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Abstract
This article examines age differences in individual’s ability to produce the durations of learned
auditory and visual target events either in isolation (focused attention) or concurrently (divided
attention). Young adults produced learned target durations equally well in focused and divided
attention conditions. Older adults in contrast showed an age-related increase in timing variability in
divided attention conditions that tended to be more pronounced for visual targets than for auditory
targets. Age-related impairments were associated with a decrease in working memory span;
moreover, the relationship between working memory and timing performance was largest for visual
targets in divided attention conditions.

Many everyday tasks that humans perform involve assessments of temporal extent. For
example, an individual’s ability to judge (in the absence of an explicit clock) whether a stoplight
that is visited on a regular commute is shorter or longer than usual requires some internal
mechanism that measures time, as well as a mechanism that permits comparison of moment-
by-moment time estimates with an individual’s temporal memory of the stoplight’s duration.
From an information processing perspective, behavioral paradigms that assess timing have
become an increasingly popular tool used by psychologists and neuroscientists to probe age-
related changes in cognition (Craik & Hay, 1999; Lustig & Meck, 2001; McAuley, Jones,
Holub, Johnston & Miller, 2006; McCormack, Brown, Maylor, Darby, & Green, 1999;
Vanneste & Pouthas, 1999; Wearden, Wearden, & Rabbitt, 1997). This is in part because of
(1) evidence that the component attention, memory, and decision processes involved in timing
may be shared by human and non-human animals (Allan & Gibbon, 1991; Wearden & Ferrara,
1993; Wearden & McShane, 1988) and (2) the systematic sensitivity of timing paradigms to
behavioral, pharmacological, and neurobiological manipulations in humans and animal models
(Lustig & Meck, 2001; Macar, Grondin, & Casini, 1994; Meck, 1996; Meck & Williams,
1997; Olton, Wenk, Church, & Meck, 1988)

The focus of this article is on age-related changes in the ability to time two events concurrently
(a divided attention task) compared with timing an event in isolation (a focused attention task).
The general importance of attention in the perception of time is evident in commonplace
intuitions about awareness of the passage of time. Indeed, situations that increase attention to
time, such as boredom and anticipation, produce an apparent lengthening of external time,
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whereas situations that reduce attention to time, such as participating in an engaging activity,
produce an apparent shortening of external time. These attentional distortions in the perception
of time are aptly captured by the expressions “a watched pot never boils” and “time flies when
you’re having fun”, respectively; see Brown (1997) for an excellent review.

Dual-task studies of attention and timing in young adults have supported the view that attention
has the potential to modulate the rate of accumulation of pulses generated by an internal
pacemaker, where the number of pulses is assumed to provide a representation of temporal
extent. Thus, when asked to report the duration of an event, young participants often make
shorter verbal estimates and longer productions during dual-task (divided attention) conditions
than in single-task (focused attention) conditions (Brown, 1985; Hicks, Miller, Gaes &
Bierman, 1977; Macar, Grondin & Casini, 1994; Zakay, 1993).. As one example, Brown
(1985) asked participants to provide verbal estimates of the duration of a figure-drawing task
that varied in difficulty, but was always the same duration. Brown found that as the drawing
task became more difficult (i.e., more attention was allocated to drawing), verbal estimates
became shorter and more variable. Effects of dual-task conditions on interval timing
performance tend to be robust and have been found using different methods and a range of
concurrent non-temporal tasks, including card sorting, mental rotation, visual search, and
anagram solving (Brown, 1997; Fortin & Breton, 1995; Hicks et al., 1977; Macar et al.,
1994; Zakay, 1993).

With respect to aging, one common intuition about the perception of time is that time passes
more quickly as we get older. Although there is some evidence to support this observation,
previous studies of aging and timing are mixed (Block, Zakay, & Hancock, 1998; McCormack
et al., 1999; Salthouse, Wright, & Ellis, 1979; Vanneste & Pouthas, 1999; Wearden et al.,
1997). Some studies found shorter verbal estimates and longer productions of duration with
increased age, findings consistent with the view that time passes more quickly as we get older
(Craik & Hay, 1999; McCormack et al., 1999). On the other hand, the opposite pattern has also
been found (Block et al., 1998). Finally, others have reported similar timing performance for
younger and older adults (Salthouse et al., 1979; Wearden et al., 1997). Reasons for the varied
findings may be due to differences in task complexity, age ranges compared, level of training,
and amount of feedback provided to participants on performance. In general, studies involving
simpler tasks, more training, and greater feedback on performance were less likely to find age
differences in timing performance than studies where the opposite was true.

The present study considered effects of aging on attention and timing in the context of a divided
attention task in which individuals were asked to concurrently time an auditory and a visual
event; thus, both tasks in the dual-task required temporal judgments. Previous evidence for
age-related impairments during concurrent performance of two temporal tasks has been found
using a simultaneous version of a temporal-bisection task (Lustig & Meck, 2001). In this study,
younger and older adults were exposed to both short and long auditory and visual anchor
durations and then asked to judge whether a series of simultaneously presented test durations
were either short or long in reference to the learned anchors. Older adults were more variable
in their timing than were younger adults during concurrent timing (divided attention)
conditions, especially for visual stimuli. Young adults, in contrast, were able to time multiple
stimuli as well as a single stimulus, independent of modality.

The present study extends the work of Lustig & Meck (2001) using a divided attention version
of the peak-interval (PI) procedure (Roberts, 1981), referred to as a simultaneous temporal
processing (STP) task (Meck, 1987; Meck & Williams, 1997; Olton et al., 1988; Pang, Yoder,
& Olton, 2001). Like the temporal bisection task used by Lustig & Meck (2001), the PI
procedure and variants have been particularly useful for cross-species comparisons of attention
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and timing (Wearden & McShane, 1988). However, as far as the authors are aware, no previous
study has used the STP paradigm with human participants.

Previous animal studies of attention and timing using the STP procedure have shown little
decrement in timing performance when young rats divide attention across multiple intervals
compared with a single interval (Meck, 1987; Meck & Williams, 1997). Response distributions
in both focused and divided attention conditions are typically centered on the target duration
(reflecting accurate timing) and scalar in variability, consistent with Weber’s law (Gibbon,
Church & Meck, 1984; Meck & Williams, 1997; Olton et al., 1988; Pang & McAuley, 2003;
Rakitin et al., 1998). Perhaps most impressive is that young rats have been shown to
simultaneously time up to three durations as well as they can time a single duration, as
evidenced by the consistency of peak times on divided attention and focused attention trials
(Meck & Church, 1984). With respect to aging, however, Meck and colleagues reported that
for isolated-interval timing, aged rats produced over-estimates of duration that were
proportional to the signal being timed (Meck, 1987; Meck & Williams, 1997; Olton et al.,
1988).

For the present study, we were interested in the concurrent timing performance of older adults
with the STP procedure. We attempted to address several main questions. First, would older
adults tested on the STP procedure show impairments in concurrent timing performance
relative to younger adults? Second, would any age difference interact with modality as
previously observed by Lustig and Meck (2001)? One reason why age-related impairments
might be expected to be greater for visual stimuli than for auditory stimuli is that auditory
stimuli capture and hold attention relatively easily, whereas visual stimuli appear to require
greater attentional control (Lustig & Meck, 2001; Meck, 1984). If aging produces a larger
decrement of controlled rather than automatic aspects of attention, age-related impairments in
divided attention would be expected to exact a greater toll for visual stimuli than for auditory
stimuli. So the last question addressed was whether working memory span and Stroop
interference, two measures that have been proposed to index controlled aspects of attention
(Engle, Tuholski, Laughlin & Conway, 1999; West, 2004), would predict divided attention
performance, especially in the visual domain.

Methods
Participants

Forty young adults (18–39 years; n = 26, female; n = 14, male), twenty two young-old adults
(60–74 years; n = 13, female; n = 9, male) and seventeen old-old adults (75+ years; n = 10,
female; n = 7, male) participated in the study. Young adult participants were undergraduates
at Bowling Green State University who participated in return for extra credit in an introductory
psychology course. Young-old and old-old adult participants were active members of the local
community with normal hearing. All older adults had at least a high school level of education
(51.3% completed high school, 33.3% completed college, and 15.4% had at least some graduate
education); they received $25 for their participation. Average self-reported health ratings for
three groups were 3.96 (0.16), 3.73 (0.49) and 3.59 (0.50), respectively, on a 4-point scale
ranging from 1–bad to 4–good.

Design
The study implemented a 3 (age) × 2 (attention condition) × 2 (duration) × 2 (modality) mixed
factorial design. Participants in the three age groups (18–39 years, 60–74 years, 75+ years)
were tested in focused and divided attention timing conditions using 6 second and 12 second
target durations that were paired with an auditory stimulus (tone) or a visual stimulus (white
square). Pairing of modality with target duration was counterbalanced across participants. For
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approximately half of the participants in each age group (18–39 years, n = 22; 60–74 years, n
= 12; 75+ years, n = 7), the 6 second (short) target was marked by a tone and the 12 second
(long) target was marked by a white square, while for the remaining participants (18–39 years,
n = 18; 60–74 years, n = 10; 75+ years, n = 10) the short target was marked by the white square
and the long target was marked by a tone.

Materials
Participants sat facing a computer monitor and responded using the computer keyboard. The
auditory stimulus was a 440 Hz tone presented through headphones at a comfortable listening
level (≈ 70 dB); the visual stimulus was a 5 × 5 cm white-square that appeared on a black
background in the center of the computer screen. Stimulus presentation and response collection
were conducted using the E-prime software (Psychological Software Tools, 2002).

Procedure
Fixed-interval training—During an initial fixed-interval (FI) training block, participants
were presented with either a tone or white square stimulus on each trial and made a single
response as close in time to when they thought the stimulus would end. On all trials, the offset
of the stimulus always occurred at the target time (6 or 12 sec following stimulus onset); the
response period continued following stimulus offset in order to permit both ‘early’ and ‘late’
responses. Participants were told to use the stimulus offset as feedback to improve performance.
There were 20 randomly mixed FI trials (10 auditory targets, 10 visual targets).

Focused attention testing—Following initial FI training, random probes were introduced
where the stimulus did not end at the target duration, but rather stayed on until the end of the
trial. Participants were informed about the inclusion of probe trials and were instructed that for
all trials they should respond when they thought that the stimulus should end. Inclusion of
probe trials encourages stimulus timing, rather than simple reactions to stimulus offset. Focused
attention testing consisted of 40 trials (20 FI trials, 20 probe trials), with an equal number of
auditory and visual targets.

Divided attention testing—Participants completed three divided attention blocks that
tested concurrent timing. During the first test block, participants were presented with the long
stimulus followed by the onset of the short stimulus after a random 2 or 4 second delay. Both
stimuli were presented simultaneously for 2 or 4 seconds before one stimulus (the non-target)
was terminated, signaling that the remaining stimulus (target) was to be timed. On each trial,
the target stimulus was randomly selected to be either the short or long stimulus. Participants’
task was to press the response button when they thought that the target stimulus would end.
The target FI (6 sec or 12 sec) was always measured from the onset of the target stimulus, not
from the offset of the non-target stimulus. The period of time that the two stimuli overlapped
was the divided attention interval; during this time the participant need to be able to time both
stimuli concurrently in order to perform the task accurately. The configuration was the same
for the second and third blocks, except for the inclusion of random probe trials. As before,
participants were informed about the probe trials and were instructed that for all trials they
should respond when they thought that the target stimulus should end. The first block consisted
of 48 trials (24 auditory targets, 24 visual targets). The second and third blocks comprised 96
trials (48 FI trials, 48 probe trials), with an equal number of auditory and visual targets.

Non-timing measures—Participants returned the next day to complete a standard Stroop
color-naming task (Stroop, 1935) and a reading span working memory task (Salthouse &
Meinz, 1995; Ybarra & Park, 2002). For the Stroop task, participants were presented with
neutral trials, which contained the stimulus @@@@@ in different colors, and incongruent
trials, which contained color words in a different color (e.g., the word green written in red ink).
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For both kinds of trials, participants were instructed to name the color that they saw as quickly
as possible. The computer recorded the response time (RT) of each trial. Each participant
completed 20 trials of each trial type. Stroop interference was measured as the mean RT
difference between the neutral trials and the incongruent trials for each participant. The working
memory task involved presentation of simple sentences with the participant instructed to select
an answer to a question about the sentence from a set of three alternatives, while also
remembering the last word in each sentence. After a designated number of sentences (starting
with one), the word RECALL appeared on the screen and participants typed the last word of
each sentence in order. If participants made correct responses to the questions and correctly
recalled the last word of each sentence for at least two of three trials, then the designated number
of sentences increased by one; otherwise the program stopped. Participant’s working memory
span was defined by the final series length.

Results
Temporal productions on probe trials were binned in 0.25 second intervals and combined across
participants within each age group in order to create composite temporal response functions.
Figure 1 shows the composite temporal response curves for the three age groups (18–39 years,
Panels A; 60–74 years, Panel B; 75+ years, Panel C). Each panel shows the relative frequency
distribution of produced time intervals for the 6- and 12-sec targets timed in isolation (focused
attention testing) and concurrently (divided attention testing). Estimates of peak time, a
directional measure of timing accuracy corresponding to the peak of the response curve, were
obtained using the best-fitting Gaussian function (Buhusi, Sasaki & Meck, 2002); the peak-
time data are shown in Table 1 with separate estimates for auditory and visual stimuli. Several
aspects of the composite temporal response curves and peak-time estimates stand out. First,
temporal response functions for young adults were strikingly similar when target intervals were
timed in isolation (focused attention) compared to when they were timed concurrently (divided
attention). Overall, temporal response curves were approximately centered on the short (6 sec)
and long (12 sec) target intervals in both focused and divided attention conditions (see Figure
1). Peak-time estimates in Table 1 show that temporal productions tended to be slightly longer
that target durations; moreover, when separated by modality, there was some support for peak-
time estimates for auditory target durations to be longer than peak-time estimates for visual
target durations. This modality effect did not turn out to be statistically reliable, however.
ANOVA on mean produced durations for young adults revealed no effect of attention
condition, no effect of modality, and no interaction between attention condition and modality
(all p’s > 0.1).

Also evident in Figure 1 is that both older adult age groups (Panels B and C) had more difficulty
timing the target stimuli in divided attention conditions than in focused attention conditions;
see also corresponding peak-time estimates separated by modality in Table 1. During focused
attention conditions, both older adult age groups produced durations that, on average, were
relatively close approximates to the short and long targets and were not reliably different from
the produced durations of young adults. ANOVA on mean produced durations during focused
attention with age and modality as factors revealed no effect of age, no effect of modality, and
no interaction between the two factors for both short and long targets (all p’s > 0.1). Similarly,
during divided attention testing, ANOVA on mean produced durations revealed no effects of
age or modality, or interaction between the two factors (all p’s > 0.1).

However, as suggested by Figure 1, the ANOVAs on mean produced durations mask several
interesting aspects of the data; temporal response functions in divided attention conditions were
often multimodal for older adults, with a primary peak at/or near the cued target time (reported
in Table 1) and at least one additional, secondary, peak at a non-target time, For the participants
in the 60–74 year age group, secondary peaks at non-target times were apparent at
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approximately 10.75 sec for the short (6-s) target duration and at approximately 6.75 sec for
the long (12-s) target duration; for the 75+ year age group, a secondary peak was apparent at
approximately 6.5 sec for the long target duration. The 75+ year age group additionally
produced what appear to be three peaks in timing the long target duration during focused
attention conditions.

Estimates of timing variability for each participant were obtained by dividing the standard
deviation of produced time intervals by the mean, providing a normalized variability score (or
coefficient of variation, CV). An overall comparison of CV scores for focused and divided
attention testing is shown in Figure 2 (Panels A–D). A 3 (age group) × 2 (attention condition)
× 2 (target duration) mixed measures ANOVA on CV scores revealed a main effect of age
group, F(2,76) = 4.13, MSE = 0.026, p = 0.02, a main effect of attention condition, F(1,76) =
9.66, MSE = 0.011, p = 0.003, and a marginally significant interaction between age group and
attention condition, F(2,76) = 2.75, MSE = 0.011, p = 0.07. During focused attention, CV scores
increased only slightly across the tested age range (18–39 years, M = 0.18, SE = 0.014; 60–74
years, M = 0.20, SE = 0.018; 75+ years, M = 0.21, SE = 0.022). However, during divided
attention, both groups of older adults were substantially more variable in their timing (60–74
years, M = 0.26, SE = 0.023; 75+ years, M = 0.27, SE = 0.028) than their 18–39 year old
counterparts (M = 0.18, SE = 0.017). There was no main effect of duration; moreover, duration
did not interact with either age or attention condition (all p’s > 0.1).

To examine effects of modality, separate 3 (age group) × 2 (attention condition) x 2 (modality)
ANOVA were conducted for short and long target durations.1 For short targets, the ANOVA
revealed a main effect of age, F(2,73) = 5.31, MSE = 0.015, p = 0.007, a main effect of attention,
F(1,73) = 8.15, MSE = 0.007, p = 0.006, but no main effect of modality, or interaction between
age group and modality. There was, however, a marginal three-way interaction between age,
attention and modality, F(2,73) = 2.82, MSE = 0.007, p = 0.06. This interaction highlights the
finding of generally larger age-related increases in timing variability during concurrent timing
of short visual targets than for short auditory targets. The same modality interaction, however,
did not emerge for long targets. For long targets, the ANOVA revealed a main effect of
attention, F(1,73) = 7.72, MSE = 0.007, p = 0.007, an interaction between age and attention,
F(2,73) = 4.45, MSE = 0.007, p = 0.015, but no main effects of age or modality, or other
interactions (all p’s > 0.1). Simple effects analyses reveal that the interaction between age and
attention condition was driven by an age-related increase in variability during concurrent
timing (divided attention), F(2,76) = 4.41, p = 0.01; no significant effect of age on variability
was found for focused attention testing, F(2, 76) = 0.23, p = 0.79.

Bivariate correlations between age (in years), working memory span (WM), Stoop interference
(SI) and measures of timing variability were examined. As expected, WM decreased with
increasing age, r(77) = −0.70, p < 0.001 and SI increased with increasing age, r(77) = 0.55, p
< 0.001; WM and SI were also negatively correlated, r(77) = −0.42, p < 0.001. With respect
to timing performance, age, WM, and SI were not correlated with either signed or absolute
constant error (two measures of timing accuracy). However, both age and WM were correlated
with timing variability in divided attention conditions (concurrent timing), but not focused
attention conditions (see Table 1). In general, WM was a better predictor of variability in

1To examine effects of modality, separate 3 (age group) × 2 (attention condition) × 2 (modality) ANOVA were conducted for short and
long target durations rather than the omnibus 4-way ANOVA with duration as the four factor due to the fact that the two (reversed)
pairings of modality and target duration prevents a simple interpretation of the 4-way analysis. To understand why this produces a problem
of interpretation, it is important to first note that the counterbalancing means that for approximately half of the participants in each age
group, the 6 second (short) target was marked by a tone and the 12 second (long) target was marked by a white square (short-auditory/
long-visual pairing), while for the remaining participants, the short target was marked by the white square and the long target was marked
by a tone (short-visual/long-auditory pairing). Thus, as a result of this aspect of the design, any effects of modality (or interactions with
modality) in the 4-way ANOVA would need to be qualified by the duration-modality pairing.
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concurrent visual timing, r(77) = −0.38, p < 0.001, than variability in concurrent auditory
timing, r(77) = −0.25, p = 0.028. When corrections are made for multiple comparisons, WM
only reliably predicts variability in concurrent visual timing. SI did not predict any of the timing
measures, including CV (all p’s > 0.2) and did not help to account for the observed greater
age-related impairments in concurrent visual timing compared with concurrent auditory timing.

Discussion
A common requirement of juggling more than one task simultaneously is that both tasks are
accomplished at the right time. Depending on task constraints, this may require that the two
tasks are timed relatively independently of one another. The present study addressed effects
of age on concurrent timing of auditory and visual events using a simultaneous temporal
processing task (Meck, Church, & Wenk, 1986; Meck & Williams, 1997). Participants were
first trained to produce the duration of a tone and a white square that were 6 sec or 12 sec,
respectively; they were then tested on their ability to produce the learned event durations in
isolation (focused attention condition) or concurrently (divided attention condition). Results
from this work reveal that young adults were able to produce the duration of the auditory and
visual events equally well in focused and divided attention conditions.

The lack of divided attention decrement during concurrent timing is consistent with previous
studies of simultaneous temporal processing in young adult rats (Meck, 1987; Meck &
Williams, 1997). However, these findings notably differ from the work of Brown and
colleagues who have reported decreases in temporal accuracy and increases in variability when
young adult humans are asked to time multiple intervals compared to when they are asked to
time a single interval (Brown, Stubbs & West, 1992; Brown & West, 1990). Although the
reasons for these differences across studies and species are unclear, it is possible that the
differences partially reflect methodological differences and potentially the use of slightly
different dependent measures. With respect to temporal accuracy, Brown and West (1990)
emphasized absolute temporal error independent of direction, whereas the current study
primarily considered directional differences in timing (i.e., degree of over- and under-
estimation). Some neurobiological support for separating magnitude and direction of temporal
distortions comes from Meck (2002) who has suggested that sodium-dependent high affinity
choline uptake serves as indicator of the magnitude of timing errors, while theta rhythm activity
in the frontal cortex serves as an indicator of direction of errors (over- or under-estimation).

In contrast to the young adult data, both groups of older adults in the present study showed a
large divided attention decrement in timing performance that was generally more pronounced
for visual stimuli than for auditory stimuli. Age-related impairments in timing appeared as
increased variability of produced durations during concurrent timing performance (divided
attention condition) relative to when the auditory and visual stimuli were timed in isolation
(focused attention condition). A close inspection of the aggregate temporal response curves
for the two older age groups reveals that age-related increases in timing variability may have
been partly driven by a difficulty of older participants in forming distinct temporal memories
for the 6-sec and 12-sec target intervals. For concurrent timing (and in some cases for isolated-
interval timing), temporal response curves were multimodal for both older age groups with
peaks occurring at approximately 6-sec and 12-sec. Although this finding of multiple peaks in
the aggregate response curves is intriguing, there is not enough data for each participant to
permit a more comprehensive by-subject analysis; it does suggest, however, that this may be
a promising avenue of future research.

The divided attention decrement observed with both groups of older adults is consistent with
Vanneste & Pouthas (1999) and Lustig & Meck (2001) using different methods. Vanneste &
Pouthas (1999) examined a temporal reproduction task that required up to three concurrent
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estimates of duration and found that increasing the number of concurrent to-be-timed intervals
led to less accurate and more variable timing performance in older adults than in young adults.
Using a concurrent timing version of the temporal bisection task, Lustig & Meck reported no
differences in timing accuracy, but did find an age-related increase in timing variability. Similar
to the present study, effects of age interacted with modality during concurrent temporal
bisection, with visual timing conditions showing greater age-related impairments than auditory
timing conditions. In more general terms, overall larger age impairments in visual timing
compared with auditory timing are consistent studies reporting evidence of auditory dominance
in temporal processing (Guttman, Gilroy, & Blake, 2005; Lustig, 2003; Penney, Gibbon, &
Meck, 2000, Repp & Penel, 2002).

Lustig & Meck (2001) hypothesized that differences in the amount of controlled attention
devoted to the different modalities may be responsible for the observed interactions between
age and modality, with visual events requiring more controlled attention than auditory events.
A controlled attention hypothesis receives some support in the present study. Working memory
span, which has been previously proposed to index controlled attention (Engle et al., 1999;
Kane, Bleckley, Conway & Engle, 2001), was found to be associated with increased timing
variability in divided attention conditions; shorter WM span was linked to increased timing
variability. Moreover, this relationship was strongest for visual timing in divided attention
conditions; see also the work of Vanneste & Pouthas (1999) who found that shorter WM span
was associated with increased timing variability in the most attention demanding conditions.

Finally, an additional aspect of Lustig & Meck’s study deserves some discussion. In their study,
an intriguing interaction was observed between age and the time of day that testing occurred.
Participants were tested either before 9 am or after 4 pm, with older adults predominantly
characterized as “Moderately Morning” individuals and younger adults predominantly
characterized as “Moderately Evening” individuals based on the MEQ (Horne & Ostberg,
1976). Older adults tested in the morning (their optimal time of day) were found to show greater
sensitivity to visual stimuli than to auditory stimuli, while the reverse was true for those tested
late in the afternoon (their non-optimal time of day). Lustig and Meck argue that allocation of
attention to different sensory channels is modulated by circadian rhythm phase. Although time
of day was not a variable in the present design (all testing took place between 9 am and 5pm)
these previous results do suggest that the time-of-testing should be looked at more closely in
the context of interactions between age, attention, and temporal processing.

In summary, the current study examined concurrent timing of auditory and visual events by
young and elderly adults using a modified simultaneous temporal processing procedure that
has been widely used in non-human animal studies, but rarely used in human studies. Consistent
with animal studies of concurrent timing involving rats (Meck, 1987; Meck & Williams,
1997), young adults were found to be able to produce the duration of the two target events
equally well in focused and divided attention conditions. Older adults in contrast showed a
large divided attention decrement in timing performance that in some cases was more
pronounced for visual targets than for auditory targets. Age-related impairments were found
to be associated with a decrease in working memory span and this relationship was found to
be largest for visual targets in divided attention conditions. Finally, these findings converge
with those of Vanneste & Pouthas (1999) and Lustig & Meck (2001) using a different task and
provide some support for a controlled attention explanation of age and modality differences in
concurrent timing performance. More broadly, this research contributes to the growing body
of work showing age-related interactions between attention and timing processes (Anderson,
Craik, & Naveh-Benjamin, 1998; Craik, 1977; Hartley & Little, 1999; McDowd & Craik,
1988; McDowd & Shaw, 2000; Salthouse, Rogan, & Prill, 1984)
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Figure 1.
Temporal response functions for short and long target intervals for participants aged 18–39
years (Panel A), 60–74 years (Panel B), and 75+ years (Panel C) during focused and divided
attention timing conditions.
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Figure 2.
Timing variability (coefficient of variation) for the three age groups for auditory and visual
target durations. Panels A and B show short targets in focused and divided attention conditions,
respectively. Panels C and D show long targets in focused and divided attention conditions,
respectively.
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Table 2

Correlations between age, working memory span (WM) and magnitude of Stroop interference (SI) with timing
variability (as measured by CV) in focused and divided attention conditions for auditory and visual target events.

Predictor

Focused Attention Divided Attention

Auditory Visual Auditory Visual

Age 0.10 0.17 0.27* 0.39**

WM −0.20 −0.21 −0.25* −0.38**

SI −0.01 0.09 0.05 0.14

*
Correlation is significant at the .05 level (2-tailed)

**
Correlation is significant at the .01 level (2-tailed)
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