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ABSTRACT

This study aimed to investigate whether aging results in an increased attentional blink
effect in older adults as compared to young adults. A rapid serial visua presentation
(RSVP) paradigm was employed in which participants were asked to identify two tar-
gets (dual-task condition) presented in rapid succession. These targets were separated
by variousintervalsin a stream of stimuli. The performance for identifying the second
target was normally diminished as compared to identification of a single-task target.
Various combinations of tasks, such as two perceptual tasks or one perceptual and one
action task, aswell as different types of pointing action, such as pointing to a displaced
target, pointing to a stationary target or pointing to a disappeared target, were manipu-
lated in this study to seeif aging may further impact these variables. The results of this
study showed that in young adults, successful identification of the first target interfered
with identifying the second target, as well as the initiation time (action planning) of
pointing to the second target. However, identification of the first target did not interfere
with pointing movement time and pointing accuracy, even when the target was dis-
placed, which required online control of action. Conversely, for older adults, success-
ful central identification not only interfered with identifying the second target and with
the pointing initiation time, but also interfered with pointing movement time for a dis-
placed target. This suggests that older adults seem to be unable to concurrently identify
the first target and correct their aready-initiated pointing movement compared to
young adults.
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INTRODUCTION

It has been well documented that athough perception is vita for our lives,
atentional congtraints for visua perception exist. A classic debate focuses on
the attentional bottleneck along the visual information-processing stream (e.g.,
Broadbent, 1958; Deutsch & Deutsch, 1963). One common paradigm used to
identify in which stage of information-processing that bottleneck takes placeis
the dual-task paradigm (Pashler, 1994). In dual-task paradigms, participants
are asked to report two targets presented concurrently or in rapid succession.
Typicaly, interference occurs between the two tasks under dual-task condi-
tions as compared to single-task conditions. One example of dual-task interfer-
ence is the attentiona blink (AB). In this subtype of dual-task paradigm,
participants are asked to identify and report two visua targets presented in
succession separated by variousintervals (stimulus onset asynchrony or SOA).
These targets are embedded in a rapid seria visual presentation (RSVP)
sequence of visua distractors. The stimuli in such a sequence are presented at
arate of eight to 12 items per second. Participants can identify and report the
fist target (T1) in the sequence, but show a dramatic decreasein identifying the
second target (T2) when T2 appears in close temporal proximity to T1 (e.g.,
between 100 and 450 ms following T1). This deficit is known as *‘ attentional
blink’ (Chun & Potter, 1995; Jolicoeur, 1998; Raymond, Shapiro, & Arndll,
1992). A number of research reports have confirmed that when both target
tasks are perceptua tasks, the attentional blink effect occurs.

In red life situations, humans not only perform perceptua judgments,
but also perform actions, such as pointing and grasping. Milner and Goodale
(1995) proposed that human vision consists of two separate visua systems,
known as the dual systems theory: (1) ‘what’ (perception of objects) and (2)
‘how’ (online control of action towards objects) (see also Gand & Goodale,
2003; Goodale & Milner, 2004; Milner & Goodale, 1995). According to the
dua systems theory, one might predict that no interference would occur in a
dual-task situation in which onetask is perceptual and onetask is action. How-
ever, Kunde, Landgraf, Paelecke, and Kiesd (2007), using psychological
refractory period paradigm, showed that a dorsal task, such as grasping an
object, is dso subject to massive dua-task interference. Kunde et a. (2007)
concluded that although vision for perception and vision for action are dissoci-
aed, they do not differ in terms of capacity limitations. Accordingly, perform-
ing a perceptual and an action task smultaneoudly in an RSVP paradigm
should result in attentional blink, as is normally found when performing two
perceptual tasks. To the best knowledge of the authors, there is only one study
(Liu, Chua, & Enns, 2008) using the RSVP paradigm to systematically
address this issue among young adults. Contrary to Kunde et d.’s findings
(2007), Liu et d. (2008) found that identifying a target interfered with action
planning, although it did not interfere with action execution.
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Componentsof Visually-Guided Pointing Actions

InLiu et al. s (2008) study, some components of visually guided point-
ing action were distinguished: action planning (i.e., pointing initiation time
(IT): the time between target onset and movement onset), and pointing exe-
cution (i.e., movement completion time (MT): the time between movement
onset and completion and pointing accuracy). The literature has shown that
action planning and action execution may involve different visual systems,
with planning involving a more ventral stream of the visual system and exe-
cution involving a more dorsal stream of the visual system (Glover, 2004;
Goodale & Milner, 2004; Henry & Rogers, 1960; Liu et al., 2008). Liu et al.
(2008) supported dual systems theory by showing that although perception
of thefirst target did not interfere with action execution among young adults,
it interfered with action planning.

Liu et a. (2008) further compared pointing MTs among different types
of pointing actions, such as pointing to a stationary target as opposed to
pointing to a displaced target upon movement initiation. The logic was based
on literature suggesting that online control of a pointing action to a displaced
target (‘the peripheral target moved unpredictably to a nearby location upon
movement onset’) is separable from mere action execution toward a station-
ary target. Elliott, Helsen, and Chua (2001) suggested that movement execu-
tion can be decomposed into two component phases: an initial ballistic phase
that reflects programming movement characteristics, and a later phase in
response to visual feedback to correct online the movement error between
the effector and the target. Elliott et al. (2001) hypothesized that pointing to
a displaced target may demand more of the later phase, in which online
refinement and error-correction of the movement are required. Accordingly,
the pointing MT to a displaced target can serve as a better candidate for tap-
ping dorsal stream visually-guided action.

By differentiating these components of pointing action, Liu et a.
(2008) demonstrated that for young adults, successful identification of the
first target interfered with the identification of the second target and with
pointing IT to the second target, but did not interfere with the pointing MT
and pointing accuracy for the second target, even when the second target
was displaced upon movement initiation.

Aging and the Limits of Attention for Perception and Action

In contrast to available studies regarding limits of attention on young
adults, relatively fewer research studies exist that investigate limits of
attention in older adults using RSV P paradigms. To the best knowledge of
the authors, there are only four studies available (three journal papers
and one conference paper: Georgiou-Karistianis et al., 2007; Lahar, 1saak, &
McArthur, 2001; Maciokas & Crognale, 2003; Zacks, Henderson, Mangum, &
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Hasher, 1994). Furthermore, among these studies, two of them did not mea-
sure T2 performance on the condition of T1 accuracy, making it difficult to
compare with other studies using the typical way of measuring attentional
blink (see Georgiou-Karistianis et a., 2007 for a similar comment). There-
fore, this study aimed to contribute additional empirical evidence examining
whether aging impairs an individual’s ability to perform two tasks in the
RSV P paradigm. Moreover, this study differs from other available studiesin
that not only were two perceptual tasks were used, but action tasks were also
included. The purpose of this study was to see if different combinations of
the two tasksin the RSV P paradigm were equally prone to attention deterio-
ration as a result of aging. The investigation of this issue is of theoretical
importance. According to the contemporary unified visua attention model
(e.g., Schneider, 1995), if aging impairs the attentional system, then atten-
tional blink would increase regardless of which two tasks are performed
simultaneously. One would likewise expect to observe enlarged attentional
blink effects on both perceptual and action tasks for older adults as com-
pared to young adults. On the other hand, according to the dual-systems the-
ory (eg., Milner & Goodae, 1995), perceptua and action tasks may tap
different visual attentional systems. Thus, if aging impairs one attentional
mechanism, it does not necessarily impair another attentional mechanism.
Furthermore, this study compared different types of pointing actions to
examine whether older adults exhibit the same patterns of attentional blink
effect among different types of pointing actions as young adults reported by
Liu et a. (2008), or whether older adults display generally larger attentional
blink effects for all types of pointing actions.

Memory-Guided vs. Visually-Guided Pointing Actions

In addition to the two types of visually-guided pointing action conditions
(pointing to a stationary or disappeared target condition) used inLiu et a.’s
(2008) study, this study also incorporated a memory-guided action condition
(e.g., pointing to a disappeared target upon movement initiation) in the
RSVP paradigm to investigate whether the attentional blink effect was the
same as or different from a visually-guided action task when in combination
with a perceptual task, and to determine if the patterns of results differed
among young and older adults. Although the evidence mentioned above has
demonstrated that perception and action involve different visual systems,
thereis also further evidence showing that memory-guided action may differ
from visually-guided action, which relies on stored representations that are
derived from ventral stream perceptual processing rather than from dorsal
stream processing that makes use of absolute metrics and body coordinates
(e.g., Goodde & Milner, 2004; Pisdlaet d., 2000; Singhal, Culham, Chinellato, &
Goodae, 2007; Westwood & Goodale, 2003). Milner and Goodale (2008)
also suggested that grasping an object no longer visible relies on perceptual
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information stored in ventral systems. Therefore, it would be interesting to
examine if a perceptual task would interfere with a memory-guided action
but not a visually-guided action. To the best knowledge of the authors, such
an interesting issue has yet to be researched using RSVP paradigms with
young or older adults.

Specific vs. General Attentional Deficit in Aging

Using RSVP paradigms in this study also allowed us to investigate
whether older adults' attentional deficits are due to general cognitive slow-
ing. A number of studies have used various spatial attentional tasks, such as
cued location (e.g., Hartley, Kieley, & Slabach, 1990), visua conjunction
search (e.g., Madden, 1990) and divided attention tasks (e.g., Salthouse,
Rogan, & Prill, 1984) to investigate age-related attentional deficits. Numer-
ous behavior studies have reported significant decreases in cognitive perfor-
mance, such as longer reaction time (RT) and decreased accuracy
(Salthouse, 1996). Thus, researchers have put forward a ‘general slowing'
hypothesis to account for the aging effect. On the other hand, some studies
investigating dynamic attention among older adults, such as task switching,
have suggested a specific rather than general slowing deficit. These studies
suggested that only those tasks that depend highly on frontal lobe activity
would deteriorate with aging (e.g., Band, Ridderinkhof, & Segalowitz, 2002;
Mayr & Liebscher, 2001; Raz, Gunning-Dixon, Head, Dupius, & Acker,
1998; Ridderinkhof, Span, & van der Molen, 2002; West, 1996). Therefore,
it remains unclear if older adults are impaired, specifically or generally, in
other types of dynamic attention, such as performing dual-tasks in RSVP
paradigms.

If aging results mainly in general owing, then one would expect to
find a deficit in performance independent of time between the first and the
second target in the RSV P stream. Such a genera deficit should be revealed
in a single-task condition with a downward shift in the data between young
and older adults. On the other hand, if aging results in a specific attentional
deficit, then one would expect to find an enlarged attentional blink effect in
RSV P paradigms. Such a specific deficit should be revealed in performance
differences in dual-task as compared to single-task conditions, and the dif-
ference would further interact with the time lag between thefirst and the sec-
ond target in the RSV P stream.

Objectives of this Study

To summarize, this study aimed to investigate whether aging impairs,
specifically or generally, an individual’s ability to perform two tasks in the
RSVP paradigm. Various combinations of tasks, such as two perceptual
tasks or one perceptual and one action task, as well as different types of
pointing action, such as pointing to a displaced target (online action control),
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pointing to a stationary target (mere action execution) or pointing to adisap-
peared target (memory-guided action), were manipulated in this study to see
if aging may further impact these variables.

METHOD
Participants

A group of 12 young adults (19-30 years; M = 21 + 3.3; education
years: M = 14.1 + 2.1) and 12 older adults® (55-62 years, M = 59.3 + 2.5;
education years: M = 11 * 3.3) participated in this study. The young adults
were recruited from the National Chung Cheng University located in
Chia-Yi county and received credit toward an introductory psychology
course. The older adults were recruited from local villagesin Chia-Yi county
and paid NT$ 200.00 (US$ 7.00). All participants were right-handed, free of
neurologica and psychological disorders, and had self-reported normal or cor-
rected-to-normal vision. The experiment was conducted with the understanding
and consent of each participant.

All participants were screened for depression using the Beck Depression
Inventory (BDI-II) (Beck, Steer, & Brown, 1996; screening criteriac 0-13: nor-
mal; 14-19: mild depression; 20-28: moderate depression; 29-63: severe depres-
sion) and for dementiausing Mini-Mental State Examination (MM SE) (Folstein,
Folstein, & McHugh, 1975; screening criterias 25-30; norma; 21-24: mild
dementia; 14-20: moderate dementia; <13: severe dementia). The mean BDI-II
score was 5.9 + 3.7 for young adults and 5.5 + 4.0 for older adults (young vs.
older: t1(22) = 0.27, p =.79). The mean MM SE score was 28.4 + 1.1 for young
adultsand 27.5+ 1.7 for older adults (young vs. older: 1(22) = 1.84, p = .08).

Apparatus and Stimuli

Stimuli were generated using Delphi 7.0 operating on an Acer note-
book computer (Acer TravelMate C110) with an Intel Pentium M Centrino
900MHz processor operated by Window-XP system. Participants sat a dis-
tance of approximately 57 cm from the computer screen. Participants used a
stylus held in the right hand to touch the screen which was tilt-mounted so
that participants’ hands could rest on it at waist height. Digit responses were
inputted with the left hand using a keyboard.

1Admittedly, the older adults we recruited in this study were considered middle-aged (i.e., age range
between 50 and 65 years) who were younger than the age (>65 years) that is generally considered asthe
beginning of older adulthood. One practical reason for recruiting the age range between 55 and 62 years
isavailability. Another more theoretical reason isthat since Georgiou-Karistianis et a. (2007) observed
deterioration in attentional blink effect for participants at the age of 40 onwards and suggested that 40
yearsis a possibly critical psychological and physiological milestone, it is reasonable for this study to
investigate the aging effect on attentional blink effect using middle-aged adults.
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Stimuli were presented in white on alight-grey background. The stylus
home position was a circle with a 0.6° visual angle near the screen’s left
edge, and the gaze home position was a square (fixation) with a 0.4° visua
angle located 2.4° above the stylus home position. Each trial commenced
when the stylus held by the subject’s right hand was placed in the home
position. A series of letters (‘A’'—Z,” excluding ‘B’, ‘I’, ‘O’, ‘'S and ‘Z’)
was presented with arate of 60 ms per item followed by a 40 ms blank inter-
val. After 5 to 8 letters were presented, the first target (a digit, ‘2’—'9') was
presented at the central location where the RSV P stream occurred, followed
by 14 additional letters (see Figure 1 for an example). At a temporal lag of
100, 300, or 700 ms following the onset of the central target, the to-be-
pointed target (a digit) was presented at a pheripheral location with a size of
0.8° x 0.9° of visual angle. It appeared only for 100 ms and was then fol-
lowed by a mask (a white square with 0.9° x 0.9° of visual angle) that
remained visible until the completion of pointing action.? The peripheral
digit could be presented at one of three peripheral locations, 11°, 12°, or
13° of visual angle to the right of fixation. These peripheral to-be-pointed
targets could be either stationary (both digit target and mask appeared at
the same location), displaced (both target digit and mask originaly
appeared at the 12° of visual angle location, but upon the initiation of sty-
lus movement, the mask was displaced to a neighboring location, e.g., 11°
or 13° of visual angle to the right of fixation) or disappeared (both digit
target and mask appeared at the same location, but as soon as the initiation
of stylus movement, the mask disappeared). These three types of periph-
eral targets were arranged to appear with equal probability within each
block.

Design and Procedure

Participants initiated each trial by placing the stylus on the home posi-
tion. Participants were instructed to remain on the home position until the
peripheral digit onset, and then to identify and point to the final location of
the peripheral digit (replaced by amask after 100 ms of presentation). Partic-
ipants were instructed to perform the tasks as accurately and as quickly as
possible. A practice session of 20 trials was provided followed by the formal
experiment of 432 trials.

There were one single-task block (216 trials) and one dual-task block
(216 trials) and the order of these two blocks was counterbalanced across
participants. The dependent variables, temporal lag (100, 300, or 700 ms)
between central and peripheral digits, peripheral digit’slocation (11°, 12°, or

2The mask replaced the peripheral digit after 100 ms of the digit’s presentation and was served as the
to-be-pointed target for the following pointing action.
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Ficure 1. Schematic illustration of atypical trial sequence in which the to-be-pointed
target (peripheral digit) was presented for 100 ms with atemporal Lag of 100, 300, or
700 ms following the onset of a central target, and was then followed by a mask.

A displaced peripheral target tria isillustrated, in which both peripheral digit and mask
originally appeared at the same location, but upon the initiation of stylus movement, the
mask was displaced to a neighboring location.

fixation
the stylus home position

= +

RSVP distractors

= X

the central digit target

=03 N4

the peripheral target at alag of 100, 300,

Time f 8 700 msfollowing the central digit target
M [ ] the mask following the peripheral digit
F . the to-be-pointed mask is displaced upon
8 ﬂ theinitiation of stylus movement
:‘ T point to the final target location

13° of visua angleto theright of fixation) and peripheral digit’s displacement,
were randomized with equal probability within each block. In a single-task
block, participants were instructed to ignore the first (central) digit and
report by pointing to and identifying only the second (peripheral) digit. In a
dual-task block, participants were instructed to respond to both targets by
identifying the central digit and pointing to and identifying the peripheral
digit. However, participants were instructed to report the central digit as
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accurately as possible. Digits were reported after the pointing action was
completed.

Data Analysis

This study measured identification errors of central and peripheral
digits, pointing initiation time (IT), pointing movement time (MT) and
pointing accuracy. Pointing IT was measured from the onset of the to-
be-pointed peripheral target until the stylus was moved. Pointing MT
was measured from the onset of moving the stylus until completion.
Pointing accuracy was assessed with the absolute value of average hori-
zontal deviation from the final target location (each pixel on the screen
equals 0.2 mm).

According to Liu et al. (2008), only trials meeting the following cri-
teria were included for analyses: (1) the stylus was always placed on the
home position until the onset of the to-be-pointed target, (2) in the dual-
task condition, trials with correct identification of the central digit, (3) IT
was between 100 and 2000 ms, and (4) MT was between 100 and 1000 ms.
For young adults, an average of 2.1% of trials were excluded from analy-
ses due to premature movement of stylus, 0.02% of trials were excluded
due to IT over 2000 ms, and 1% of trials were excluded due to MT over
1000 ms. Among older adults, an average of 1.62% of trials were excluded
from analysis due to premature stylus movement, 1.39% of trials were
excluded dueto IT over 2000 ms, and 2.35% of trials were excluded due to
MT over 1000 ms.

A number of ANOVASs were conducted on the experimental results
including one three-way ANOV A (one between-subject factor: age: young
vs. older; two within-subject factors: Lag: SOA 100, 300 vs. 700 ms; Periph-
eral Target Type: stationary vs. displaced vs. disappeared) on central-digit
target identification errors. Two three-way ANOV As (Age, Task Condition:
single- vs. dual-task, Lag) examined peripheral-digit target identification
errors and pointing IT to the peripheral target, respectively, and two four-
way ANOVASs (Age, Task Condition, Lag, Peripheral Target Type) exam-
ined pointing MT and pointing accuracy, respectively. The significant level
wasp < .05.

RESULTS
Digit I dentification (Proportion Errors)
Central-Digit Target | dentification

Mean central-digit identification errors (Figure 2) showed that partici-
pants were able to successfully identify the central-digit target, with 4.1%
errors for young adults and 5.9% errors for older adults. The results of a
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Ficure 2. Central and peripheral digit identification (in proportion errors) for young and older adults
in single and dual task conditions.
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three-way ANOV A showed that neither Age nor Peripheral Target Type (all
p values >.08) affected central-digit identification.

Peripheral-Digit Target I dentification

On the other hand, a three-way ANOVA on peripheral-digit target
identification errors (Figure 2) showed significant effects of Age, Task
Condition, and Lag (all p values < .0001). There was a significant two-
way interaction of Task Condition x Lag, F(2, 44) = 114.01, p < .0001,
exhibiting a typical attentional blink effect. At short lags (SOA 100
and 300 ms), peripheral-digit accuracy was decreased in the dual-task
condition compared to the single-task condition (Lag 1: F(1, 66) = 42.11,
p < .0001; Lag 3: F(1, 66) = 18.87, p < .0001), whereas at the final
lag (SOA 700 ms), accuracy in two conditions did not differ from one
another (Lag 7: F(1, 66) = 0.67, p = .42) indicating that by Lag 7, the
identification of central-digit target no longer affected peripheral-digit
target identification.

More importantly, a significant three-way interaction of Age, Task
Condition and Lag, F(2, 44) = 8.31, p < .001, further showed that both
young and older adults exhibited atypical blink effect (young: F(2, 110) =
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106.27, p < .0001; older: F(2, 110) = 36.35, p < .0001), but older adults
showed alarger blink magnitude® (Mean = 0.21 proportion errors, SD = 0.03)
than young adults (M = 0.09 proportion errors, SD = 0.03) (t(22) = -8.29,
p <.0001).

Pointing I nitiation Time (IT) to the Peripheral Target

Mean pointing IT to peripheral targets also exhibited a typical atten-
tional blink phenomenon as did peripheral target identification errors,
namely a significant interaction of Task Condition x Lag, F(2, 44) = 46.68,
p < .0001). That is, at short lags (e.g., Lags 1 and 3), dual-task pointing IT
was longer than single-task pointing IT (Lag 1. F(1, 66) = 6.14, p <.05; Lag
3: F(1, 66) = 4.36, p <.05), but by Lag 7, there was no longer a difference
between the two conditions (Lag 7: F(1, 66) = 1.95, p = .17). Furthermore, a
sgnificant three-way interaction, Age x Task Condition x Lag, F(2, 44) = 6.37,
p < .005, indicated that the pointing I T of both young and older adults exhib-
ited an attentional blink effect* (young: F(2, 110) = 31.05, p < .0001; older:
F(2, 110) = 6.63, p < .005), though older adults showed a larger attentional
blink effect (M = 122.69 ms, SD = 50.85) than young adults (M = 54.71 ms,
D =51.35) (t(22) = -3.25, p < .005) (Figure 3).

Pointing Movement Time (MT) to the Peripheral Target

Although mean pointing MT likewise showed a significant two-way
interaction of Task Condition x Lag, F(2, 44) = 19.44, p < .001 indicating a
typical attentional blink effect, there were significant three-way interactions
of Task Condition x Lag x Peripheral Target Type, F(4, 88) = 3.03, p < .05,
of Age x Task Condition x Lag, F(2, 44) = 6.29, p <.005, aswell asasig-
nificant four-way significant interaction of Age x Task Condition x Lag x
Peripheral Target Type, F(4, 88) = 5.11, p <.001, indicating not al young
and older adults exhibited an attentional blink effect for all pointing MTs
among al pointing action conditions. Simple effect tests following the four-
way interaction showed that mean pointing MT was relatively constant
across Task Condition, Lag and Peripheral Target Type for young adults as
reported in Liu et al.’s (2008) study, suggesting no typical attentional blink
on pointing MT for young adults, whereas there were some attentional blink
effects in some conditions for older adults. Older adults exhibited longer
pointing MT in dual-task as compared to single-task conditions at both Lags

3We calculated the magnitude of the attentional blink by averaging the differences in peripheral-digit
target identification’s proportion errors between single- and dual-task conditions across Lags 1 and 3
(typical attentional blink’stemporal window) (see Lahar et ., 2001).

“We cal culated the magnitude of the attentional blink by averaging the differencesin pointing IT (in ms)
to the peripheral target between single- and dual-task conditions across Lags 1 and 3 (typical attentional
blink’s temporal window) (see Lahar et a., 2001).
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Ficure 3. Peripheral-digit pointing initiation time (IT) for young and older adultsin single and dual
task conditions.
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1 and 3 (Lag 1: F(1, 33) = 57.38, p < .0001; Lag 3: F(1, 33) = 25.02,
p <.0001) for displaced periphera targets, but no differences between single
and dual-task conditionsfor either stationary (Lag 1: F(1, 33) =5.12, p=.03 >
adjusted alpha value: .016) or disappeared (Lag 1: F(1, 33) = 2.38, p = .13)
peripheral targets.

Moreover, among young adults, mean pointing M T across Task Condi-
tions and Lags was longer, when pointing to displaced peripheral targets
(M = 329.56 ms, D = 46.10) than stationary (M = 295.51 ms, SD = 36.83)
(F(1, 142) = 35.15, p < .0001) and disappeared peripheral targets
(M =312.93ms, D =48.73) (F(1, 142) = 8.38, p < .005). Likewise for older
adults, mean pointing MT was longer when pointing to displaced peripheral
targets (M = 565.92 ms, SD = 47.36) than to stationary (M = 506.70 ms,
D = 33.36) (F(1, 142) = 124.17, p < .0001) and to disappeared peripheral
targets (M =509.93 ms, SD = 34.75) (F(1, 142) = 110.97, p <.0001) (Figure 4).

General Slowing vs. Specific Attentional Blink Effect

Given that mean pointing MT between single and dual-task conditions
were significant at Lags 1 and 3 for older adults but not for young adults, itis
worth clarifying if such differences were simply due to genera slowing.
Two sets of 2 x 2 ANOVAs with Age and Task Condition as variables for
Lags 1 and 3 were conducted. The results showed a significant interaction of
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Ficure 4. Periphera-digit pointing movement time (MT) for (a) Stationary, (b) dis-
placed, and (c) disappeared periphera targets for young and older adultsin singleand

dual task conditions.
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Ageand Task Condition at Lag 1 (F(1, 22) =29.44, p<.001) and Lag 3 (F(1,
22) = 20.99, p <.001). All pointing MT data were further under logarithmic
transformation and re-submitted to ANOV As. The results were the same as
rav MT data. That is, the interaction of Age and Task Condition was
significant at Lag 1 (F(1, 22) = 15.46, p < .001) and Lag 3 (F(1, 22) = 14.26,
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p < .001). The results thus suggest that the MT differences between young
and older adults at Lags 1 and 3 were not simply due to general slowing (see
also Bopp & Verhaeghen, 2007; Faust, Balota, Spieler, & Ferraro, 1999).

Pointing Accuracy to the Peripheral Target

Theresults of afour-way ANOV A on mean absolute horizontal deviations
(in mm) (Figure 5) showed only one significant main effect of Peripheral
Target Type, F(2, 44) = 32.49, p < .0001. There was a significant two-way
interaction of Lag x Peripheral Target Type, F(4, 88) = 5.08, p < .001. No
other main effects or interactions were significant. Thus, no typical atten-
tional blink effects and no age differences occurred with this measure.

DISCUSSION

The main results of this study showed that successful central-digit identifica-
tion interfered with identifying the second target and with the initiation time
(action planning) of pointing to the second target (typical attentional blink
effect) in young adults, but did not interfere with pointing movement time
and pointing accuracy, even when the to-be-pointed periphera target was
displaced. Conversely, for older adults, successful central identification not
only interfered with identifying the second target and with the initiation time
of pointing to this peripheral target, but also interfered with pointing move-
ment time to a displaced peripheral target, suggesting that older adults were
unable to concurrently identify the first target and correct online their
aready-initiated pointing movement compared to young adults.

Aging and the Limits of Attention for Perception and Action

Previous studies using RSV P paradigms with two perceptual tasks have
reported that older adults suffered from more severe attentional blink effect,
such as a greater decrease in performance accuracy that lasted for more lags
(e.g., Georgiou-Karistianis et a., 2007; Machiokas & Crognale, 2003; Lahar
et a., 2001). Likewise, this study observed that older adults showed a larger
attentional blink effect in dual-task conditions as compared to young adults.

A new contribution of this study is further investigation of whether older
adults are able to perform one perceptual and one action task concurrently as
young adults can, asreported by Liu et al. (2008). According to the dual sys-
tems theory, action task involves the parietal lobe, whereas identification
involves the temporal lobe, thus resulting in little interference when per-
forming the two tasks (Milner & Goodale, 1995). This study observed that
although young adults are able to point to a peripheral target without inter-
ference while identifying thefirst target, older adults appeared to be less able
to concurrently identify a target and point to a displaced peripheral target.
The finding that online control of pointing action to a displaced target can be
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Ficure 5. Peripheral-digit pointing accuracy (absolute horizontal deviations; in
mm) for () stationary, (b) displaced, and (c) disappeared peripheral targets for
young and older adultsin single and dual task conditions.
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accomplished without interfering with the concurrent target identification
among young adults suggested that the system guiding the hand registered
the new target position and modified the action online without interference
from the target identification (see also Liu et a., 2008). Conversely, among
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older adults, successful centra identification of the first target interfered
with pointing movement time when pointing to a displaced peripheral target,
suggesting that older adults were unable to register the new target position
and modify online their already-initiated movement.

One possible reason for this deficit is that the ability of older adults to
identify a peripheral target had deteriorated, resulting in inefficiency of the
online correction of their action. This can be evidenced by the finding that
the ability of older adults to identify a peripheral target was decreased even
in single-task conditions. One way of testing this hypothesisis to examine if
trials in which the peripheral target was incorrectly identified resulted in
faster pointing movement time. However, a post-hoc analysis showed no dif-
ferences in pointing movement time between trials in which the peripheral
target was misidentified vs. trials on which the peripheral target was cor-
rectly identified. Therefore, the result does not support such a hypothesis.

Another possihility isthat aging directly affected the older adults' abil-
ity to re-estimate online a displaced new target location, resulting in less
efficient modification of their already-initiated movement while identifying
the first central target. Conversely, if the to-be-pointed target remains at the
same location, such as a stationary target, older adults are just as able as
young adults to concurrently perform a perceptual and an action task. Thisis
evidenced by the result that pointing MT was slowest when pointing to adis-
placed peripheral target than either a stationary or a disappeared target. Fur-
ther research is till needed to directly test this hypothesis. Nevertheless,
athough older adults are less efficient in adjusting online their action while
identifying the first target, their pointing accuracy did not differ significantly
from young adults. The finding appears to be consistent with previous
research (e.g., Rossit & Harvey, 2007; Sarlegna, 2006) showing that
although older adults' correction time is longer than that of young adults,
their performance accuracy is similar to that of young adults.

In addition to examining how aging may affect people’s ability to
simultaneously perform object identification and online control of action
tasks, this study also explored the issue of whether people’s ability to per-
form object identification and online control tasks would cause more infer-
ence if the online control task is memory guided rather than visually guided.
To address this issue, this study designed a condition in which the peripheral
target would disappear upon the onset of the pointing movement. Some stud-
ies have indicated that memory-guided action, such as grasping, may involve
ventral route processing rather than dorsal route processing (e.g., Milner &
Goodale, 2008; Singhal et a., 2007; Westwood & Goodale, 2003). Accord-
ingly, one may expect that in the disappeared peripheral-target type condi-
tion, the attentional blink effect would also be exhibited in pointing
movement time and pointing accuracy for young adults. However, this study
did not observe increasing pointing movement time for dual-task conditions
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a Lag 1 when pointing to disappeared targets for either young or older
adults. This runs counter to what was expected. One critical difference
between the previous study by Singhal et al. (2007) and this study is the tim-
ing of the disappearance of the target. In Singhal et al.’s (2007) study, the
disappearance occurred earlier. Once the action planning has been com-
pleted, even when the target has disappeared upon action execution asis the
case in this study, the involved system may be the dorsal route, like in other
action conditions, rather than the ventral route. Furthermore, because the
disappeared peripheral target remained at the same location asin the station-
ary target condition, no new target location needed to be registered and no
movement needed to be corrected online. Thus, no attentional blink occurred
for older adults under this circumstance.

Aging and General Slowing

A general slowing hypothesis for aging has been put forwarded by a
number of studies that used various spatial attentional tasks. According to
thistheory, if aging resultsin general slowing, then one would expect to find
a deficit in performance independent of task conditions and time lags
between the first and the second targetsin the RSV P stream. That is, for both
single and dual-task conditions, there would be a downward shift in the data
between young and older adults across al lags. Although the results of this
study showed such a general decrease in performance across al threelagsin
the single-task condition, the performance decrease at Lags 1 and 3 were
even greater in the dual-task condition for older adults. Moreover, the point-
ing movement time (with or without logarithmic transformation) for dis-
placed peripheral targets produced a significant interaction with Age and
Task Condition at Lags 1 and 3. The results suggest that MT differencesin
pointing to displaced periphera targets between young and older adults at
Lags 1 and 3 were not simply due to general slowing. Therefore, a generd
slowing hypothesis is not sufficient to explain the present finding of the
increased attentional blink effect.

CONCLUSIONS

This study can be considered one of the pioneer studies examining older
adults' ability to perform two tasks in rapid succession in RSV P paradigms.
The results showed that older adults not only exhibited a larger attentional
blink effect when performing two perceptual tasks (e.g., identifying a digit),
but also when performing one identification task as well as one that required
adjusting online their pointing action to a displaced target.
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