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This study demonstrated effects of age, education, and sex on complex reaction time in a large national
sample (N � 3,616) with a wide range in age (32–85) and education. Participants completed speeded
auditory tasks (from the MIDUS [Midlife in the U.S.] Stop and Go Switch Task) by telephone.
Complexity ranged from a simple repeated task to an alternating task that involved central executive
processes including attention switching and inhibitory control. Increased complexity was associated with
slower responses in older adults, those with lower education, and women, even after controlling for
differences in health status. Higher levels of education were associated with greater central executive
efficiency across adulthood: Overall, adults with college degrees performed on complex tasks like less
educated individuals who were 10 years younger, up to age 75. These findings suggest that advanced
education can moderate age differences on complex speeded tasks that require central executive
processes, at least up to the point in old age at which biological declines predominate. The approach
demonstrates the utility of combining laboratory paradigms with survey methods to enable the study of
larger, more diverse and representative samples across the lifespan.
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Among the mental abilities that show age differences across the
lifespan, processing speed and central executive function are es-
pecially critical in everyday functioning. In recent years there has
been a surge of interest in investigating these abilities by examin-
ing response latencies on both a reaction time (RT) test in which
one task is repeated and an alternating test that involves switching
between two tasks (following Rogers & Monsell, 1995). The more
complex task-switching condition is presumed to involve impor-
tant control functions (Baddeley, 2002; Miyake et al., 2000) that
have shown age-related changes across the lifespan (Cepeda,
Kramer, & Gonsalez de Sather, 2001; Reimers & Maylor, 2005),
with significant declines in later adulthood (e.g., Kray & Linden-
berger, 2000). Neuroimaging work has associated attentional con-
trol of task switching with function of the superior parietal cortex
(Shomstein & Yantis, 2004), and older adults show more extensive
frontal lobe activation than young adults during such tasks (e.g.,

DiGirolamo et al., 2001) as well as different patterns of event-
related potentials (Goffaux, Phillips, Sinai, & Pushkar, 2008; Kray,
Eppinger, & Mecklinger, 2005; West & Schwarb, 2006).

A question that remains unanswered is the extent to which these
abilities may vary by factors such as formal education and sex, and
how these effects vary across the adult lifespan. This is, of course,
part of the larger question of which abilities are selectively main-
tained or negatively affected by aging, and what experiences can
help maintain them—a question of theoretical importance as well
as major practical significance to the increasingly large cohorts of
aging adults. However, findings from previous laboratory studies
in RT and task switching are often limited in the range of both age
and education of the participants, who typically consist of college
students and well-educated older adults (see Lachman, 2004).

Greater diversity of participants in terms of education as well as
age is important in determining the generality of these previous
findings, and it is here that innovations in testing methods, such as
the use of the telephone in this research, can make a contribution.
Higher levels of education have been associated with a reduced
risk of dementia (Evans et al., 1993; Jones et al., 2006), as well as
better performance on various tests of cognition (Cagney & Lau-
derdale, 2002; Lee, Kawachi, Berkman, & Grodstein, 2003; Lyket-
sos, Chen, & Anthony, 1999), including tests of executive function
(Wecker, Kramer, Hallam, & Delis, 2005) and set shifting (van
Hooren et al., 2007). Although education effects have been dem-
onstrated for simple and choice RT (Deary, Der, & Ford, 2001),
little is known about education differences in task-switching abil-
ity, in part because lab samples typically are homogeneous and
highly educated. Recently, Reimers and Maylor (2005) carried out
a large Internet study of task switching that demonstrated age-
related slowing of responses consistent with previous laboratory
studies, although the self-selected group comprised mainly
younger and middle-aged adults aged 18 –55. There was no
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evidence for education effects in this age range, perhaps because of
restricted range in educational level.

Cross-sectional studies have shown higher levels of education to
be associated with successful cognitive aging in later life (Albert et
al., 1995; Cagney & Lauderdale, 2002; Hultsch, Hertzog, Small, &
Dixon, 1999; Lindenberger & Baltes, 1997), as well as with lower
risk of dementia (Jones et al., 2006). Also, longitudinal studies
have shown that higher education may moderate the effects of
aging on cognitive performance (see Anstey & Christensen, 2000,
for a review; Lee et al., 2003; Lyketsos et al., 1999). One account
for these benefits is a build-up of cognitive reserve producing
greater efficiency of brain networks (Stern et al., 2005). The
compensation hypothesis suggests that education and/or intellec-
tual challenge may slow the rate of cognitive decline up to the
point when basic abilities begin to deteriorate in old age, at which
point individuals with higher education may show a sharper de-
cline (Alley, Suthers, & Crimmins, 2007; Christensen et al., 1997;
Hultsch et al., 1999). Alternatively, education may benefit cogni-
tive aging through its association with higher income and cumu-
lative advantage (Brim, Ryff, & Kessler, 2004), including greater
access to resources and better health care (Alwin & Wray, 2005),
or through selective effects in which higher functioning individu-
als go on to higher education (e.g., Salthouse, 2006). The current
study is unique in including a sufficiently wide range of adult age
and educational backgrounds to allow a meaningful investigation
of education effects on complex RT and task switching across the
adult lifespan, while controlling for effects of health status.

Our findings also extend previous work by contributing new
information about sex differences in task-switching performance.
Sex differences have been shown to vary across cognitive domains
(Gerstorf, Herlitz, & Smith, 2006), with some evidence for sex
differences in brain activity during cognitive tasks (Bell, Willson,
Wilman, Dave, & Silverstone, 2006). However, the effect of sex is
not well understood for central executive processes (McEwen,
2000; Wecker et al., 2005), inhibitory control (MacLeod, 1991), or
processing speed (Deary & Der, 2005). Although some studies
have reported a small male advantage in speed for simple and/or
choice RTs (Deary & Der, 2005; Der & Deary, 2006; Fozard,
Vercruysse, Reynolds, Hancock, & Quiller, 1994), others have not
found this effect (Meinz & Salthouse, 1998). Few task-switching
studies have assessed sex, but there is some evidence for a male
advantage (Reimers & Maylor, 2005), as well as sex-specific
patterns of cortical activation and neural efficiency in task switch-
ing (Grabner, Fink, Stipacek, Neuper, & Neubauer, 2004).

Finally, we also examined general and specific costs of task
switching. The general cost of switching attention has been mea-
sured by the increase in response latency from a single task
performed alone to a mixed-task switching condition in which one
must alternate between two tasks (e.g., Kray & Lindenberger,
2000; Rogers & Monsell, 1995). There is considerable evidence for
larger switch costs in older adults than in younger adults (e.g., Kray,
Li, & Lindenberger, 2002; Verhaeghen & Cerella, 2002), and some
evidence for differences in midlife (e.g., Cepeda et al., 2001; Kray &
Lindenberger, 2000; Reimers & Maylor, 2005), although middle age
is not typically included in research designs (see Lachman, 2004).
Because general switch costs include differences in memory load
and arousal, some have focused on specific switch costs in the
mixed-task blocks, or the difference between switch trials that
require a task alternation and nonswitch trials in which the task is

repeated. Reports of age differences in specific switch costs de-
pend on the methodology used, with some studies reporting an
age-related increase in switch cost (e.g., Kray & Eppinger, 2006;
Kray et al., 2005, 2002; Meiran, Gotler, & Perlman 2001; Van
Asselen & Ridderinkhof, 2000), and others reporting finding min-
imal evidence for age differences in specific switch cost (e.g., Kray
& Lindenberger, 2000; Mayr, 2001; Verhaeghen & Cerella, 2002).
In this study we examined task switching across adulthood through
old age, with a focus on effects of age, sex, and education.

Our design demonstrates how existing RT studies can be ex-
tended to larger, more diverse samples of respondents using the
telephone—a form of technology that is even more readily avail-
able than the computer. We carried out such testing by telephone
in a large national sample of adults ranging in age from 32 to 85,
from a wide range of socioeconomic and educational backgrounds.
The test included components that ranged in difficulty from a basic
choice RT task to a complex task involving switching, which
placed heavier demands on central executive functions. Also, an
incongruent condition required inhibitory control, a function that
often shows age-related changes (Hasher & Zacks, 1988).

We predicted that response latencies on these tasks would
increase as a function of increased age and even after controlling
for health status, higher levels of education should be associated
with better RT performance, especially with increased task com-
plexity. Although some authors have argued that education pri-
marily benefits crystallized rather than fluid abilities (e.g., Alley et
al., 2007; Christensen et al., 1997), other work suggests that
education affects central executive function (van Hooren et al.,
2007), and therefore effects of education should be greater with
increased task complexity. If the advantage of high-ability older
adults shown in other domains (e.g., Hultsch et al., 1999) extends
to executive function, we hypothesized that higher education
would be associated with smaller age differences in performance,
at least up until the point in old age when biological age-related
deterioration may prevail (Baltes, 1997). An additional question of
interest was whether sex differences would be seen for these tasks,
and whether we would find higher order interactions among age,
sex, and education.

Method

Participants

Data were collected by telephone from a random digit dial
probability sample of participants in the second wave of the
National Survey of Midlife Development in the U.S. (MIDUS II).
A national sample of households in the 48 contiguous states with
at least one telephone was selected initially in 1995–1996 using
random digit dialing (see Brim et al., 2004). The 1995 sample of
7,120 noninstitutionalized adults was stratified in advance to
achieve equal sex distribution and an age distribution with the
greatest number between 40 and 60. Approximately 10 years later,
70% of the original sample was recontacted and given a cognitive
battery by telephone. Nonparticipants at Time 2 were slightly
younger than those who did participate (M � 45.38 vs. 47.10,
respectively), t(7039) � 5.45, p � .001, were lower in education
(M � 13.19 vs. 14.09, respectively), t(7085) � 13.68, p � .001,
and were more likely to be men (51.9% vs. 45.8% male, respec-
tively), �2(1) � 25.25, p � .001. Nonparticipants also had lower
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self-rated health (responding to the question “In general, would
you say your physical health is excellent, very good, good, fair, or
poor?” with 1 � poor to 5 � excellent; M � 3.40 vs. 3.62,
respectively), t(7087) � 9.48, p � .001.

The Stop and Go Switch Task was administered as one compo-
nent of a larger cognitive battery of tests, the Brief Test of Adult
Cognition by Telephone (Lachman & Tun, 2008; Tun & Lachman,
2006). Of the 4,428 original cases, data from 183 were lost due to
technical problems, experimenter error, or failure to carry out the
task as instructed. We also screened 52 who did not speak English
on a regular basis; 336 who self-reported a history of stroke,
Parkinson’s disease, or other neurological conditions; and 241 who
did not meet the accuracy criteria described below (see Response
Accuracy). The 3,616 respondents in the final sample ranged from
32 to 85 years with a mean age of 55.06 years (SD � 12.06). Data
are grouped into five age groups: G1 (32–44, n � 806); G2
(45–54, n � 1,019); G3 (55–64, n � 939); G4 (65–74, n � 589);
G5 (75–85, n � 263). Women composed 53.7% of the sample.
There were 40.5% with a 4-year college degree or higher, and the
average self-rated health on a 5-point scale was 3.67 (SD � 0.96).
Because the sample included 369 twins and 549 siblings of the
primary respondent, we also conducted analyses with only one
member per family; the pattern of estimates and the significance of
these did not differ, showing that our findings were not due to lack
of independence; thus, we present results with the full sample.

Analysis of variance with age group (5: 32–44, 45–54, 55–64,
65–74, 75–85) showed group differences in education level, F(4,
3611) � 16.54, p � .001; the three younger groups averaged more
years of education than the two oldest groups, which did not differ
from each other (G1 � 14.70, SD � 2.54; G2 � 14.61, SD � 2.68;
G3 � 14.44, SD � 2.72; G4 � 13.93, SD � 2.75; G5 � 13.49,
SD � 2.69). Preliminary analyses showed similar patterns of
performance for participants with high school education or less
and those with some college; therefore, in the following analyses
we split education into high education, defined as a 4-year college
degree or higher, and low education, defined as less than a college
degree. The percentage of women in each group was as follows:
G1 � 56.5%, G2 � 51.2%, G3 � 51.5%, G4 � 57.9%, and G5 �
52.9%, �2(4) � 10.96, p � .05, for group differences.

Measures and Procedure

The assessment included a brief hearing check (in which par-
ticipants listened to a series of numbers spoken and were asked to
repeat each number aloud to demonstrate that they heard it) fol-
lowed by 2 single-task blocks and a mixed-task block that required
alternating between two tasks. Participants carried out 2 single-
task blocks of 20 trials each, first following a congruent response
rule (“say stop to red and go to green”), then an incongruent
response rule (“say go to red and stop to green”). The mixed-task
block included 14 practice trials with 5 switch trials that required
alternating between the congruent and incongruent response rules
each time a cue to switch was given (the word normal or the word
reverse cued which response rule was required), followed by 29
test trials (6 switch, 23 nonswitch). In order to maximize sensitiv-
ity to age effects, we used an unpredictable task sequence (Van
Asselen & Ridderinkhof, 2000), with cues given only on switch
trials at random intervals of 2–6 trials (e.g., Baddeley, 2002;
Salthouse, Fristoe, McGuthry, & Hambrick, 1998). Thus, the

switch trials placed especially heavy loads on control functions
because they required processing the cue as well as switching the
task (e.g., Mayr, 2001). Although this task is relatively brief, pilot
work showed good correlations with performance on a longer
version of the task, and no significant differences between perfor-
mance on the first, second, and third sections of the trial sequence,
consistent with previous findings for longer trial sequences (Salt-
house et al., 1998).

Testing was administered by telephone by live interviewers at a
large university survey center. Computers controlled stimulus tim-
ing and recorded sound files for later scoring of latencies. In order
to minimize lags in transmission, we avoided the use of cell phones
and conducted interviews on landline phones. Reliability testing dur-
ing development of the test showed satisfactory correlations between
telephone and face-to-face testing (r[24] � .65, for single-task blocks,
r[24] � .62 for mixed-task blocks), consistent with previous tele-
phone studies (Herzog & Wallace, 1997). Test–retest reliability after
a 6-month interval was r(35) � .66, for the single-task condition, and
r(35) � .77, for the mixed-task condition.

Results

Response Accuracy

In order to assess response latencies and ensure that participants
were performing the task as directed, we required a criterion of at
least 75% accuracy in each task condition. We excluded 241
participants who did not perform at that level or were outliers in
latency (�2 s on single task or �4 s on mixed task), resulting in
a sample of 3,616 respondents used in the following latency
analyses. Participants who did not meet these accuracy criteria
were slightly older than those who did (61.28 vs. 55.64 years,
respectively), t(3384) � 7.14, p � .01, and had lower levels of
education (13.08 vs. 14.40 years, respectively), t(3384) � �6.70,
p � .001. Accuracy rates were quite high, averaging .99 correct for
single-task trials (SD � .02) and .98 for mixed-task trials (SD �
.04), and greater than 94% across all age-groups in all conditions.
There was no evidence of a speed–accuracy tradeoff, as faster
responses were associated with greater accuracy, even after con-
trolling for age.

Latency Analyses

Median latency for correct responses was calculated for each par-
ticipant in each condition. Due to concern that general age-related
slowing may produce spurious interactions between age groups and
experimental conditions (Faust, Balota, Speiler, & Ferraro, 1999;
Ratcliff, 1993), we conducted all analyses using log-transformed RTs
(e.g., Kray & Lindenberger, 2000; Mayr, 2001). These analyses
yielded similar effects unless otherwise noted.

We first performed repeated measures analysis of covariance on
raw latency scores, with age (5 groups), education level (2: no college
degree, college graduate), and sex (2: male, female) as between-
subject variables, and self-rated health as a covariate. Within-subject
factors were task type (3: single task, nonswitch mixed task, switch
mixed task) and response type (2: congruent, incongruent). Post hoc
tests used the Bonferroni method. Overall better performance was
associated with better health, F(1, 3595) � 35.38, p � .001, �p

2 �
.010, and higher levels of education, F(1, 3595) � 27.49, p � .001,
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�p
2 � .008, as well as younger age, F(4, 3595) � 83.68, p � .001,

�p
2 � .085, and male sex, F(1, 3595) � 15.40, p � .001, �p

2 � .004.
Table 1 shows RTs for those with low and high education, and for
men and women. The significant interaction between age group
and sex, F(4, 3595) � 2.98, p � .05, �p

2 � .003, suggested that the
effects of sex vary across the lifespan: Bonferroni comparisons
showed that men were faster than women in the 45–54, 55–64, and
75–85 age groups.

As expected, latencies were longer as the task progressed in
difficulty from the simplest single-task to mixed-task nonswitch
trials to switch trials (task type effect, F[2, 7190] � 350.60, p �
.001, �p

2 � .089. Figure 1 shows mean latencies for five age groups
on the six experimental conditions, ranging in task complexity
from single-task to mixed-task nonswitch trials to switch trials,
with congruent and incongruent response rules in each task type.
Interactions showed that the effect of task complexity was increased
by older age (Task Type � Age, F[8, 7190] � 22.91, p � .001, �p

2 �
.025, and female sex (Task Type � Sex, F[2, 7190] � 34.99, p �
.001, �p

2 � .010). The difference between low and high education
levels was significant at each level of task complexity, but the effects
of education were larger as the task became more complex (Task
Type � Education, F[2, 7190] � 8.94, p � .001, �p

2 � .002).
Differences between education groups were 24 ms for the single tasks,
33 ms for the nonswitch trials, and 60 ms for the switch trials.

Also as expected, RTs were longer on incongruent trials than on
congruent trials, F(1, 3595) � 147.50, p � .001, �p

2 � .039. The
effect of congruency was larger with increased age for raw laten-
cies (Congruency � Age, F[4, 3595] � 5.02, p � .001, �p

2 � .006,
but not for log-transformed scores, F[4, 3595] � 1.84). Women
showed larger effects of congruency than men (Congruency �
Sex, F[1, 3595] � 9.66, p � .01, �p

2 � .003). Congruency effects
were greater with lower education (Congruency � Education, F[1,
3595] � 5.83, p � .02, �p

2 � .002), especially for older adults
(Congruency � Age � Education, F[4, 3595] � 2.88, p � .05, �p

2 �
.003). However, these interactions did not reach significance for
log-transformed scores (Congruency � Education, F[1, 3595] �
3.29, p � .07; Congruency � Education � Age, F[4, 3595] � 2.07,
p � .08), suggesting that education and age effects were similar across
congruency conditions, when general slowing is considered.

Figure 2 shows latencies for congruent trials (on the left) and
incongruent trials (on the right); the benefits of higher education
are evident, as those with college degrees were significantly faster

than those with lower education up to age 75–85. As the figure
shows, for all age groups except the oldest, the difference in RT
between low and high education within an age group was roughly
equivalent to a decade of age difference.

Figure 1. Mean latencies (in seconds) for five age groups on single-task,
nonswitch, and switch trials (congruent and incongruent). Error bars rep-
resent standard errors of the mean.

Table 1
Latencies for Single-Task, Nonswitch, and Switch Trials (Congruent and Incongruent) by Education Level (No College Degree,
College Graduate) and Sex (Men, Women)

Variable

Single task Nonswitch mixed task Switch mixed task

Congruent Incongruent Congruent Incongruent Congruent Incongruent

M SE M SE M SE M SE M SE M SE

Education
Low .85 .003 .97 .004 .96 .004 1.04 .005 1.16 .008 1.34 .009
High .84 .004 .94 .006 .93 .006 1.00 .007 1.11 .010 1.28 .013

Sex
Men .84 .004 .96 .005 .94 .005 1.01 .006 1.11 .009 1.26 .011
Women .85 .004 .96 .006 .95 .005 1.03 .006 1.16 .009 1.35 .011

Note. Values shown are marginal means and standard error in seconds, adjusted for covariate self-rated health.
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A striking picture emerges when we compare participants with
college degrees to those with lower education at different ages;
these comparisons are depicted in the horizontal bars in Figure 2.
Overall, we found that participants with college degrees performed
at the same level as those with lower education levels who were 10
years younger, suggesting that higher education was associated
with delayed aging effects. Planned comparisons showed that the
high education group at age 45–54 did not differ significantly in
RT from that of the lower education group at age 32–44. At age
55–64 the high education group resembled the low education
group at age 45–54, at 65–74 the high education group resembled
the low education group at age 55–64, and at 75–85 the high
education group resembled the low education group at age 65–74
for the incongruent but not the simpler congruent trials. Thus,
these findings suggest that the effects of education were associated
with delayed age-related slowing from middle age through older
adulthood, on tasks that involved central executive processes.

Finally, we found significant interactions between task and
congruence: effects of task complexity were greater on incongru-
ent trials (Task Type � Congruency, F[2, 7190] � 7.27, p � .001,
�p

2 � .002), particularly for older adults (Task Type � Congru-
ency � Age, F[8, 7190] � 7.27, p � .001, �p

2 � .008); thus, older
adults’ difficulty with the more complex conditions was not simply a
consequence of generalized slowing. Analysis of raw scores sug-
gested that women were slowed more than men on the more difficult
conditions (Task Type � Congruency � Sex, F[2, 7190] � 5.30, p �
.01, �p

2 � .001), although this interaction was not significant with
log-transformed scores, F(1, 3593) � 3.18. No other interactions were
significant.

Specific Switch Costs

Specific switch costs were defined as latencies for switch trials
relative to nonswitch trials in the mixed task. An analysis of

covariance of raw scores including age group (5: 32–44, 45–54,
55–64, 65–74, 75–85), education (2: no college degree, college
graduate), and sex (2: men, women), with self-rated health (2: low,
high) as a covariate, showed significant effects of age group, F(4,
3595) � 27.67, p � .001, �p

2 � .030, education, F(1, 3595) �
9.25, p � .01, �p

2 � .003 (for log transforms, F[1, 3595] � 3.558,
p � .059), and sex, F(1, 3595) � 29.99, p � .001, �p

2 � .008, with
no significant interactions. Specific switch costs were larger with
increased age, lower education, and for women compared to men.
The sex differences were relatively small in size but are consistent
with the literature; for example, our overall differences of about 48
ms between men and women are consistent with previous findings
(Der & Deary, 2006; Reimers & Maylor, 2005). The finding of age
differences with log-transformed scores indicates that age differ-
ences were not merely an artifact of general age-related slowing.

General Switch Costs

General switch costs, defined as latency differences between
single-task and mixed-task blocks, may be taken to reflect pro-
cesses involved in updating internal control settings, or setting up
and maintaining a clear course of action with competing mental
sets (e.g., Mayr, 2001). The method of calculating general switch
costs has varied across studies; in this study, age differences in
these costs depend on the method used.

One method compares single-task latencies with all trials from
the mixed task, including both switch and nonswitch trials (e.g.,
Kray & Lindenberger, 2000). Analyses using this method showed
a significant age effect for raw scores, F(4, 3595) � 10.60, p �
.001, �p

2 � .012, but not log-transformed scores, F(4, 3595) �
1.16, ns. There were significant effects of sex, F(1, 3595) � 35.91,
p � .001, �p

2 � .010, education, F(1, 3595) � 8.51, p � .01, �p
2 �

.002 (for log transforms, F[1, 3595] � 4.24, p � .05), and
self-rated health, F(1, 3595) � 12.04, p � .001, �p

2 � .003. Costs

Figure 2. Mean latencies (in seconds) for high and low education levels in five age groups, on congruent trials
(left panel) and incongruent trials (right panel). Error bars represent standard errors of the mean. Horizontal
arrows show similar performance by high and low education groups at different ages.
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were larger for women than for men and for lower compared to
higher education. No interactions were significant.

A second method of calculating general switch costs compares
single-task trials with nonswitch trials from the mixed-task block
(e.g., Mayr, 2001). Using this method, we found significant effects
of sex, F(1, 3595) � 7.15, p � .01, �p

2 � .002, and health, F(1,
3595) � 11.27, p � .01, but not for age, F(4, 3595) � 1.0, or
education, F(1, 3995) � 1.0. The age effect was significant with
log-transformed RTs, F(4, 3595) � 3.17, p � .02; comparisons
showed a larger cost for the 32–54 groups compared to the 65–84
groups in the congruent condition ( p � .05), but no significant
group differences in the incongruent condition. Apparently, in the
congruent single-task condition the younger adults responded in a
more rapid, automatic way, while older adults may have needed to
continually retrieve task-set algorithms (DiGirolamo et al., 2001;
Goffaux et al., 2008). Thus, the young showed proportionally more
slowing than the older groups when they needed to update internal
control settings on the mixed-task block.

In summary, age differences in general switch costs varied with
the use of raw or log-transformed scores, suggesting that these age
effects were less reliable than differences in specific switch cost
and depended somewhat on differences in baseline speed.

Discussion

Our findings from the Stop and Go Switch Task are the first to
demonstrate effects of adult age, sex, and education level on
complex RT tasks tested by telephone in a large population-based
sample of adults. Consistent with previous testing using in-person
visual methods in both laboratory-based research (e.g., Cepeda et
al., 2001; Fozard et al., 1994) and larger field studies (Der &
Deary, 2006), we demonstrated cross-sectional age-related slow-
ing across adulthood in choice RT on this auditory task using novel
technology. In addition, age differences increased with task com-
plexity involving central executive functions such as switching,
although age differences for tasks involving inhibitory control
were not significant after controlling for general slowing. These
findings using telephone assessment (Lachman & Tun, 2008) are
generally consistent with previous studies that have examined
adult age differences in complex speeded tasks (Cepeda et al.,
2001; Reimers & Maylor, 2005) and executive function (Plumet,
Gil, & Gaonac’h, 2005).

Age differences were also seen in older adults’ larger specific
switch costs in the mixed task, showing that even after controlling
for general slowing, old age was associated with longer latencies
on switch trials as compared to nonswitch trials. Age differences in
general switch costs were less consistent and appear to have been
driven largely by general slowing. The pattern of switch costs
shown in a test typically depends on methodological variables, and
in the current study the use of oral responses, unpredictable task
sequences, overlapping task representations, and an incongruent
response mode likely contributed to our findings of significant age
differences for specific switch costs. Age differences between
younger and older adults in specific switch costs have been
reported in previous studies that used overlapping task-set repre-
sentations (Kray & Eppinger, 2006) and unpredictable task se-
quences (e.g., Kray et al., 2002; Mayr, 2001; Van Asselen &
Ridderinkhof, 2000), while studies that have used predictable
sequences have typically shown minimal age differences for spe-

cific switch costs and larger general costs (Kray & Lindenberger,
2000).

Importantly, in addition to our findings for age differences, this
work extends previous work by demonstrating the relationship of
formal education with performance across the adult lifespan on
speeded tasks that vary in complexity. This represents the first
population-based study, to our knowledge, to examine education
effects on such tasks after controlling for health status. This is a
necessary control, as education may be associated with cumulative
advantage in terms of income, health care, and health behaviors
(e.g., Alwin & Wray, 2005; Cagney & Lauderdale, 2002), which
may in turn affect cognitive performance; indeed, our data con-
firmed that better self-reported health status was associated with
better performance on these tasks.

Nevertheless, even after controlling for health status, we dem-
onstrated that higher education (a college degree) was associated
with significantly faster response latencies, especially on complex
conditions that involved central executive function. Education
effects increased with task complexity from the simplest two-
choice test to nonswitch trials and then to switch trials in the
mixed-task block. This range of conditions was designed to max-
imize involvement of executive control function in terms of task
switching as well as cue processing, rather than to distinguish
task-switching ability from other central executive abilities, as has
been the focus of some studies (e.g., Mayr, 2001). This demon-
stration of education effects on a task involving executive function
extends previous findings for tasks involving crystallized abilities
such as language (Anstey & Christensen, 2000; Alley et al., 2007;
Christensen et al., 1997).

The benefits of education were evident in faster speed across
adulthood, as performance by individuals with college degrees was
similar to those 10 years younger, who had lower levels of edu-
cation. These striking results suggest that on speeded tasks requir-
ing central executive involvement, higher education may be asso-
ciated with the equivalent of being 10 years younger in terms of
performance. Nevertheless, our findings suggest that educational
advantages can moderate the effects of aging only up until a
certain point: We found no significant benefit of higher education
in the oldest group aged 75–85. Education may compensate for
age differences in health and cognitive processes up to a point in
the aging process, at which point deterioration of basic processes
may predominate (Hultsch et al., 1999). Mortality selection and
health-related changes may also be a factor here, as well as cohort
differences due to the lesser educational opportunities available to
older participants, which may restrict the range in those groups.
Similarly, Baltes (1997) has referred to the lessened compensatory
impact of cultural experience in very old age as “the incomplete
architecture of human ontogeny” (p. 366). Some longitudinal
studies of older adults have found that higher education afforded
an advantage but did not delay declines in psychomotor speed
(Christensen et al., 2001) or general cognitive performance
(Singer, Verhaeghen, Ghisletta, Lindenberger, & Baltes, 2003).
However, a review by Anstey and Christensen (2000) found a
generally positive effect of education on cognitive aging, and there
is evidence for a lower risk of dementia with higher education
(Jones et al., 2006).

The inconsistency in reports of education effects on cognitive
performance is due at least in part to differences in tests and
sample characteristics. Our findings are consistent with previous
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reports of education effects on choice RT (Deary et al., 2001) and
simple speeded tests (Bosma, van Boxtel, Ponds, Houx, & Jolles,
2003; Fritsch et al., 2007; Ylikowski et al.,1998). Also, a recent
population-based study of older adults (van Hooren et al., 2007)
found effects of education on a set-shifting task, although a
younger self-selected sample did not show effects of education on
task switching (Reimers & Maylor, 2005), and Ylikowski et al.
(1998) reported no education effects on a Stroop switching task.
Nevertheless, our findings are consistent with reported effects of
education on other tests of executive function (Wecker et al.,
2005), suggesting that education may be associated with a general
benefit in organizing and scheduling complex responses (Plumet et
al., 2005; Wecker et al., 2005). Greater mental agility and flexi-
bility may be associated with experience with cognitively chal-
lenging tasks (Bosma et al., 2003; Schooler & Mulatu, 2001).
Switching processes may be modifiable by educational experience,
perhaps due to greater cognitive reserve or processing efficiency
(Stern et al., 2005). Or, education may afford selective protection
to different aspects of executive function, such that some processes
benefit while other processes may be relatively less modifiable.

These findings are important because they help tease out the
locus of the benefits of formal education, separating the cognitive
experiential effects from confounding factors such as cumulative
advantage related to better health status. It may be that education
is associated with better performance on cognitive tasks due to
selective effects, in which brighter, fitter individuals seek out
higher levels of education. Nevertheless, there is substantial evi-
dence for the plasticity of the brain throughout life (e.g., Emsley,
Mitchell, Kempermann, & Macklis, 2005), including neural ben-
efits of enriched experience in critical areas such as frontal lobes,
which have been implicated in complex switching tests such as
those studied here (DiGirolamo et al., 2001). Our data demonstrate
that in individuals of similar health status, those with higher levels
of education respond faster on speeded tests, especially tasks that
involve executive functions such as switching. These findings
extend the evidence for the advantage of higher education (e.g.,
Albert et al., 1995; Anstey & Christensen, 2000; van Hooren et al.,
2007). However, within the limitations of this cross-sectional
design, we found no evidence that education reduced age differ-
ences in late adulthood after age 75.

Although the effect of sex on choice RT has not been clearly
established, our findings are consistent with previous reports of a
male advantage (Deary & Der, 2005; Der & Deary, 2006; Fozard
et al., 1994; but see also Reimers & Maylor, 2006). Few task-
switching studies have assessed sex, but there is some evidence for a
male advantage in switching times (Reimers & Maylor, 2005) as well
as sex-specific patterns of cortical activation and neural efficiency in
task switching (Bell et al., 2006; Grabner et al., 2004). Many sources
of structural, developmental, and environmental sex differences in
performance have been proposed (McEwen, 2000), including hor-
monal effects associated with the neuromodulatory effect of do-
pamine on executive function (Mozley, Gur, Mozley, & Gur,
2001), and sex-specific differences in stress effects on critical
brain regions (Letenneur et al., 2000). The finding that the largest
sex differences appeared in our oldest group might suggest that the
men who survived to that age represented a select, fitter group (Perls,
1995); however, the sex difference remained after controlling for
health status. These effects will require further investigation.

Novel testing methods such as the telephone afford an oppor-
tunity for convenient testing of large numbers of individuals,
although one limitation is that the experimenter does not have full
knowledge of the participant’s circumstances. In this study we
minimized problems with distractions by using live interviewers
who were trained to note unusual occurrences, and testing at times
selected to minimize distractions. Another potential concern in
using auditory tests with older adults is the effect of hearing loss
on performance; therefore, at the beginning of each interview we
carried out a brief hearing screening to verify that the participant
could hear the stimuli clearly. In addition, we found that self-
reported hearing ratings were not significantly related to perfor-
mance, and thus age differences were not due simply to hearing
difficulties. Because reliability was moderate, some caution is in
order in interpreting these findings.

The current work demonstrates how by combining laboratory
paradigms with survey methods, innovations such as the Stop and
Go Switch Task can extend laboratory findings by enabling re-
searchers to test larger and more diverse and representative sam-
ples than have been available previously, using different modali-
ties. The opportunity to examine differences in complex task RT
associated with adult age and education contributes to a better
understanding of executive control processes and of the aging
process. Recently, tests of RT have shown associations with mor-
tality (Metter, Schrager, Ferrucci, & Talbot, 2005), and executive-
function tasks have shown some sensitivity in predicting func-
tional decline and mortality (Johnson, Lui, & Yaffe, 2007), and
detecting persons at risk for Alzheimer’s disease (Wetter et al.,
2005) as well as psychopathology (Whitmer & Banich, 2007).
Even in high-functioning older adults, executive control functions
are critical for successful independent functioning and in activities
such as medication compliance (Carlson, Fried, Xue, Tekwe, &
Brandt, 2005). The use of telephone assessment demonstrated here
with the Stop and Go Switch Task holds the promise of providing
a convenient means of testing important cognitive and attentional
processes in middle-aged and older adults as well as those younger
in the lifespan, who may not be willing or able to be tested in
person.
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