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Executive functioning in healthy elderly Chinese people
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Abstract

This study aimed to explore the executive function of healthy elderly Chinese people. A sample of 58 healthy Chinese aged
60 and over was recruited from Guangzhou in China. They were divided into two age groups, a younger age group (aged 60–70)
and an older age group (aged over 70). Executive function was measured by a battery of seven tests which were assumed to
capture specific components of executive function. The tests were initiation (Hayling Sentence Completion Test (HSC)), sustained
attention (Monotone Counting Test), switching and flexibility (word fluency and modified Wisconsin Card Sorting Test (WCST)),
disinhibition (Modified Six Element Task (SET), Stroop Test, and HSC), attention allocation and planning (SET and modified
version of WCST), and updating (Chinese Letter–Number Span). When independent neurocognitive tests were analyzed, there
were significant age differences in the WCST (perseverative errors and category completed, p = 0.025, 0.023) and the SET (raw
score, p = 0.050). The older age group tended to do worse in the total profile score of the SET and correct responses of the HSC
Part A. However, when these tests were grouped into specific executive function components, a significant difference was found
between the two groups in attention allocation and planning (p = 0.007) and total component score (p = 0.026). Regression analyses
also indicated that age accounted for only very little variance of executive function in this narrow band of the elderly, whereas
educational level accounted for a large part of the variance in initiation (R2 = 0.252, p < 0.001), switching and flexibility (R2 = 0.211,
p < 0.001), and updating (R2 = 0.236, p < 0.001) components of executive function. Our findings suggest that a significant decline
in general executive functioning with advancing age was only evident in some putative tests in this sample. In addition, executive
functions were selectively affected by older age, with attention location and planning and initiation being the components that were
most affected.
© 2007 National Academy of Neuropsychology. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

It is suggested that in normal aging there is a natural process of cognitive decline that is distinct from a pathological
aging process such as dementia (Buckner, 2004; Head, Snyder, Girton, Morris, & Buckner, 2005). The frontal hypothesis
of cognitive aging assumes that the cerebral cortex deteriorates disproportionately in such a way that aging affects
the frontal lobe at first, especially the prefrontal cortex (West, 1996). Neurobiological data (reviewed in Hedden &
Gabrieli, 2004) tend to support this hypothesis. The prefrontal cortex (but not the other regions) is associated with a
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decline in the general volume, white matter density, and synaptic densities in the aging brain. Because the prefrontal
cortex has been considered to be the seat of executive function, a corresponding decline in executive function has been
proposed. Extensive data from cross-sectional and longitudinal studies have demonstrated a robust general decline in
executive function among normal elderly (see, for example, Andres & der Linden, 2000; Crawford, Bryan, Luszcz,
Obonsawin, & Stewart, 2000; Grigsby, Kaye, & Robbins, 1995; Royall, Espino, Polk, Palmer, & Markides, 2004;
Royall, Palmer, Chiodo, & Polk, 2004; Singer, Verhaeghen, Ghisletta, Lindenberger, & Baltes, 2003).

However, executive function is not a unitary construct and comprises sub-components that are responsible for
planning, assembling, coordinating, sequencing, and monitoring other cognitive operations (Burgess & Shallice, 1996a,
1996b; Salthouse, Atkinson, & Berish, 2003; Stuss, Shallice, Alexander, & Picton, 1995). Preliminary evidence suggests
that in normal aging there are selective deficits in executive function rather than a general decline. For example, Crawford
et al. (2000) found age-related decline in the modified Wisconsin Card Sorting Task (WCST) and Stroop Test, but not
in verbal fluency and cognitive estimates, which suggests that planning and control of interference were particularly
vulnerable to increasing age. Others (e.g., Plumet, Gil, & Gaonac’h, 2005; Wecker, Kramer, Wisniewski, & Delis,
2000) found an age effect in inhibition and distraction, with switching tasks resistant to aging. These studies suggest
that there are differential changes in executive function and that the fractionation of executive function is necessary
when studying aging effect.

However, there are several limitations in the studies. First, relatively few studies have focused on the age-related
deficits in specific components of executive function. Older participants tended to switch less often than younger ones
in the semantic fluency test (Troyer, Moscovitch, & Winocur, 1997). Additionally, older adults were less likely to
inhibit a habitual response than younger adults, which was evident in the HSC (Bielak, Mansueti, Strauss, & Dixon,
2005) and Stroop Test (Wecker et al., 2000).

Second, most of the aforementioned studies were based on a traditional set of tests of executive function, without
detailing specific components. The conclusions drawn from these studies might be limited by their methodologies.
The putative executive measures might not load on a single executive construct, and might overlap with each other
(Miyake, Friedman, Emerson, Wilzki, & Howerter, 2000; Royall et al., 2002). In these studies the sub-components
of executive function were discussed, but researchers covered only one or two components and did not discuss the
executive function as a whole. Therefore, it is necessary to investigate which components the age effect covers.

Third, most of the aforementioned studies were limited to the investigation of the aging effect as a whole. That is,
the previous emphasis was on cognitive decline or executive dysfunction with advancing age. However, it is commonly
agreed that “old” can be subdivided into different subgroups – young-old, older-old, and oldest-old – and that the
subgroups can be characterized by their own cognitive profiles. We speculate that differential executive functioning
can be observed among these distinct age subgroups.

Fourth, the majority of data that concerns executive function in elderly people was primarily obtained from Western
populations. Very few data have been generated from non-Western populations, in particular, the Chinese. Chan, Lam,
Wong, and Chiu (2003) found that performance of the modified version of the WCST (Nelson, 1976) by healthy
Chinese elderly was associated with age, educational level, and gender. Guo et al. (2003) compared the cognitive
functions among elderly of Shanghai, Hong Kong, and San Diego with the Mattis Dementia Rating Scale (DRS) and
Mini-Mental State Examination (MMSE).

This study aimed to explore executive function performance in healthy elderly Chinese people. It extended previous
studies by examining the potential decline of specific components of executive function in healthy elders. We attempted
to examine two age subgroups, the young-old and older-old. We adopted the supervisory attentional system (SAS)
(Norman & Shallice, 1986) as the theoretical framework to guide the selection of tests that were used in this study.
According to the SAS, there are two cognitive processes that control our actions and thoughts, namely, contention
scheduling and the supervisory attentional system. Contention scheduling is responsible for routine overlearned behav-
ior and the performance of everyday tasks. The supervisory attention system is responsible for regulating non-routine
and novel tasks. Impairment in the SAS is expected to result in the inability to formulate a goal, to plan, or to choose
between alternative sequences of behavior to reach a particular goal.

This model has several advantages over other models. First, this model clearly delineates the specific cognitive
processes that are responsible for deficits or dysfunctions in executive function in either healthy or clinical populations
(e.g., Burgess & Shallice, 1996a, 1996b; Chan, 2001; Chan, Chen, Cheung, Chen, & Cheung, 2004a, 2004b; Chan,
Chen, Cheung, Chen, & Cheung, 2006; Chan, Chen, & Law, 2006; Frith, 1992). In particular, the SAS is responsible
for constructing responses in novel situations and for modifying a scheme when the original scheme is inappropriate at
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that time. Impairment of the SAS will result in the inability to formulate a goal, to plan, or to choose between alternative
sequences of behavior to reach a particular goal. Second, several tasks have been developed from this framework to cap-
ture specific components of executive function, including initiation, sustaining, switching and flexibility, disinhibition,
attention allocation and planning, and online updating (Burgess & Shallice, 1996a, 1996b; Robertson, Manly, Andrade,
Baddeley, & Yiend, 1997; Shallice & Burgess, 1991; Shallice, Burgess, & Frith, 1991). Third, these SAS-based tests
have been adapted and applied to the Chinese context and have been shown to have impressive psychometric properties
and clinical sensitivity (e.g., Chan, 2001; Chan et al., 2004a, 2004b; Chan, Chen, Cheung, et al., 2006; Chan, Chen, &
Law, 2006).

Given the frontal hypothesis of cognitive aging, we expected that there would be a greater decline in executive
functioning in older elderly people than in younger elderly people. We also wanted to explore the effects of educational
level and gender on executive functioning in this narrow band of elderly participants. Moreover, different components
of executive function could also be assessed by a set of tasks that were specifically designed to capture the potential
decline of the proposed components. We therefore hypothesized that selective deficits in the attention allocation and
planning and initiation components would be demonstrated with increasing age.

2. Methodology

2.1. Participants

Older adults who were 60 years of age or more were recruited from the sample pool of an extensive norming
project of neuropsychological testing. They were screened by questionnaires and interviews that were conducted by
research assistants. Elders with central nervous system diseases or psychiatric illnesses were excluded from this study.
Moreover, all participants were screened by the Chinese version of the Mini-Mental State Examination (Wang, Zhang,
Qu, Chen, & Zhao, 1989). The Chinese MMSE has a sensitivity of 92.5% and specificity of 76.5% in detecting subjects
with dementia (Chan, Yung, & Pan, 2005). A cut-off score was chosen according to the subject’s educational level, as
previously suggested (Wang et al., 1989), that is, 18 for illiterate; 20 for 6 years of education; and 24 for more than 6
years of education.

An initial sample of 73 participants was approached. However, 15 cases did not complete all the tests and were
deleted from the database. A sample of 58 cases was included in the subsequent data analyses.

2.2. Measures

The tests for the present study were selected from the battery that was used by Chan et al. (2004a); Chan, Chen,
Cheung, et al. (2006); and Chan, Chen, and Law (2006) in the Chinese samples. They were either theory-based to
capture specific components of executive function or had been proved to be sensitive to prefrontal deficits. They were
demonstrated to be able to reflect both the quantitative and qualitative features of the corresponding components of
executive function in either a healthy population or clinical group. However, because the subjects were elderly, we
knew that the duration of the testing should not be too long; therefore, we chose one or two tests for each component.
Details of these tests have been described elsewhere (e.g., Burgess & Shallice, 1996a, 1996b; Chan et al., 2004a; Chan,
Chen, Cheung, et al., 2006; Chan, Chen, & Law, 2006). In brief, the test features of each component are as follows.

2.2.1. Initiation
This was measured by the Hayling Sentence Completion Test Part A (HSC Part A) (Burgess & Shallice, 1996a,

1996b; Chinese version, Chan et al., 2004a). Participants were presented with a sentence with the last word omitted,
then asked to complete the sentence. The total number of correct responses was converted to a z-score that reflected
the initiation component.

2.2.2. Sustained attention
This was measured by the Monotone Counting Test (Wilkins, Shallice, & MaCarthy, 1987). Participants were

required to listen to a series of brief pure tones that were generated at a regular pace and asked to report the number
of tones that were presented after each trial finished. The number of correct counts was converted to a z-score that
reflected the sustained attention component.
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2.2.3. Switching and flexibility
These were measured by the Word Fluency Test (Spreen & Strauss, 1998) and the perseverative errors in a modified

version of the WCST (Nelson, 1976). A composite score was calculated by averaging the value of the summation of
the converted z-scores of these two tests.

2.2.4. Disinhibition
This was measured by the HSC Part B, Stroop interference (Victoria version, adapted Chinese version, Lee & Chan,

2000) and the total number of rule-breaks of the modified version of the Six Elements Test (SET) (Wilson, Alderman,
Burgess, Emslie, & Evans, 1996). In the HSC Part B, participants were required to complete the sentence with any
word that was unrelated to the sentence and would make no sense given the sentence frame. A composite score was
calculated by averaging the value of the summation of the converted z-scores of each of these tests.

2.2.5. Attention allocation and planning
These were measured by the raw score and total profile score of the modified version of the SET and the category

score of the WCST. A composite score was calculated by averaging the value of the summation of the converted
z-scores of these parameters.

2.2.6. Online updating
This was measured by the total number of correct recalls of the Letter–Number Span Test (CLN) (Gold, Carpenter,

Randolph, Goldberg, & Weinberger, 1997; Chinese version, Chan et al., in press). In this test, participants were required
to sort out letters from numbers within a row of alternating letters and numbers that were read to them, and recall
the letters and numbers, respectively, in ascending order. There were eight levels, with increasing difficulty from
two to nine items. The converted z-score of the number of correct recalls was used to reflect the online updating
functioning.

2.3. Data analysis

The sample was divided into two groups according to their age, a younger age group (aged 60–70) and an older age
group (aged over 70). MANOVA was used preliminarily to see if there was an age effect in the presence of the collection
of all the executive tasks. Therefore, 10 variables that were most representative in capturing specific neurocognitive
domains were selected in the analysis. They were: number of correct generated words in word fluency, interference
values in the Stroop Test, number of correct responses in the Monotone Counting Test, number of correct items in
the CLN, number of perseverative errors and categories achieved in the modified version of the WCST, number of
correct responses and total errors in the HSC Part A and B, respectively, and three indices in the SET (raw score, total
profile score, and total number of rule breaks). Because of the a priori hypotheses regarding specific group differences
in specific components of executive function, post-hoc analyses that used univariate tests were conducted to examine
the effect of the age grouping on the individual components. Owing to the small sample size, partial eta square (η2)
and Cohen’s d (Cohen, 1988) were calculated to determine the effect sizes in case of insignificant results.

Regression was then used to find how much of the variance in each component or total score was explained by
age. In a simple regression, age was the only predictor. In the hierarchical regression model, the number of years of
education was entered in the first step, then the gender and age, respectively. If age accounted for a significant increase
in the explained variance after controlling for educational level and gender, the hypothesis that age affects executive
function would be supported.

3. Results

The mean age and education of the participants was 71.83 years (S.D. = 7.05; ranging from 61 to 85) and 10.54
years (S.D. = 3.91; ranging from 0.5 to 18 years), respectively. The mean score of the MMSE was 26.95 (S.D. = 1.9,
ranging from 24 to 30). The demographic description is summarized in Table 1. The two age groups did not differ
significantly in gender, χ2(1, N = 58) = 0.225, p = 0.634, or education, t(56) = 0.558, p = 0.579.

 at Institute of P
sychology, C

A
S

 on D
ecem

ber 23, 2010
acn.oxfordjournals.org

D
ow

nloaded from
 

http://acn.oxfordjournals.org/


H. Lin et al. / Archives of Clinical Neuropsychology 22 (2007) 501–511 505

Table 1
Demographic characteristics and MMSE score by age groups

Variable Younger age (N = 27, 14/13a) Older age (N = 31, 18/13a) Total (N = 58, 27/31a) Difference

M S.D. M S.D. M S.D. t-value p-value

Age 65.48 2.6 77.37 4.52 71.83 7.05 −12.462 <0.001
Education 10.85 3.42 10.27 4.34 10.54 3.91 0.558 0.579
MMSE 27.15 1.92 26.77 1.96 26.95 1.93 0.732 0.467

Note: MMSE = Mini-Mental State Examination.
a Male/female.

3.1. Neurocognitive performances

Results from MANOVA indicated that there was no significant main effect between the age groups (F(10, 47) = 1.068,
p = 0.407, partial η2 = 0.203). The Wilks’ lambda is 0.813, which indicates that the group difference is responsible for
only 21% of total variance.

Next, the post-hoc tests of between-group effects showed significant differences in perseverative errors and categories
in the WCST, and were marginally significant in the raw score of the SET. Table 2 shows the results for each task.

Moreover, there were moderate effect sizes shown in the HSC Part A and the Six Elements Test (total profile score).
This suggests that there is a strong relationship between the age groups and the two tests, that is, the older age group
tended to perform significantly worse than the younger age group in these tests.

3.2. Components of executive functions

Table 3 summarizes the standardized scores of the components of executive function for the two age groups. No main
effect was found between the two age groups (F(6, 51) = 1.652, p = 0.152, partialη2 = 0.163). However, post-hoc tests
showed that there was an age effect on attention allocation and planning (F = 7.728, p = 0.007, partial η2 = 0.121). This
effect still persists after controlling for educational level and gender (F(1, 55) = 7.251, p = 0.009, partial η2 = 0.116).
The older age group tended to perform worse than the younger age group in initiation (F(1, 55) = 3.494, p = 0.067,
partial η2 = 0.059, Cohen’s d = 0.48). However, there were also small to modest effect sizes of aging on the switching
and flexibility (d = 0.34) and online updating components (d = 0.38).

Finally, we added up the standardized scores of each component into one single index and found that there was a
significant difference between the two groups (t(56) = 2.290, p = 0.026), with the younger age group scoring higher
than the older age group.

Table 2
Comparison of executive function performances between the two age groups

Younger old, 60–70 (N = 27) Older old, ≥70 (N = 31) F-value p-value Partial η2 Cohen’s d

Mean (S.D.) Mean (S.D.)

Stroop (interference score) 14.67 (8.61) 13.87 (8.23) 0.131 0.719 0.002 0.09
Word fluence (no. of correct names) 16.96 (4.90) 16.58 (5.10) 0.084 0.773 0.001 0.07
CLN (no. of correct response) 10.70 (4.11) 9.29 (3.21) 2.158 0.147 0.037 0.38
Monotone (no. of correct response) 11.81 (0.62) 11.87 (0.34) 0.188 0.666 0.003 0.12
WCST perseverative error 4.44 (5.03) 7.87 (6.14) 5.300 0.025 0.086 0.60
WCST category 4.33 (1.84) 3.13 (2.05) 5.490 0.023 0.089 0.61
HSC Part A (no. of correct response) 14.63 (0.74) 14.23 (0.88) 3.494 0.067 0.059 0.48
HSC Part B (no. of total errors) 7.22 (4.55) 6.81 (4.92) 0.111 0.741 0.002 0.09
SET (raw score) 5.26 (1.10) 4.58 (1.43) 4.013 0.05 0.067 0.52
SET (no. of total rule break) 0.93 (1.80) 2.00 (4.99) 1.123 0.294 0.020 −0.28
SET (total profile) 3.37 (0.79) 2.90 (1.11) 3.327 0.073 0.056 0.48

Note: CLN = Chinese Letter–Number Span Test; WCST = Modified Card Sorting Task; HSC = Hayling Sentence Completion Test; SET = Modified
Six Element Task.
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Table 3
Comparison of specific executive function performances between the two age groups

Components Younger old, 60–70 (N = 27) Older old, ≥70 (N = 31) F-value p-value Partial η2 Cohen’s d

Mean S.D. Mean S.D.

Initiation 0.26 0.88 −0.22 1.05 3.494 0.067 0.059 0.48
Sustain −0.06 1.27 0.05 0.7 0.188 0.666 0.003 0.11
Switching and flexibility 0.18 0.74 −0.15 0.9 2.296 0.135 0.039 0.34
Disinhibition 0.02 0.49 −0.01 0.68 0.04 0.842 0.001 0.03
Attention allocation and planning 0.28 0.7 −0.24 0.74 7.728 0.007 0.121 0.56
Online updating 0.2 1.11 −0.18 0.87 2.158 0.147 0.037 0.38

Table 4
R2 and changed R2 of age in simple and hierarchical regression within a narrow band of elderly participants

Variable Simple regressiona Hierarchical regressionb

R2 F d.f. p-value �R2 �F d.f. �p

Total 0.051 2.997 1.56 0.089 0.050 3.655 1.54 0.061
Initiation 0.038 2.207 1.56 0.143 0.032 2.071 1.54 0.156
Sustain 0.013 0.74 1.56 0.393 0.016 0.918 1.54 0.342
Switching and flexibility 0.008 0.441 1.56 0.510 0.012 0.933 1.54 0.338
Disinhibition 0.001 0.042 1.56 0.839 0.001 0.047 1.54 0.829
Attention allocation and planning 0.171 11.538 1.56 0.001 0.176 12.551 1.54 0.001
Online updating 0.022 1.282 1.56 0.262 0.023 1.727 1.54 0.194

a Predictor is age.
b Predictor is education, gender and age, entered in step.

3.3. Regression with age, education, and gender

Age accounted for some variance in the components of executive function. The results of regression are summarized
in Table 4. The amount of age-related variance was only statistically significant in the component of attention allocation
and planning, in which age accounted for a 17.1% variance (F(1, 56) = 11.538, p = 0.001), with the older age group
scoring lower in this component. This effect still persisted after controlling for educational level and gender. Age
accounted for an additional 17.6% of the variance (�F(1, 54) = 12.551, p = 0.001). Fig. 1 shows the regression line of
this component.

Fig. 1. Prediction of age within the narrow band of elderly participants by the attention allocation and planning component.
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Table 5
Regression for executive components with education as predictor

Variable R2 F(1, 56) p-value

Total 0.252 18.834 0.001
Initiation 0.119 7.558 0.008
Sustain 0.006 0.352 0.555
Switching and flexibility 0.211 14.980 0.001
Disinhibition 0.009 0.493 0.486
Attention allocation and planning 0.058 3.458 0.068
Online updating 0.236 17.328 0.001

Educational level accounted for a large part of the variance in initiation, switching and flexibility, and updating (see
Table 5). It was also responsible for 25.2% of the variance of the total components score (F(1, 56) = 18.834, p < 0.001).
These results demonstrated that the effect of educational level on executive function was stronger than the effect of
age.

Adding gender as an additional predictor only significantly increased the explained variance in switching and
flexibility (�R2 = 0.080, �F(1, 55) = 6.222, p = 0.016). It was found that men outperformed women in this component.

4. Discussion

This study extends previous studies on age-related executive function decline among healthy elderly people. The
major findings of this study are summarized as follows.

1. There were age-related deficits in the performance in the WCST (perseverative errors and categories completed) and
the SET (raw score) for elderly who were 60–85 years old. The total profile score in the SET and correct responses
in the HSC Part A also implied some age-related decline when the effect size was taken into consideration.

2. In our sample, attention allocation and planning and initiation were found to be the specific components of executive
function that were most affected by the aging process.

3. Age explained a small amount of the variance in executive function, while educational level effected significant
changes in specific components of executive function, including initiation, switching and flexibility, and online
updating. There might also be a gender effect on switching and flexibility.

4.1. Age effect

There was no significant general age effect on executive function in our sample. However, a look at the effect
size showed that there were moderate to modest decrements of performance in the CLN, WCST (perseverative and
category scores), SET (raw score, number of rule breaks, and total profile), and HSC Part A. This suggests that aging
may be associated with a decrement in executive function, at least for those within the age range from 60 to 85 years.
Moreover, when looking into the specific components, the findings showed clear differential decrements in executive
function, which indicates that there might be an aging effect on the attention allocation, and planning component and
initiation component. These findings were consistent with those of previous studies that used similar tests. The attention
allocation and planning component was determined by the WCST and SET. In the WCST, older participants tended to
commit more perseverative errors and achieved fewer categories than their younger counterparts. This confirmed the
prior well-known age effect in favor of younger adults on these scores (Fristoe, Salthouse, & Woodard, 1997; Rhodes,
2004; Rhodes & Kelly, 2005).

In the SET, the raw score reflected the higher level of attention control in regulating the output of performance, while
the number of rule breaks captured the disinhibition of action and attention (Chan et al., 2004a). The results showed
a distinct effect on these two scores, which suggests that there is an age-related deficit in attention allocation but not
in disinhibition. Phillips, Smith, and Gilhooly (2002) used another executive function task, the Tower of London, and
found that older adults showed greater planning impairment than younger adults did in both the positive and negative
mood conditions. Allain et al. (2005) used an ecological planning task, the “Zoo Map Test,” and showed that elderly
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participants demonstrated difficulty in developing logical strategies to complete the task. These findings suggest that
there is quite a robust relation between age and attention allocation and planning.

In addition, small to modest effects were found between the two age groups in the switching and flexibility and the
online updating components – findings which are consistent with those of previous studies that used similar tasks (e.g.,
Amieva, Phillips, & Della, 2003; Wecker, Kramer, Hallam, & Delis, 2005).

For the sustained attention component and the disinhibition component, neither the p-values nor the effect sizes
showed an age effect. The Monotone Counting Test was the only task that was used to assess sustained attention,
which plays an important role in daily activities. However, this test was found to be irrelevant to age in this study. One
possibility is that the test was too easy for our present sample; only seven participants missed one or two trials. By using
a more rigorous criterion, the Monotone Counting Test may not actually capture higher level executive functioning,
though some studies have shown a significant relationship between this task and other executive attention tasks (e.g.,
Chan et al., 2004a, 2004b; Chan, Chen, Cheung, et al., 2006; Chan, Chen, & Law, 2006; Robertson et al., 1997). Several
studies found an aging effect on the test by using vigilance tasks (reviewed in Giambra, 1997), which may be more
difficult than the Monotone Counting tasks. Berardi, Parasuraman, and Haxby (2001) adopted a digit-discrimination
task and found no age-related difference in sustained attention capacity either. It is suggested that sustained attention
depends on the characteristics of the task and on intrinsic and extrinsic motivational factors.

The disinhibition component comprised the rule-breaking behavior of the SET and HSC Part A, and the interference
effect observed in the Stroop Test. In many studies, researchers have claimed that older participants were much slower or
made more errors in incongruent conditions than did younger ones in performing the Stroop Test, which was due to the
relative impairment in concentration and ability to ignore distraction (Libon et al., 1994; Wecker et al., 2000). Recently,
however, a study among healthy older adults aged over 65 years showed that an age effect on Stroop interference for
the picture–word test, but not for the color–word test (Graf & Uttl, 1995). With regard to the HSC, Bielak et al. (2005)
found that the impact of age was greater in the second than in the first section of the HSC, which was contrary to our
findings. These differences in empirical data could result from cultural influences. In this study, our participants had
difficulties in understanding the “irrelevant” answers. Moreover, our participants needed much urging to respond, at
the expense of more errors in this test.

4.2. Education and gender effect

Age-related selective decline in executive function supported the fractionation of executive function in healthy
elderly, but age itself was not responsible for most executive changes in our sample. Educational level played an
important role in the changes in executive function, particularly in initiation, switching and flexibility, and updating,
tests for which semantic abilities were required and age showed little relevance. The semantic knowledge that was
required was mainly acquired through formal education, thus the educational level of a participant directly affected the
individual’s performance, a finding which supports the findings of others (Chan et al., 2003; Xu, Sun, & Wu, 1989).
Specifically, several studies have demonstrated that executive functions were mediated by educational level (Plumet
et al., 2005). It seems that elderly people with a low level of education are more likely to suffer executive function
decline, and that those with a high level of education are less likely to experience cognitive aging.

Gender-related variance only existed in the switching and flexibility component. de Luca et al. (2003) found that
males outperformed females in executive function over a lifespan. In fact, the question of gender differences in executive
function is still in debate and warrants further study (Tisserand & Jolles, 2003). The gender difference may derive from
biological characteristics, different lifestyles, and daily activities.

The effect of educational level and gender suggested that individual factors determine executive decline. Factors
that cause variability in individual differences may include education, emotion, memory, and genetic characteristics
(Christensen, 2001). Moreover, there may be some factors that contribute to “successful aging” and prevent cognitive
decline (Tisserand & Jolles, 2003). Therefore, it is reasonable to find only a few decrements in executive function,
because many of our participants may not yet have suffered decline.

4.3. Limitations

Our findings are subject to the limitations shared by cross-sectional studies, particularly in terms of potential cohort
effects. Moreover, we only recruited a relatively small sample in this study, thereby limiting the power of analysis.
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Thus, we do not know if the negative findings of aging effect might persist if we recruited a larger sample. Nevertheless,
the effect size, which is relatively less dependent on the sample size, may provide partial support for our results. The
participants whom we recruited in this study were limited to healthy elderly people. We did not include healthy young
adults as the comparison group to examine the “true” aging effect, if any, across the lifespan continuum. Besides, the
executive function deficits may occur outside the sample age range, so we would not be able to detect age-related
decline. Some lifespan studies have reported a decline in subjects as young as 50 years of age (de Luca et al., 2003),
whereas other studies have suggested that such a decline does not occur until people are in their early 70s (Mack et
al., 2005). Therefore, our sample has not included an age range that is wide enough to detect this cognitive decline.
Furthermore, our sample comprised a relatively large portion of highly educated elderly. These elderly may be involved
in a wide range of daily activities that demand cognitive engagement. In so doing, their brains may be more resistant
to degeneration.

In our study, the components were derived from the classification of Chan et al. (2004a); Chan, Chen, Cheung,
et al. (2006); and Chan, Chen, and Law (2006), but the tests were not exactly the same as those in the original set,
with some tests not being included owing to the relatively low endurance of the elderly. We did not adopt a more
rigorous approach to defining the components in this study. For example, the Stroop Test assesses reading, naming, and
inhibition. In order to obtain more isolated measures of disinhibition, contrast scores need to be developed that parse
out performance on the baseline tasks from that of the higher level tasks. However, because of the time constraints in
testing the participants, we did not implement the baseline tasks of the Stroop Test, only the interference condition.
The word fluency tests and Wisconsin Card Sorting Test may also be insufficient in testing the component of switching
and flexibility. Moreover, the number of tests for each component was not equal, with some components including
only one test, so the results may be biased to some extent. The sensitivity of these tests is also a problem. Therefore,
the findings of selective decline of executive function need further validation.

Moreover, we did not control other cognitive abilities that could mediate between age and executive function. A
number of studies have taken perceptual speed into account, because it may be a more primitive ability that is affected
by age (Crawford et al., 2000; Fristoe et al., 1997; Salthouse et al., 2003). Therefore, future studies should include
tasks that test perceptual speed.
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