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ABSTRACT

Executive functions (EF) are generally described as showing greater sensitivity to ageing compared to other cognitive
domains. Numerous pitfalls exist in the measurement of EF due to loose definitions and lack of agreement on these concepts
and uncertainty about the constructs being measured. To this date, the validity of EF constructs has not been examined in
the old-old population. Performance of 122 randomly selected community dwellers aged between 81 and 97 years on nine
EF tasks (seven of which commonly used in clinical practice) was examined. Factor analytic procedures using structural
equation modelling (SEM) failed to satisfactorily explain the data according to four a priori models, the first two models
reflecting two major constructs commonly found in current models of EF (“set” and “switch”), the last two reflecting task
requirements. The best measure for each task was extracted using statistically driven analyses and further SEM revealed an
orthogonal two-factor model which provided a good fit of the data, explaining between 8% and 25% of the total variance.
This model can be interpreted in terms of reactive and spontaneous flexibility as proposed by Eslinger and Grattan (1993),
with the first factor reflecting internally driven strategies and the second environment dependent strategies. Furthermore,
these findings aso suggest that: (&) unique tasks of EF may not be applicable to all age groups due to individual experience
and changes in strategies; and (b) current clinical instruments may be inadequate to measure very specific aspects of the

complex construct of EF.
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INTRODUCTION

Studies on executive functions (EF) in ageing
commonly report a poorer EF performance with
advancing age compared to younger age groups.
These changes include decline in concept formation
and abstraction, decrease in mental flexibility,
increased time required to shift mental sets, to
adapt to novel situations or to solve new or
unusual problems (Albert et al., 1990; Daigneault
et a., 1992; Daigneault and Braun, 1993; Levine et
al., 1995; Mittenberg et al., 1989; Parkin and
Lawrence, 1994; Robbins et al., 1998; Shimamura
and Jurica, 1994; Stuss et a., 1996; West, 1996).
Deficits in EF seem to increase rapidly in the
eighth decade of life and to show greater age-
related decline compared to other cognitive
functions such as language, memory and perception
(Mittenberg et a., 1989; Tranel et a., 1994). These
changes have been explained by a more rapid
ageing in structures thought to predominantly
mediate EF, namely the frontal lobes, compared to
other brain structures (Raz et al., 1997). However,
this “frontal aging hypothesis’ has been challenged
(Greenwood, 2000). Recent studies focusing on
normal cognitive ageing showed evidence of
decline related to age on some (e.g., Stroop test,
Tower of London, Modified card sorting test) but
not other (e.g., verbal fluency, cognitive estimates,
use of common objects) measures of EF in
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neurologically intact individuals (Crawford et al.,
2000; Rabbitt and Lowe, 2000; Wecker et al.,
2000).

Knowledge about EF is hampered by an
absence of clearly defined abilities or processes
encompassed by this construct (e.g., “judgment”,
“will”, “self-awareness”, *“creativity”, “error
utilization”, “inhibition” or “planning”) and by
poorly defined measurement criteria. Despite this
apparent lack of cohesion, EF are generally viewed
as the overarching mechanisms responsible for the
control of cognition (Phillips, 1997). They are very
important in aspects of behaviour that require (1)
setting up plans of actions (that may be composed
of subtasks) for the achievement of a pre-
determined goal; (2) the initiation and monitoring
of the plans;, and (3) the ability to shift and adapt
plans in response to external or internal pressures
(Luria, 1973). Executive functions are expressed in
activities as varied as problem solving (Lezak,
1995), planning (Tranel et al., 1994), cognitive
estimation (Shallice, 1988), prospective memory
(Burgess, 1997; Shimamura, 1995), and when
mental representation of tasks and goals are
required (Pennington et al., 1996). They are also
present in situations requiring concept formation,
reasoning, cognitive flexibility (“spontaneous’ and
“reactive” flexibility) (Grattan and Eslinger, 1991)
inhibition, working memory or resource allocation.
Most clinical EF tasks generally aim to test one of
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the following aspects of cognition: plan setting,
shifting and monitoring, or manipulation of abstract
concepts. These tasks tend to be: (a) novel, so as to
invoke higher levels of cognitive activation such as
novel planning and goal setting; (b) of a certain
duration, to tap into the monitoring aspect of
behaviour and on-line manipulation of information;
and (c) effortful, in order to engage cognitive
power fully and assess the levels of monitoring and
inhibition processes. Complexity is not necessary,
being a relative construct which may be handled by
other cognitive systems (Stuss and Alexander,
2000). Some degree of unpleasantness may be
present as EF tasks are designed to be effortful and
challenging (Denckla, 1996; Phillips, 1997).

Unlike other cognitive abilities, EF are
independent of direct external or internal sensory
inputs. Because of their primary role as coordinator
of purposeful actions, the correspondence between
the observed behaviours and the underlying
cognitive processes is uncertain (Burgess, 1997).
Because of this reliance on other cognitive systems
for their expression, pure measures of EF probably
do not exist. As such, descriptors of task demands
(e.g., “concept shifting” or “inhibition”) may be
useful labels but do not necessarily imply
corresponding different or discrete underlying
cognitive processes. Furthermore, there is evidence
that EF tasks that appear, on the surface, to require
similar cognitive demands do not necessarily result
in a consistent performance (Lowe and Rabbitt,
1997). Conversely, a disruption in an underlying
cognitive process may be exhibited in various
fashions (Kimberg and Farah, 1993). In addition,
EF tasks tap processes incidental to their main
purpose and the likelihood of measurement error is
therefore greater than for tasks measuring other
cognitive functions (Pennington et al., 1996). As
Della Sala and colleagues (1998) indicated, EF are
necessary but not sufficient for the adequate
performance of EF tasks. Despite the existing
confusion and lack of agreement in the literature
about these terms, clinicians have embraced this
nomenclature with enthusiasm, probably because of
what appears to be their obvious face validity.

Few studies have investigated the empirical
evidence and validity of the constructs underlying
EF tasks (Boone et al., 1998; Della Sala et al.,
1998; Kafer and Hunter, 1997). Kafer and Hunter
(1997) examined four tests purported to measure
planning and problem solving in a sample of 130
neurologically intact adults aged 17 to 55 years.
Structural equation modelling failed to validate any
of three hypothesised models and was further
unable to extract an adequate model that would
account for the data. The authors concluded that
their findings questioned the existence of the
“planning” and “problem solving” constructs
underlying the tasks used. They postulated that the
tests used were possibly not sensitive measures of
these constructs in the general population because

of skewed score distributions. In another study,
Della Sala et al. (1998) assessed 48 adult frontal
lobe patients on five “traditional” frontal tests and
five non-frontal tests. Their results revealed greater
positive correlations within the frontal tasks than
between the frontal and non-frontal tasks. Factor
analyses conducted on the five frontal tests, and on
the complete set only yielded single factor
solutions indicating that the two groups of tasks
could not be differentiated on statistical grounds.
The authors interpreted their results to indicate a
necessary frontal involvement in all tests and that
the difference was one of degree and not of kind.

To this date, factor analytic studies of EF tasks
in elderly people are lacking. In this age group, in
addition to brain structural changes that may (West,
1996) or may not (Greenwood, 2000) affect the
frontal lobes more predominantly, affecting EF
performance, other factors need to be taken into
account. First, both inter- and intra-individual
cognitive variability increase with age (Christensen
et al., 1999), possibly reflecting such structural
changes and expressed via the use of different
approaches in dealing with cognitive demands.
Second, the presence of diffuse neurodegenerative
disorders associated with age, such as dementia
further compounds this cognitive heterogeneity.
These disorders are accompanied by cognitive
changes in systems not necessarily directly
implicated in the resolution of EF type problems
but relied upon for their appropriate execution
(Collette et al., 1999; Goldberg and Bilder, Jr.,
1987; Lafleche and Albert, 1995).

Thus, the evidence presented above indicates
that EF measurement varies, becoming increasingly
complex with advancing age. In clinics involving
elderly patients, who not uncommonly present with
various simultaneously occurring pathological
processes, such changes need be considered and
their possible impact on EF task performance taken
into account. Further, research of this complex and
ever evolving construct and its possible
fractionation is necessary so that the cognitive
abilities supporting somewhat intangible constructs
can be better identified. In an attempt to address
these issues, the aim of this study was to identify
the structure underlying the pattern of performance
on a range of EF tasks in a group of community
dwellers aged 81 years and over.

METHODS
Participants

Participants were recruited from the 6-year
review of the Sydney Older Persons Study (SOPS)
(Creasey et d., 2001; Waite et a., 2001). SOPS is
a longitudinal study following a randomly selected
representative sample of 630 community dwellers
from the inner west of Sydney, Australia, aged 75
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Demographic Characteristics for the Study Sample (N = 122)

Variable N %
Gender (M/F) 64/58 52/48

Mean SD Range
Age 85.5 31 81-97
Education (Years) 10.4 21 6-19
Estimated full scale 1Q 108.7 10.0 83-128
MM SE total score 26.7 2.6 18-30
Boston naming test; total score 46.7 74 28-60
WMS-R Logica memory; % forgetting 33.8 26.5 —15-100
Judgment of line orientation 16.8 25 8-20

Note. MMSE = Mini Mental State Examination; WMS-R = Wechsler Memory Scale-Revised.

years and over at the time of recruitment in 1991-
1993. All the SOPS participants capable of giving
informed consent independently, or with the
assistance of a relative if necessary, were included
in the present study. Participants were excluded
when they were deemed too cognitively or
physically impaired, to prevent potential distress
from high level cognitive testing or MRI
procedures included in the study protocol (not
presented here). In order to maintain the broadest
possible panorama of cognition in this age
segment, no other a priori medical exclusion
criteria were applied. This study received ethics
approval from the Central Sydney Area Health
Service.

Of the 299 remaining SOPS participants
potentially available, 167 agreed to participate in
this study (56%). One participant died before
testing could be completed and one participant with
a Mini Mental State Examination (MMSE; Folstein
et a., 1975) score of 13 points was excluded; 14
participants changed their mind and an additional 7
subsequently declined because of poor health. By
the time of the study completion, another 6
participants were excluded because of continuing
poor health. Three participants lived too far from
the testing centre and could not be seen. Finally,
because of the MRI strong magnetic fields, 8
participants with a cardiac pacemaker had to be
excluded and another 5 declined to participate as
they were claustrophobic. Thus, 122 individuals
(64 men and 58 women) took part in the current
study. The sample’s demographic characteristics are
presented in Table | as well as descriptive statistics
for some measures of the integrity of the memory
(Wechsler Memory Scale-Revised Logical Memory
subtest; Wechsler, 1987), visuo-perceptual (subset
of Judgment of Line Orientation; Benton et al.,
1983) and language systems (Boston Naming Test;
Kaplan et al., 1983). These findings indicate that
the sample’s cognitive test performance (in terms
of posterior brain functions) is comparable to other
samples of similar age and education (lvnik et a.,
1996; Neils et al., 1995). Examination of the range
of MMSE scores reved's 3 participants with a score
of below 21 points (18, 19 and 19 points). As the

emphasis of the study was on a community sample,
these participants were not excluded in order to
maintain a more accurate reflection of the cognitive
functioning of this age group.

Procedure and Materials

Testing occurred in two sessions one month
apart on average, the first one at the participant’s
home and the second at the local university
teaching hospital. Tests of EF were administered as
part of a larger battery of cognitive tests, the order
remaining constant across individuals. The aim was
to select tasks that were commonly used in clinical
practice and would tap into different theoretical
constructs of EF. Further, with our elderly sample
in mind, preference was given for EF tasks that
were of short duration and that would minimise the
possible impact of sensory deficits common in this
age group. For these reasons, popular tests such as
the Wisconsin Card Sorting Test (Heaton et al.,
1993) or the Stroop test (Golden, 1978) were
omitted, being deemed too complex, too long or
susceptible to peripheral sensory deficits. The
following tests were administered: (1) WAIS-R
Similarities subtest (Wechsler, 1981); (2) New
tower of London (New TOL) (Hanes, 1997); (3)
Semantic fluency (animal category) (Spreen and
Strauss, 1991); (4) Phonemic fluency (FAS)
(Benton and Hamsher, 1983); (5) Ruff figural
fluency task (RFFT) (Ruff, 1988); (6) Oral trail
making test-part B (Oral Trails) (Kaye et al.,
1990); and (7) the WAIS-R-Digit span backward
subtest (DSB) (Wechsler, 1981).

Portions of two computerised tests measuring
working memory integrity were also included in
the battery: the N-Back Colour 1- and 2-Back
(Cohen et al., 1993) and the California
Computerized Assessment Package (CalCAP)
abbreviated version (Miller, 1996). For the N-Back,
the aim is to respond as quickly as possible
whenever a coloured circle briefly presented on a
computer screen is identical to the stimulus
presented immediately before (in the 1-Back
condition) or to the one presented before the last
one (in the 2-Back condition). Stimuli were
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TABLE II
Description of the Measures of Executive Functions and Four A Priori Groupings

Task Measure Set Switch Mode
1) WAIS-R Similarities Total words Y N non-C
2) New tower of London Highest level achieved Y Y non-C
Planning time item 3 Y N non-C
Execution time item 3 N Y non-C
3) Semantic fluency Switching score N Y non-C
Clustering score Y N non-C
4) Phonemic fluency Switching score N Y non-C
Clustering score Y N non-C
5) Ruff figura fluency test Total designs Y Y non-C
Total repetitions N Y non-C
6) Ordl trails-part B Total time Y Y non-C
Efficiency score N Y non-C
7) WAIS-R Digit span backward Longest span Y Y non-C
8) N-Back
Colour 1-Back Reaction time Y N C
Efficiency N Y C
Colour 2-Back Reaction time Y N C
Efficiency N Y C
9) CaCAP
Simple reaction time Reaction time Y N C
Complex reaction time Reaction time Y N C
Efficiency N Y C
Serial pattern matching 1 Reaction time Y N C
Efficiency N Y C
Seria pattern matching 2 Reaction time Y N C
Efficiency N Y C

Note. Y = belongs to model; N = does not belong to model (overlap is possible between set and switch models); C = computerised administration; non-C =
non-computerised administration. Tasks: CalCAP = Cdlifornia computerized assessment package; WAIS-R = Wechsler Adult Intelligence Scale-Revised.

presented in a pseudo random order on the centre
of a 12-inch colour screen. There were 38 different
items comprising 37 possible pairs including 8
target pairs (9 pairs for the Colour 2-Back task).
Stimulus presentation was 1000 msec with an inter
stimulus interval (1SI) of 500 msec. Sitting at a
distance of approximately 60-70 cm from the
screen, participants were instructed to respond to
the targets as quickly as possible by pressing with
their dominant hand on a keypad connected to the
external port. For each task, the reaction time was
recorded as well as an efficiency rate which was a
composite measure of accuracy and false positives.

The abbreviated CalCAP comprised four tasks
varying in complexity. First was a simple reaction
time (RT) task which required participants to
respond to any stimulus as quickly as possible.
Fifteen stimuli were presented with a random ISl
ranging from 1000 to 5000 msec. The second task,
a choice RT task, required a response only to the
digit “7”. This task was composed of 100 trials
with 15 target stimuli presented in a pseudo
random order. Stimulus duration was 100 msec
with an ISl of 800 msec. The third task was the
“Serial Pattern Matching 1", a task requiring a
response to the presentation of two identical digits
in sequence (i.e. one immediately after the other).
The procedure was identical to the previous task
except that it contained 20 target stimuli. The final
task “Serial Pattern Matching 2" required
participants to respond when they saw two digitsin
sequence and in increasing order (e.g. “2" followed
by “3”). Number of trials, number of target
stimulus were identical to the previous task. The
CalCAP stimuli (single digits) were presented on

the centre of a 12-inch colour screen. The
instructions were very similar for the four tasks.
Participants were asked to respond as quickly as
possible to certain types of configurations by
pressing the space bar on the keyboard and were
asked to ignore all the other (irrelevant) stimuli.
Each task was preceded by a maximum of 4
practice trials. The mean RT for the correct
responses was recorded for all the tasks. An
efficiency measure accounting for the number of
false positive responses in the total number of
responses was also recorded except for the single
RT task where this measure was not applicable.
The tests and measures collected are presented in
Table 1.

Planned Statistical Analyses

In order to examine the pattern of relations
within the EF variables, four a priori models using
different groupings of measures were tested with
structural equation procedures. These groupings
were: (1) “set” which included measures assumed to
tap into cognitive abilities such as strategies,
planning, problem solving and reasoning skills; (2)
“switch” which included measures assumed to tap
into aspects of EF such as flexibility, self-
monitoring and set shifting; (3) “mode” which was
taking into account test administration
(computerised or not); and (4) “task” which
examined grouping of measures by tasks. Allocation
of measures to “set” and “switch” was based on task
requirements, face validity and clinical judgment.
For each model, maximum likelihood parameter
estimates were obtained using AMOS 3.6.1
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TABLE Il
Descriptive Statistics for the EF Measures

Task Measure Mean SD Range #of MVs
WAIS-R Similarities: Total score 12.0 7.0 0-27 0
New tower of London: Highest level achieved 4.2 16 1-9 7
Planning time item 3 8.2 7.0 1-35 7
Execution time item 3 225 24.0 3-174 7
Semantic fluency: Switching score 7.7 31 1-18 1
Clustering score 0.71 0.56 0-3.67 1
Total score 132 4.3 3-31 1
Phonemic fluency: Switching score 25.8 11.0 0-52 1
Clustering score 0.12 0.13 0-0.55 1
Total score 30.0 125 2-62 1
Ruff figura fluency test: Total designs 37.6 135 12-77 1
Total repetitions 8.1 9.0 0-66 11
Oral trails-part B: Total time 56.7 26.6 15-108 4
Efficiency score 87.0 20.0 0-100 4
WAIS-R Digit span backward: Longest span 4.1 0.9 2-7 26
Colour 1-Back: Reaction time 0.76 0.23 0.40-1.49 18
Efficiency 63.40 37.70 —87-100 18
Colour 2-Back: Reaction time 1.05 0.36 0.43-3.03 18
Efficiency 11.00 39.82 —187-87 18
CaCAP simple RT: Reaction time 525.49 264.54 289-2447 10
CalCAP complex RT: Reaction time 554.40 81.37 413-831 12
Efficiency 0.86 0.15 0.20-1 12
CalCAP seria pattern matching 1: Reaction time 567.69 79.06 388-855 17
Efficiency 0.56 0.23 -0.05-1 17
CaCAP serial pattern matching 2: Reaction time 584.99 95.01 236-866 27
Efficiency 0.42 0.18 0.04-0.80 27

Note. CalCAP = Cdlifornia computerized assessment package; WAIS-R = Wechsler Adult Intelligence Scale-Revised; MV = missing value.

(Arbuckle, 1997). Currently, in the domain of
structural equation modelling, a large number of
indices are available to test the goodness of fit of a
model. (See Byrne, 2001 for a good introduction
text on these increasingly popular methods). In this
study, goodness of fit was established using the
goodness of fit index (GFl), the adjusted GFI
(Arbuckle, 1997) and the root mean square error
approximation (RMSEA) (Browne and Cudeck,
1992). A GFI in excess of .90 indicates a good fit of
the model onto the data (Marsh et al., 1988); an
adjusted GFI will always be lower than the GFlI,
imposing a penalty related to the number of
parameters being estimated, and values in excess of
.90 indicate very good fits; whilst a RMSEA value
of less than 0.04 is indicative of a close fit of the
model (Browne and Cudeck, 1992). The models
with their respective groupings are presented in
Table I1. The data, correlations and SDs, used for
these analyses are presented in the Appendix, with
missing values (MVs) imputed. For all the EF
measures, existing missing values were inferred
from the scores from the remaining variables within
the set using a multiple regression procedure. In
other words, the obtained score, in replacement of
the MV, was a composite score reflecting the pattern
of associations among predictors (i.e., the other
variables) with the predictor having the MV.

REsuLTS
The descriptive statistics for the EF measures

are presented in Table I11. Within the structural
equation modelling procedures, a single factor

model fitting “set” was examined first. This was
followed by a second model adding “switch” as a
second factor before the third model, adding
“mode”, was examined. Finally, a “task” model
was examined independently. These models did not
include the total number of words for the two
fluency tasks as they were deemed to reflect a
composite measure of the number and size of word
clusters already represented in the data set
(switching and clustering scores respectively).

None of the a priori models was able to
provide an acceptable fit of the interrelations
among the set of variables (see Table IV). The
initial single factor (“set”) model gave rise to a
GFI of .552. The GFI improved only marginally
after the introduction of the “switch” and “mode”
factor (.686 and .722 respectively). The “task”
model, positing 9 factors underlying the nine tests
was unable to converge and gave rise to an
inadmissible solution because of the presence of
negative variance or correlations larger than 1.00
among some variables.

Given the unsuccessful modelling of measures
according to theoretical neuropsychological
constructs, the components from each test were
examined individually. It appeared that certain
measures exhibited partial logical constraints. For
example, the switching and mean cluster size scores
from the Semantic fluency task had a negative
correlation (r = — .50) and were “competing” in
that high scores on one component could only be
achieved at the expense of the other. The same
phenomenon was observed to a lesser degree for
the RFFT between the number of repetitions and
the number of unique designs (r = — .14).
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TABLE IV
Results of the Confirmatory Factor Analyses for Four A Priori Models

Model Admissible X2 af GFI AGFI RMSEA
“ Set” Yes 1093.494 262 .552 487 0.162
“Set” & “Switch” Yes 711.228 247 .686 .619 0.125
“Set”, “Switch” & “Mode” Yes 595.997 234 722 .643 0.113
“Task” No 610.154 222 725 .628 0.120

Note. GFI = goodness of fit; AGFI = adjusted goodness of fit; RMSEA = root mean square error of approximation.

Given these constraints, a statistically driven
analysis of the EF measures was conducted to
clarify the underlying structure within each test
with the goal of extracting one meaningful measure
per task. For each task, this was achieved by first
identifying and removing existing constraints.
Unnecessary measures, as determined by the results
of the analyses performed on each task were also
removed. As such, to resolve the competition
between the switching and clustering measures
from the two verbal fluency tasks, these were
replaced with their respective global measure (i.e.,
total number of words). Single indicators for the
WAIS-R DSB and Similarities subtests were
retained. For the seven CalCAP measures, no
logical constraints, such as the ones described
above, were present. Maximum likelihood factor
analytic investigations within this set of measures
revealed two factors with an eigenvalue greater
than 1. Confirmatory factor analysis of this two-
factor solution using AMOS 3.6.1 (Arbuckle, 1997)
produced a GFl of .969 (x? = 14.837; df = 8) but
yielded a correlation of .968 between the two
factors, these being in essence indistinguishable.
The CalCAP measures were therefore summarised
into one composite score composed of their z-score
weighted total. A similar procedure was applied to
the N-Back measures. As two factors could not be
fitted to four indicators, these measures were
summarised with their average z-score weighted
total into one composite score. Following the same
procedure, a composite score was constructed from
the time and performance measures from the Oral
Trails task as they seemed to tap a common
construct conceptually. For the New TOL test, the
highest level of complexity successfully completed
was retained. Finally for the RFFT, a composite
measure was constructed taking into account the
number of errors in the total performance.

The factorial structure of this set of nine
variables was investigated with AMOS 3.6.1
(Arbuckle, 1997). An initial exploratory model
fitted with one general factor gave rise to a GFl of
.905, an adjusted GFI of .842 and a RMSEA value
of 0.094 (x?= 55.89; df = 27; p = .001). The
introduction of a second factor saw the exploratory
model improve significantly with a GFI of .943, an
adjusted GFI of .864 and a RMSEA of 0.078 (x?=
33.107; df = 19; p = .023); increment x2 = 22.783
on 8 df; p = .004. The highest modification index
between residuals was ascertained (12.447 between

the two verbal fluency measures) and a correlated
unigueness parameter between these residuals
(yielding r = .42) was added to the model. This
improved the fit of the two-factor model
substantially, giving rise to a GFI value of .970, an
adjusted GFI of .925 and a RMSEA value of 0.00
(x? = 16.553; df = 18; p = .554)%. This model was
then “reified” (i.e.,, an oblique factor rotation
chosen) by defining a 2-factor model with the first
factor loading exclusively on N-Back and not on
DSB and, conversely, the second factor loading
exclusively on DSB but not on N-Back.
Constraining the latent Factorl1-2 correlation from
this model (r = — .221; Critical Ratio = — 1.126) to
0 resulted in no loss of information: GFI = .968,
adjusted GFI = .923 and RMSEA = 0.00 (x? =
17.854; df = 19; p = .532). This indicated that the
correlation between the two factors indicated by N-
Back and DSB tasks was well within chance
bounds (i.e., not significantly different from 0) and
strongly supported a two-orthogonal-factor model
as acceptable for the nine tasks. Finally, the
loadings from FAS and Similarities to Factor-1 (the
factor indicated by N-Back) were not significant, so
a final model was run with these set to zero: GFI =
.966, adjusted GFI = .926 and RMSEA = 0.00 (x?=
19.260; df = 21; p = .568). The estimates from this
fina model are shown in Table V.

Inspection of the relative contribution of each
factor to the explained variance for each EF
measure allowed interpretation in terms of three
distinct groups: (a) a group of measures showing
loadings on Factor 2 in excess of 85% (DSB,
Similarities, FAS and RFFT); (b) a group of
measures with approximately equal relative
contributions from Factor 1 and 2 to the explained
variance (Semantic fluency, Oral Trails, CalCAP
and New TOL); and finally (3) N-Back, loading
exclusively on Factor 1. The intercorrelations
among the nine EF composite measures are
presented in Table VI with the tasks grouped
according to their respective loadings. The overall
average correlation was .35, however, within and
between group average correlations were more
varied with a positive correlation coefficient of
.446 among the measures loading primarily on

1This over association between these two measures cannot be ignored. The
introduction of the correlated uniqueness parameter can be seen as a third
minor common factor for these two tasks only, whilst remaining
uncorrelated with the other two factors.
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TABLE V
Final Two-factor Model for the Nine EF Measures

33

Variance Ratio Relative contribution to
Factor 1 Factor2 o hjained (%)  (FUF2) explained variance

Factor 1 Factor 2
Colour N-Back 0.499 0 24 Infinite 1.00 0.00
DSB 0 0.614 23 0 0.00 1.00
Similarities 0 4519 18 0 0.00 1.00
FAS 0 7.892 16 0 0.00 1.00
RFFT 3.342 10.048 25 0.33 0.10 0.90
Semantic fluency 1.098 2.226 12 0.49 0.20 0.80
Oral Trails 0.384 0.488 23 0.79 0.38 0.62
CalCAP 0.275 0.359 13 0.77 0.37 0.63
New TOL 0.654 0.484 8 1.35 0.65 0.35

Note. CalCAP = California computerized assessment package; DSB = Digit span backward; FAS = Phonemic fluency; New TOL = New tower of London;

RFFT = Ruff figural fluency test.

TABLE VI
Correlations (x 100) and SDs for the Nine EF Measures Grouped according to their Respective Factor Loadings

Loading Factor 1 Factor 2 Mixed
Measure SDs 1 2 3 4 5 6 7 8 9
Factor 1 1. Colour N-Back 0.71 100
Factor 2 2.DSB 0.88 10 100
3. Similarities 6.94 9 43 100
4. FAS 12.41 12 42 43 100
5. RFFT 15.13 26 55 43 43 100
Mixed 6. Semantic fluency 4.29 24 33 35 61 48 100
7. Ora Trails 0.92 36 40 41 41 40 42 100
8. CaCAP 0.77 31 29 38 36 40 35 47 100
9. New TOL 154 31 29 15 24 35 35 39 29 100

Note. All correlations larger than .15 significant at the .005 level.

CalCAP = California computerized assessment package; DSB = Digit span backward; FAS = Phonemic fluency; New TOL = New tower of London; RFFT =

Ruff figural fluency test.

Factor 2 (DSB, Similarities, FAS and RFFT) and
.379 among those loading equally on both factors
(i.e. “Mixed”; Semantic fluency, Oral Trails,
CaCAP and New TOL). Among the groups, the
correlation between N-Back (i.e., Factor 1
measure) and the Factor 2 measures was much
lower (average r = .141) whilst the correlations
between the “Mixed” group and Factor 1 and 2
groups were .307 and .366 respectively.

DiscussioN

Bearing in mind the smallness of our sample
and the large number of EF tests examined, in this
sample composed of elderly community dwellers,
none of the postulated EF models was found to
yield even approximate fit of the covariance data
Somewhat surprisingly, the EF measures did not fit
the groupings according to existing models of EF
cognitive constructs thought to reflect the more
basic (core) cognitive requirements underlying
tasks of EF. Thus, the “set” grouping supposedly
requiring means-goal analysis, plan of actions,
strategy application, activation of past experience
and appropriate activation of schemas, plans or
scripts; or the “switch” grouping supposedly
requiring on-line maintenance of activation,
discrepancy analysis between “now and end goal”,

and shifting of plans of actions failed to explain
the data adequately. The presence of logical
constraints between measures of the same task
(vielding negative correlations as “method” effects)
such as switching and clustering scores in Semantic
fluency made it impossible to examine the exact
role of some components and may have
compounded these findings. Our statistically driven
approach, devoid of any a priori theory, was an
attempt to clarify the existing underlying constructs
within each test, to reduce the existing dependency
among some measures and to shed light on the
relations among these tasks. From these
investigations, the associations among these
measures can be explained by two orthogonal
factors with three distinct groups emerging from
these analyses. Factor 1 was defined such that one
measure, N-Back, loads exclusively on it. Factor 2
was defined such that DSB loaded exclusively on
it, and we found that three other measures
essentially load only on this factor as well.
Surprisingly, these two factors are in essence
uncorrelated (this feature of the data can directly
be seen from the near zero correlations between N-
Back and the four Factor-2 indicator tests in Table
6). Finally, the variance on the last four measures
is explained by contributions from both Factors 1
and 2. The variance explained in these measures by
the two common factors was low (8%-25%),
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indicating that the tests probably are somewhat
idiosyncratic to a major extent.

One interpretation emerging from the results of
the factor analytic investigations fit Eslinger and
Grattan's (1993) theoretical framework of EF. The
measures that predominantly load on Factor 2
(FAS, RFFT, Similarities and DSB) are all
characterised by commonly encountered stimuli in
the context of unusual demands and manipulations.
An optimal performance is reliant on the generation
of a diversity of responses and creative approaches
that are all internally driven. Such tasks require
divergent thinking or, in the words of Eslinger and
Grattan (1993): spontaneous flexibility. In contrast,
N-Back, which is loading exclusively on Factor 1,
is atask that is unusua from the outset and requires
unusua responses. In this instance, self-generated
strategies cannot be applied for appropriate
performance and correct responses are only
achieved in response to stimuli triggered by the
environment. This task requires participants to shift
response set in relation to external cues and relies
on convergent thinking or reactive flexibility (i.e.,
the “readiness to freely shift cognition and
behaviour according to the particular demands and
context of a situation”; Eslinger and Grattan, 1993,
p. 18). Whilst a verbal, internally driven, strategy
may be used, the task requires a constant update of
information within working memory which can
only be achieved successfully by responding to the
environment. The tasks that belong to the “Mixed”
group (i.e., loading on both factors) necessitate
concurrent activation of on-line maintenance of
information (spontaneous flexibility) within a given
framework of activation (reactive flexibility). For
example, Semantic fluency requires the production
of words within a single semantic category and is
therefore subject to clear external boundaries.
Spontaneous flexibility remains however a
necessary component reflected in the choice of
strategies (e.g., clusters and switches among
subcategories of animals). In this group, the
difference in factor loadings would reflect the
strength of the existing framework (e.g., less for
Semantic fluency and greater for New TOL).

Alternative explanations to the data set were
unsatisfactory. These findings were not explained
by task requirements, our results showing no
specific groupings for the measures by modality
(such as language versus non-language based
processes, motor or visuospatial abilities).
Similarly, decline in speed of processing, which
has been put forward as the primary underlying
process accounting for changes in EF performance
with ageing (Salthouse, 1994; Salthouse and
Babcock, 1991), did not contribute to the various
groupings of measures. Our findings are in contrast
with other studies. Kensinger et al. (2000) and
Shimamura (2000) describe DSB and N-Back as
measuring the same cognitive construct, namely
updating and manipulation of information. Our

results suggest that, in a very old sample, these two
tasks require quite different processes for
appropriate performance. Within a working
memory and age difference framework, it is
possible that N-Back and DSB load on a common
factor but not when other aspects of EF are
considered.

Several methodological aspects of this study
deserve comment. First, the total variance explained
by the two factors remains small on all EF measures
(between 8 and 25%). This indicates the presence of
uncorrelated specific factors, as well as noise,
associated with the task and suggests that this group
of tasksis not strongly related. Nevertheless, within
the shared portion of the variance, the processes can
be explained along the lines of two underlying
factors reflecting internal/external or
divergent/convergent thinking processes. Second, it
may be argued that these findings may not be
applicable to other tests of EF such as the WCST or
the Stroop but this needs to be determined.
Nevertheless, the tasks were selected on the basis of
sound criteria: to be commonly used in clinical
practice; to be relevant in the context of the
assessment of very old participants, and to map onto
previously described underlying cognitive
constructs within the EF domain. Thirdly, the
contribution of certain components, such as
switching and clustering, could not be examined
fully. Although both may be associated with EF,
because of task requirements, these cannot be
measured simultaneously. When they arise from the
same task, there is a risk of obtaining findings that
are influenced not by underlying EF constructs but
by task constraints thus distorting the model. Had
the “switching” and “clustering” scores been
collected on separate occasions, it is predicted that
the negative correlation between the two measures
would have been attenuated or would have even
become positive. Finally, the discrepancy between
these findings and other studies may be related to
the nature of our sample. This community sample
comprises randomly selected “old-old” participants,
some of whom may present with some level of
cognitive impairment. Whilst not homogeneous in
that respect (i.e., not composed of completely
healthy subjects only), this sample more accurately
reflects the cognitive functioning of this age group,
with its increasingly common within and between-
subject variahility in test performance (Christensen
et a., 1999). It is also more similar to the type of
patients clinicians are likely to encounter in their
practice.

Beyond the uncertainty regarding the face
validity of some of the existing tasks of EF (Burgess,
1997; Levine et al., 1998; Phillips, 1997; Rabbitt,
1997), our findings underscore the difficulty in
investigating the measurement of EF, particularly in
the oldest segment of the population. Test
performance data on this age group remain scarce.
Perhaps the specific cognitive requirements for the
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successful completion of tasks of EF vary depending
on the cognitive development of the participants.
Denckla (1996) has suggested that some EF tasks tap
into different cognitive constructs in children and in
adults. It may be fallacious to entertain the thought
of a unitary EF task, applicable to all age groups,
given that anovel task at a certain age may not be so
at a later stage of development due to continuing
exposure to similar situations. Consequently, it is
possible that how very old participants approach
tasks of EF differ from younger adult participants.
At this point in time, as suggested by Kafer and
Hunter (1997), available instruments may not allow
clinicians to measure the many hypothesised facets
of EF. Alternatively, it is also possible that measures
of EF are age specific and that different tasks may
be required at different ages.

The size and representativeness of the sample is
certainly a strength for a study involving
participants aged 81 years and over although the
number of participants may arguably be small by
statistical standards. These results are presented as
a conceptual analysis in an attempt to raise
awareness and discuss an important methodological
issue in the assessment of EF rather than to
provide a definitive answer to a very complex
guestion. Nevertheless, the results of these analyses
conducted on the EF measures gave rise to a model
of EF which is intuitive and fits previous findings
(Eslinger and Grattan, 1993). Obviously, this model
will need to be examined and tested further. In any
case, continuing research on EF is needed not only
to better understand the subtleties of human
cognition but also to develop appropriate
instruments that will improve the measurement of
specific cognitive constructs.
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