS = The direct assessment of functional status.
*p<.05, **p<.01.
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Table 5 Results of multiple regression analysis for prediction of DAFS performance by ECF domains (all
variables entered)

Variable Beta t Significance of ¢+  Zero-order  Correlations partial ~ Semi-partial
(Constant) 6.740 <.001

AGE —-.014 —-.125 NS —.158 —.019 —.013
EDUC .038 316 NS 315 .048 .033
SEX .046 425 NS —.109 .064 .044
WM 126 .835 NS .539 125 .087
PLAN 495 3.641 <.001 .669 481 .381
FLU 208 1.398 NS .525 206 .146
FLEX .006 .045 NS .348 .007 .005

Note. DAFS = The direct assessment of functional status; ECF = Executive Control Function;
EDUC = Education;, WM = Working Memory; PLAN = Planning; FLU = Verbal Fluency; FLEX =
Flexibility. Model: R = .720% R? =.519, Adj R* = .442, Std. Err. of Est. = 9.008, F = 6.777 (4,47),
p < .001.

“Dependent variable: DAFS summary impairment score.

DAFS performance. A significant association was found (adjusted R? = 0.44,
F(7,51) =6.78, p < 0.001). Summary statistics, beta values, ¢ values and component
correlation coefficients for the tests of ECF summary scores are presented in Table 5.
Analysis of the standardized regression coefficients revealed that no demographic
variables were significant contributors of the regression model. Further, only the
ECF summary score of Planning (f = .495, t = 3.641, p < .001) was a significant
predictor of performance on the DAFS.

DISCUSSION

Results of the present study support the construct of ECF as an important fac-
tor to consider when assessing one’s ability to function independently in later life.
First, participant performances in each domain of ECF assessed (WM, PLAN,
FLU, FLEX) were significantly related to observed functional performance. Second,
impairment level on the EXIT was associated with greater impairment on tasks of
daily living than persons not impaired on the EXIT, supporting the broad construct
of ECF as important in the maintenance of ADLs and IADLs, as suggested by past
researchers (Grigsby et al., 1998; Royall et al., 2000; Royall, Mahurin, & Gray,
1992). Finally, the current study expands previous findings in the geropsychological
literature by underscoring the importance of the specific ECF domain of planning in
maintaining functional ability in later life. Planning appeared in our regression
model to be the significant ECF domain predicting independent functioning, while
demographic variables of age, education, and gender did not appear to predict
observed functional ability in these older adults.

A methodological issue is the potential construct overlap of our identified
domains. All of the ECF domains were associated with functional decline in
correlational analyses, accounting for common variance in the DAFS of approxi-
mately 12% (FLEX), 27% (FLU), 29% (WM), or 45% (PLAN), respectively. How-
ever, when adjusted for unique variance (see partial and semi-part correlations,
Table 95), it is clear that only Planning accounted for the unique portion of the
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observed variance in our multiple regression model predicting performance on the
DAFS. While we feel that this indicates Planning as an essential ECF process for
successful independent function, the possibility remains that construct overlap
among the composite domains is explaining some of the same variance in functional
ability in regression analyses. This warrants further research.

Another limitation is our use of composite scores of varying numbers of scores,
which could potentially limit our confidence in how well each domain is represented.
However, past studies (e.g., Hoff et al., 1992) have successfully compared such scores
and found them useful in describing the relative importance of different cognitive
domains.

Finally, the current study population was generally of relatively high socioeco-
nomic status and well educated. Such participant characteristics are not necessarily
representative of the older adult population at large and thus data results may not be
generalizable to older adults of different SES or educational backgrounds. Future
research may focus on more diverse older adult populations. Results of the current
study are clearly sample specific and replication on a different sample is necessary for
examination of the reliability of observed relationships.

Despite such limitations, results of the current study provide valuable insight
into relationships among ECF variables and observed functional ability in later life.
Specifically, there appears to be a strong link between functional ability and ECF
and, more precisely, the cognitive factor of planning ability. Suggestions for future
work in this area include exploration of cutoff levels among these ECF domains,
as well as broader ECF domains for identification of older adults at risk for injury
in independent living situations. It may be possible to increase the sensitivity of vari-
ous specific ECF tests to detect poor ADLs and IADLs in persons who fall within
normal levels of overall cognition or overall ECF performance. Additionally, a large
percentage of variance remains unaccounted for in the prediction and understanding
of functional ability among older adults. This warrants further investigation of the
ecological validity of ECF tests and other potential explanatory factors for func-
tional capacity in later life.
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