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a b s t r a c t

To what extent does our visual-spatial attention change with age? In this regard, it has been previously
reported that relative to young controls, seniors show delays in attention-related sensory facilitation.
Given this finding, our study was designed to examine two key questions regarding age-related changes
in the effect of spatial attention on sensory-evoked responses in visual cortex––are there visual field
differences in the age-related impairments in sensory processing, and do these impairments co-occur
with changes in the executive control signals associated with visual spatial orienting? Therefore, our study
examined both attentional control and attentional facilitation in seniors (aged 66–74 years) and young
adults (aged 18–25 years) using a canonical spatial orienting task. Participants responded to attended
and unattended peripheral targets while we recorded event-related potentials (ERPs) to both targets
and attention-directing spatial cues. We found that not only were sensory-evoked responses delayed

in seniors specifically for unattended events in the left visual field as measured via latency shifts in the
lateral occipital P1 elicited by visual targets, but seniors also showed amplitude reductions in the anterior
directing attentional negativity (ADAN) component elicited by cues directing attention to the left visual
field. At the same time, seniors also had significantly higher error rates for targets presented in the left vs.
right visual field. Taken together, our data thus converge on the conclusion that age-related changes in

volve
stron
visual spatial attention in
these effects appear to be

. Introduction

Age-related changes in visual-spatial attention have been well
ocumented (e.g., Kok, 2000; Lincourt, Folk, & Hoyer, 1997), with
eniors showing marked deficits in the ability to modulate visual
ensory processing in a top-down manner (Curran, Hills, Patterson,

Strauss, 2001). However, the extent of these deficits remains
nclear. In particular, if seniors have sensory-related impairments

n visual-spatial attention, are these problems at a purely sensory
evel in visual cortex, or might they co-occur with impairments
n the volitional orienting of attention at an executive, control
evel? This possibility is not unfounded, as a general degrada-
ion of executive cognitive functioning is one of the hallmarks of

he human aging process (e.g., Flicker, Ferris, & Reisberg, 1993;
azzaley & D’Esposito, 2007; Koss et al., 1991; Nettelbeck &
abbitt, 1992) and attentional control processes in prefrontal cor-
ex are also known to decline with age (e.g., West & Schwarb,

∗ Corresponding author at: Department of Psychology 2136 West Mall Vancouver,
C, V6T 1Z4 Canada. Tel.: +1 604 822 3120; fax: +1 604 822 3120.

E-mail address: lindsay@psych.ubc.ca (L.S. Nagamatsu).

028-3932/$ – see front matter © 2011 Elsevier Ltd. All rights reserved.
oi:10.1016/j.neuropsychologia.2011.02.040
both sensory-level and executive attentional control processes, and that
gly associated with the left visual field.

© 2011 Elsevier Ltd. All rights reserved.

2006). Given these issues, we wanted to address two specific
questions regarding age-related changes in visual-spatial atten-
tion.

First, if seniors show impairments in the effect of visual spa-
tial attention on sensory processing in visual cortex, are there
visual field asymmetries in these impairments? The question arises
because aging has been specifically associated with a greater rate of
decline in cognitive functions localized in the right cerebral hemi-
sphere relative to the left (e.g., Cherry, Adamson, Duclos, & Hellige,
2005; Lux, Marshall, & Thimm, 2008). With respect to visual spa-
tial attention, the neurocognitive processes associated with spatial
orienting also show strong laterality effects, such as is manifest in
the strong prevalence of left visual neglect following damage to
the right cerebral hemisphere (e.g., Bublak, Redel, & Finke, 2006;
Reuter-Lorenz, Kinsbourne, & Moscovitch, 1990), and the ability
of the right hemisphere to orient attention to both visual hemi-
fields but the left hemisphere only to the right visual field (e.g.,

Mangun et al., 1994). Nevertheless, previous studies examining dif-
ferences in visual-spatial attention with age have collapsed data
across visual field (e.g., Curran et al., 2001; Lorenzo-Lopez et al.,
2002), thus leaving open the question of whether there may be
age-related visual asymmetries in visual-spatial orienting.

dx.doi.org/10.1016/j.neuropsychologia.2011.02.040
http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
mailto:lindsay@psych.ubc.ca
dx.doi.org/10.1016/j.neuropsychologia.2011.02.040
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Second, to what extent are the reported age-related deficits in
he effect of visual attention on sensory-level processing preceded
y complimentary deficits in the control of visual-spatial orienting

tself? In other words, given that executive control signals are the
ecessary antecedents to attention-related changes in visual sen-
ory responses (e.g., Corbetta & Shulman, 2002; Green & McDonald,
008; Hopfinger, Buonocore, & Mangun, 2000), are seniors showing
roblems relative to young adults only at a visual sensory level (e.g.,
urran et al., 2001), or might these problems in visual cortex co-
ccur with deficits in executive control of visual-spatial attention
s well?

To address these questions we had both young (under 30 years of
ge) and senior (over 65 years of age) participants perform a canon-
cal spatial orienting task (Posner, 1980) while we recorded their
rains electrical responses via event-related potentials (ERPs). For
ach trial participants maintained central fixation as a cue was pre-
ented centrally that predicted the visual field location (left or right
pper quadrant) of a pending target that required a simple manual
esponse indicating which side of fixation it was presented on. In
his paradigm, we assessed the neurocognitive processes under-
ying the control of attentional orienting by examining the ERP
esponses to the attention-directing cues, with data analysis focus-
ng on two components of interest, the early directing attentional
egativity (EDAN) and the anterior directing attentional negativ-

ty (ADAN). Both of these components are assessed by comparing
calp electrode locations ipsilateral vs. contralateral to the visual
eld indicated by the visual cue; electrode sites contralateral to
he cued hemifield are expected to yield more negative ERP ampli-
udes relative to the mirror ipsilateral sites (e.g., Green & McDonald,
006; Jongen, Smulders, & Van der Heiden, 2007; Seiss, Gherri,
ardley, & Eimer, 2007). In terms of what the components cap-
ure functionally, the EDAN is thought to reflect the evaluation
nd interpretation of an attention-directing cue (e.g., Jongen et al.,
007) and is widely distributed over the scalp typically around
80–320 milliseconds (ms) post-cue (e.g., Jongen et al., 2007; Seiss
t al., 2007; Talsma, Slagter, Nieuwenhuis, Hage, & Kok, 2005; Van
elzen & Eimer, 2003). In contrast, the ADAN is believed to reflect

he act of actually orienting attention itself to the cued location
nd is localized to frontal-central lateral sites at approximately
50–400 ms post-cue (e.g., Jongen et al., 2007; Seiss et al., 2007;
alsma et al., 2005; Van Velzen & Eimer, 2003).

In turn, we assessed the facilitatory effects of attention on sen-
ory/perceptual processing by comparing ERP responses to visual
argets as a function of whether they were in an attended (or cued)
s. unattended (or uncued) location. In particular, the sensory-
evel effects of visual spatial attention are typically measured via
wo main ERP components, the lateral occipital P1 and N1 com-
onents. The P1 typically peaks around 100 ms post-stimulus and

s believed to reflect the magnitude of the initial sensory-evoked
esponse in visual cortex, likely in the V3/V4 region (e.g., Heinze
t al., 1994; Woldorff et al., 1997), whereas the N1 typically peaks
round 170–200 ms post-stimulus and has been tied to the initial
erceptual/discriminative analysis of visual events (e.g., Vogel &
uck, 2000). For both components, the amplitude scales with the
mount of attention oriented to the visual field location of the ERP-
liciting stimulus (e.g., Handy & Mangun, 2000; Luck et al., 1994;
angun & Hillyard, 1991). At issue here was whether these effects

f attention on P1 and N1 amplitude would change with age, and
n particular, whether there would be any visual field asymmetries
n these age-related effects.
. Methods

.1. Participants

Fourteen community-dwelling seniors, aged 66–74 years (M = 69.3, SD = 2.67;
ll female) and fourteen undergraduates, aged 18–25 years (M = 20.86, SD = 1.96;
logia 49 (2011) 1670–1678 1671

10 female) participated. For the senior group, 14% had not received a high school
diploma, 36% had a high school diploma, 36% had a trades certificate or equivalent,
and 14% had a university degree. All senior participants were cognitively intact, as
indicated by Mini-Mental Status Examination (MMSE) scores above 26 (Folstein,
Folstein, & McHugh, 1975) (M = 28.71, SD = 0.99). One undergraduate participant
was left-handed and all participants had normal or corrected-to-normal vision.
All participants provided written informed consent and the reported research was
approved by the Clinical Research Ethics Board (CREB) at the University of British
Columbia.

2.2. Apparatus and stimuli

Trial sequence and timing are provided in Fig. 1. Stimuli were presented on
an 18 in. colour monitor placed 100 cm from the subject. Cues were 1.26◦ × 0.46◦ ,
presented at fixation, cueing either the left or the right target location. Targets,
which were 0.92◦ × 0.92◦ , appeared either in the left visual field or the right visual
field (target was 4.57◦ from the top of the screen, 11.31◦ from the bottom of the
screen, and 4.86◦ from the left/right edge of the screen) and remained on the screen
until a response was made. The cue predicted target location with 80% accuracy.
After a response was made, the next trial began immediately.

2.3. Procedure

The task required participants to indicate via button presses whether the target
appeared in the right visual field or left visual field, as quickly and accurately as
possible. Participants were instructed to press one button with their left hand if the
target appeared on the left, and another button with their right hand if the target
appeared on the right. There were 12 blocks all together, each with 76 trials (60
cued, 12 uncued, 4 catch). Each block lasted approximately 4 min. Participants were
instructed to keep their eyes on the central fixation point for the duration of the
experiment.

2.4. Electrophysiological recording and analysis

During task performance, electroencephalograms (EEGs) were recorded from
32 active electrodes (Bio-Semi Active 2 system) evenly distributed over the head.
All EEG activity was recorded relative to two scalp electrodes located over medial-
frontal cortex (CMS/DRL), using a second order low pass filter of 0.05 Hz, with a
gain of 0.5 and digitized on-line at a sampling rate of 256 samples-per-second. To
ensure proper eye fixation and allow for the correction and/or removal of events
associated with eye movement artifacts, vertical and horizontal electro-oculograms
(EOGs) were also recorded, the vertical EOG from an electrode inferior to the right
eye, and the horizontal EOG from an electrode on the right outer canthus. Off-line,
computerized artifact rejection was used to eliminate trials during which detectable
eye movements (>10), blinks, muscle potentials, or amplifier blocking occurred.
After artifact rejection, an average of 655 attended and 136 unattended trials were
included in the analysis for each participant.

Statistical quantification of ERP data was based on mean amplitude measures
relative to a −200 to 0 pre-stimulus baseline. Repeated-measures mixed-model
ANOVAs were used, which had unpooled error terms in order to account for poten-
tial violations of sphericity for factors having more than 2 levels, a conservative
approach that also controls for family-wise error rates (see Handy, Nagamatsu,
Mickelborough, & Liu-Ambrose, 2009). Electrophysiological analysis was performed
using ERPSS (UCSD; http://sdepl.ucsd.edu/erpss/doc/index.html), with electrode
sites for analysis chosen based on previous research on these well-studied com-
ponents (see below). In addition, because differences in latencies between young
adults and seniors have been reported (e.g., Curran et al., 2001; Gilmore, 1995)
amplitude analyses used latencies individually chosen based on group, according
to the peak latency for seniors and young adults separately in each groups’ grand
averaged waveforms.

3. Results

3.1. Behaviour

Reaction times (RTs) and accuracy were recorded during the
experiment and results are presented in Table 1 as a function
of group (senior vs. young) and trial type. Behavioural data was
analyzed in a mixed-model repeated measure ANOVA using SPSS
(Version 16 for MAC) with group (seniors vs. young) as a between-
subjects factor, and attention (cued vs. uncued) and visual field

(right vs. left) as within-subjects factors. For RTs, participants
were faster to respond to attended targets compared to unat-
tended targets. This pattern was confirmed via a main effect of
attention, F(1,26) = 31.55, p < 0.001. There was also a significant
attention × visual field interaction, F(1,26) = 8.48, p < 0.01. Specif-

http://sdepl.ucsd.edu/erpss/doc/index.html


1672 L.S. Nagamatsu et al. / Neuropsychologia 49 (2011) 1670–1678

Fig. 1. Stimulus displays presented to participants. The displays shown are examples o
equally in the left and right visual field, with target location cued in 80% of trials by the p

Table 1
Behavioural results for young and senior participants.a

Young adults Seniors

Mean SD Mean SD

Reaction timesb

Cued
Left vfc 337.53 (47.27) 449.45 (65.04)
Right vf 330.69 (53.35) 429.95 (59.15)

Uncued
Left vf 389.43 (46.93) 469.09 (66.79)
Right vf 407.90 (47.53) 524.30 (122.33)

Accuracyd

Cued
Left vf 1.14 (1.61) 0.64 (0.93)
Right vf 1.50 (1.87) 0.36 (0.74)

Uncued
Left vf 2.36 (2.56) 0.50 (0.85)
Right vf 2.57 (2.74) 0.07 (0.27)

a n = 14 in each group.
b Mean reaction times measured in milliseconds.
c Visual field.
d Accuracy measured as mean number of errors.
f the two different trial types: cued (top) and uncued (bottom). Targets appeared
receding arrow.

ically, the magnitude of the difference of RTs between attended
and unattended trials was larger in the right visual field compared
with the left. A main effect of group F(1,26) = 27.63, p < 0.001 indi-
cates that seniors were significantly slower to respond compared
with young controls. On average, seniors made significantly fewer
mistakes than their younger counterparts. This was confirmed
via a main effect of group, F(1,26) = 12.58, p = 0.002. Addition-
ally, there was a marginal visual field × group interaction for
accuracy, F(1,26) = 3.33, p = 0.08. While young adults performed
slightly better in the left visual field compared to the right,
seniors made disproportionally more errors in the left visual
field.

3.2. Electrophysiology

Sensory-perceptual effects of attention were assessed by ERPs
time-locked to visual targets. The ERP components measured for
assessing early visual processing were the P1 and N1, which are

the standard components used for measuring sensory gain (e.g.,
Mangun & Hillyard, 1991). In contrast, attentional control was
assessed by examining ERPs time-locked to the attention-directing
cues. The two components we focused on were the EDAN and the
ADAN, both of which have been associated with the control of visual
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a. Senior participants

b. Young participants

Left visual field   Right visual field

Left visual field   Right visual field

Ipsilateral

Ipsilateral

Contralateral

Contralateral

-200ms 200ms

2 uV

Cued
Uncued

Fig. 2. Grand-averaged ERP responses to targets for the P1 and N1 components in (a) senior and (b) young adults, as a function of visual field (left vs. right), laterality (ispilateral
vs. contralateral to the visual field of the target), and cueing (cued vs. uncued). Time window is from −200 ms pre-target (baseline) to 400 ms post-target. Amplitudes are
measured in �V. P1 amplitudes for seniors was measured at a time window of 120–160 ms post-target in the right visual field and 130–170 ms in the left visual field. P1
amplitude was measured for young adults at 125–165 ms post-target. The N1 component was measured at 160–200 ms and 170–210 ms post-target for seniors in the right
and left visual fields respectively. The N1 was measured at 165–205 ms post-target for young adults. There were no significant amplitude differences between seniors and
young adults for the P1 and N1 components.
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ttention (Green, Teder-Salejarvi, & McDonald, 2005; Jongen et al.,
007; Seiss et al., 2007).

.2.1. Sensory facilitation

.2.1.1. P1 amplitude. Grand-averaged ERP waveforms for the P1
omponent are presented in Fig. 2 and mean amplitudes are pro-
ided in Table 2. The P1 component was analyzed using electrode
ites that the P1 is typically measured at (e.g., Curran et al., 2001;
ongen et al., 2007; Mangun & Hillyard, 1991). We used OL+ and
R+, which were averages of electrodes over occipital/posterior

ites, with OL+ being P7, T7, and O1 and OR+ being P8, T8 and O2. The
ime windows used for measuring mean P1 amplitude was based on
he latency of the peak in each condition within each group’s grand-
veraged waveforms (i.e., seniors vs. young adults). In seniors, we
xamined the P1 in the right visual field at 120–160 ms post-target,
nd 130–170 ms in the left visual field. In young adults, both visual
elds were examined at 125–165 ms post-target. P1 amplitude
as examined using a mixed-model repeated-measures ANOVA
ith a between-subjects factor of group (senior vs. young), and
ithin-subjects factors of visual field (left vs. right), attention (cued

s. uncued), and laterality (ipsilateral vs. contralateral sites to the
isual field of the target).

The amplitude of the P1 was consistently larger for attended vs.
nattended targets in ipsilateral sites (Fig. 2). This was confirmed
ia a significant attention × laterality interaction, F(1,26) = 24.41,
< 0.001. In both visual fields, normal attention effects were seen

n sites ipsilateral to the visual field of the target, where attended
argets had a larger amplitude relative to unattended targets. In
ontrast, unattended targets had a larger amplitude than attended
argets in contralateral sites. There were no significant between-
roups effects, all p’s > 0.10.

.2.1.2. P1 latency. Latencies of the P1 are provided in Table 2.
lectrode sites for the P1 latency analysis were identical to those
sed for the amplitude analysis. Latencies for the P1 were chosen

ndividually on a subject-by-subject basis according to peak ampli-
ude within an expected time window for the P1 (e.g., Mangun

Hillyard, 1991), which was 100–200 ms post-target. P1 latency
as examined using a mixed-model repeated-measures ANOVA
ith a between-subjects factor of group (senior vs. young), and
ithin-subjects factors of visual field (left vs. right), attention (cued

s. uncued), and laterality (ipsilateral vs. contralateral sites to the
isual field of the target).

Increased latencies were exhibited by senior participants in
he left visual field (Fig. 2). This pattern was confirmed by a sig-
ificant group × visual field × attention interaction, F(1,26) = 7.33,
= 0.01. This three-way interaction was further examined by plot-

ing peak latencies as a function visual field and attention, separated
etween groups (Fig. 3). While young adults had longer latencies
or attended trials relative to unattended trials in both visual fields,
eniors showed an interaction between visual field and attention.
pecifically, unattended targets in the left visual field had delayed
atencies relative to all other conditions in our senior group.

.2.1.3. N1 amplitude. Grand-averaged ERP waveforms for the N1
omponent are presented in Fig. 2 and mean amplitudes are pro-
ided in Table 2. Electrode sites for the N1 were the same as those
sed for the P1 analysis (i.e., OL+ and OR+). The time windows used
ere based on the 40 ms window following the P1. For seniors,
e examined the N1 between 170–210 ms after target onset in

he left visual field and 160–200 ms in the right visual field. In

oung adults, the N1 was examined at 165–200 ms after target
nset in both visual fields. N1 amplitude was examined using a
ixed-model repeated-measures ANOVA with a between-subjects

actor of group (senior vs. young), and within-subjects factors of
isual field (left vs. right), attention (cued vs. uncued), and lat-
Fig. 3. Latency of the P1 component in young and senior participants as a function
of visual field (left vs. right) and cueing (cued vs. uncued). Latency measured in ms
post-target. Senior participants had a significantly delayed P1 latency in the left
visual field, relative to young adults.

erality (ipsilateral vs. contralateral sites to the visual field of the
target).

We found an attention × laterality interaction, F(1,26) = 24.22,
p < 0.001 (Fig. 2). Specifically, attended targets were more negative
than unattended targets measured at contralateral sites, whereas
unattended targets are more negative than attended targets at ipsi-
lateral sites. There were no between-groups differences for the N1
(all p’s > 0.10).

3.2.2. Attentional control
3.2.2.1. Early directing attentional negativity (EDAN). Grand-
averaged ERP waveforms for the EDAN are presented in Fig. 4
and mean amplitudes are presented in Table 2. We examined
the EDAN at electrode sites F7, F8, F3, F4, T7, T8, C3, C4, P3, P4,
P7, P8, O1, and O2, choosing these sites a priori based on where
the EDAN is canonically measured (e.g., Jongen et al., 2007; Seiss
et al., 2007; Talsma et al., 2005; Van Velzen & Eimer, 2003). The
latency used was 280–340 ms post-cue for seniors and young
adults, guided by previous research on the EDAN (e.g., Jongen
et al., 2007) and based on separate peaks identified for each group.
The EDAN was examined in a mixed-model repeated-measures
ANOVA with a between-subjects factor of group (senior vs. young),
and within-subjects factors of visual field (right vs. left), laterality
(ipsilateral vs. contralateral sites to the attended visual field), and
electrode site. Interactions involving electrode site as a factor are
omitted from our results because they are not directly relevant to
our main questions of interest.

All participants showed the presence of an EDAN, where sites
contralateral to the cued visual field were more negative in
amplitude compared to ispilateral sites (Fig. 4). This was con-
firmed via a main effect of laterality, F(1,26) = 7.45, p = 0.01. There
were no significant differences between seniors and young adults,
F(1,26) = 0.82, p > 0.10. To account for noisy electrodes, we re-ran
the EDAN analysis excluding electrodes P7/P8 and O1/O2 and
found no significant changes in the data pattern. Specifically, there
was still a main effect of laterality, F(1,26) = 4.93, p = 0.04, and no
between-groups differences, all p’s > 0.10.

3.2.2.2. Anterior directing attentional negativity (ADAN). Grand-
averaged ERP waveforms for the ADAN are presented in Fig. 4 and
mean amplitudes are presented in Table 2. Electrode sites and time

windows were chosen based on previously established norms for
examining the ADAN (e.g., Jongen et al., 2007; Seiss et al., 2007;
Talsma et al., 2005; Van Velzen & Eimer, 2003). The electrode
sites we used were F7, F8, F3, F4, C3, and C4. The latency ana-
lyzed for seniors was 375–430 ms post-cue and 345–400 ms for
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Table 2
Peak latencies and mean amplitudes for P1, N1, EDAN, and ADAN components.a

Component Group Visual field Laterality Cue Peak lat. Window Mean amp.

P1 Young Left Ipsi Cued 146.75 (8.90) 125–165 1.28 (1.08)
Uncued 131.97 (24.04) 125–165 −0.32 (1.32)

Contra Cued 134.76 (13.85) 125–165 −0.15 (1.66)
Uncued 141.73 (31.11) 125–165 0.74 (1.86)

Right Ipsi Cued 151.78 (23.18) 125–165 1.42 (1.77)
Uncued 136.43 (21.31) 125–165 −0.15 (2.14)

Contra Cued 137.83 (21.53) 125–165 0.46 (1.71)
Uncued 145.92 (20.30) 125–165 0.98 (2.14)

Seniors Left Ipsi Cued 153.17 (16.80) 130–170 0.37 (0.83)
Uncued 154.01 (23.87) 130–170 0.21 (1.68)

Contra Cued 132.48 (16.48) 130–170 0.18 (1.45)
Uncued 162.66 (26.91) 130–170 1.01 (1.54)

Right Ipsi Cued 149.82 (26.61) 120–160 0.38 (1.07)
Uncued 130.29 (24.64) 120–160 0.10 (2.20)

Contra Cued 144.79 (22.95) 120–160 −0.07 (0.96)
Uncued 140.34 (35.55) 120–160 0.95 (2.39)

N1 Young Left Ipsi Cued 165–205 0.13 (1.43)
Uncued 165–205 −0.19 (2.06)

Contra Cued 165–205 −1.15 (2.21)
Uncued 165–205 1.15 (2.14)

Right Ipsi Cued 165–205 0.72 (1.95)
Uncued 165–205 −0.96 (3.37)

Contra Cued 165–205 −0.17 (1.81)
Uncued 165–205 0.70 (2.20)

Seniors Left Ipsi Cued 170–210 0.56 (1.18)
Uncued 170–210 0.05 (1.73)

Contra Cued 170–210 −0.30 (1.65)
Uncued 170–210 1.74 (1.87)

Right Ipsi Cued 160–200 0.96 (1.26)
Uncued 160–200 −0.09 (2.59)

Contra Cued 160–200 −0.17 (0.88)
Uncued 160–200 1.77 (2.79)

EDAN Young Left Ipsi 280–340 0.17 (3.48)
Contra 280–340 −0.09 (3.71)

Right Ipsi 280–340 0.03 (3.19)
Contra 280–340 −0.14 (3.76)

Seniors Left Ipsi 280–340 1.03 (2.25)
Contra 280–340 0.66 (2.71)

Right Ipsi 280–340 1.46 (2.58)
Contra 280–340 0.97 (1.76)

ADAN Young Left Ipsi 345–400 −0.95 (3.62)
Contra 345–400 −1.01 (2.96)

Right Ipsi 345–400 −0.87 (2.85)
Contra 345–400 −1.38 (3.80)

Seniors Left Ipsi 375–430 1.29 (2.71)
Contra 375–430 1.16 (2.83)

Right Ipsi 375–430 2.35 (2.49)
Contra 375–430 0.91 (2.21)

roup.
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a Mean latencies and amplitudes (SD) for young adults and seniors, n = 14 per g
mplitude analysis; mean amp., mean amplitude, measured in �V.

oung adults, initially based on previous work on the ADAN (e.g.,
ongen et al., 2007), and refined based on peaks identified for each
roup separately. A mixed-model repeated-measures ANOVA with
between-subjects factor of group (senior vs. young), and within-

ubjects factors of visual field (right vs. left), laterality (ipsilateral
s. contralateral sites to the attended visual field), and electrode
ite was conducted. Any interactions involving electrode site as a
actor are not reported because they are tangential to the focus of
ur study.

Both groups of participants showed the presence of an ADAN,
ith larger amplitudes for contralateral sites relative to ipsilat-

ral sites (Fig. 4). This was verified by a main effect of laterality,

(1,26) = 19.80, p = 0.0001, where a greater negativity in amplitude
as found for contralateral sites to the attended visual field relative

o ipsilateral sites. Comparing seniors and young adults, there was a
ignificant group × hemisphere interaction, F(1,26) = 4.36, p = 0.05.

hile both groups had larger amplitudes for contralateral relative
Peak lat., peak latency, measured in milliseconds; window, time window used for

to ipsilateral sites, the difference in amplitude between the two
sites was reduced for seniors compared with young adults. Follow-
up analysis on seniors revealed a significant visual field × laterality
interaction, F(1,13) = 5.54, p < 0.04. While seniors showed normal
attentional control in the right visual field, the ADAN in the left
visual field was attenuated, with only a minor amplitude difference
between contralateral and ipsilateral sites.

4. Discussion

Our study examined two key questions regarding age-related

changes in the effect of spatial attention on sensory-evoked
responses in visual cortex––are there visual field differences in
the age-related impairments in sensory processing that have been
reported previously (e.g., Curran et al., 2001), and do these impair-
ments co-occur with changes in the executive control signals
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a. Senior participants

b. Young participants

Left arrows

Left arrows

Right arrows

Right arrows

Ipsilateral
Contralateral

-200ms +200ms

2 uV

Fig. 4. Grand-averaged ERP responses to cues for the EDAN and ADAN components in (a) senior and (b) young adults, as a function of visual field of arrows (right vs. left)
and laterality (ipsilateral vs. contralateral to cued visual field). Time window is from −200 ms pre-cue Visual spatial attention in seniors 26 (baseline) to 600 ms post-cue.
Amplitudes are measured in �V. The EDAN was measured at electrode sites F7, F8, F3, F4, T7, T8, C3, C4, P3, P4, P7, P8, O1, and O2 at a latency of 280–340 ms post-cue for
s ctrode
3 sual fi
b
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eniors and 280–340 ms post-cue for young adults. The ADAN was measured at ele
45–400 ms for young adults. The ADAN was significantly attenuated in the left vi
etween groups for the EDAN component.

ssociated with visual spatial orienting? In this regard, we found
hat not only were sensory-evoked responses delayed in seniors

pecifically for unattended events in the left visual field as mea-
ured via latency shifts in the lateral occipital P1 elicited by visual
argets, but seniors also showed amplitude reductions in the ADAN
omponent elicited by cues directing attention to the left visual
eld. At the same time, seniors also had significantly higher error
sites F7, F8, F3, F4, C3, and C4 at a latency of 375–430 ms post cue for seniors and
eld of seniors, as compared to young adults. There were no significant differences

rates for targets presented in the left vs. right visual field. Taken
together, our data thus converge on the conclusion that age-related

changes in visual spatial attention involve both sensory-evoked
and executive attentional control processes, and that these effects
appear to be strongly associated with the left visual field.

If sensory-evoked responses are specifically delayed in seniors
for unattended events in the left visual field, why might this be the
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ase? When Curran et al. (2001) reported a comparable effect in
eniors based on data collapsed across visual fields, they attributed
his latency shift––which was found in the P1 component at the
ame ipsilateral electrode sites we report here––to comparatively
lower inter-hemispheric transfer speeds in seniors vs. young con-
rols. While our findings are not inconsistent with this conclusion,
hat we found latency shifts in the P1 only for unattended events
n the left visual field suggests that visual attention itself may also
e a critical factor determining the speed of sensory responses in
eniors. In particular, we found a delayed P1 latency when a target
as presented in the left visual field but attention had been cued

t the start of the trial to the right visual field. This suggests that
eniors may have difficulty disengaging their visual spatial atten-
ion from the right visual field in response to the presentation of a
arget in the heretofore unattended left hemifield.

While our P1 data in seniors are thus consistent with selective
roblems in re-orienting attention to the left visual field, the ERPs
ime-locked to the attention-directing cues also point towards spe-
ific problems in the left visual field. To the point, both seniors and
oung controls showed comparable responses in the EDAN compo-
ent regardless of visual field, a component which has been linked
o the evaluation and interpretation of attention-directing cues
e.g., Jongen et al., 2007). This suggests that the cues themselves
ere being equitably evaluated regardless of the participants’ age

nd the visual field to which the cue was directing attention. In con-
rast however, seniors showed amplitude reductions in the ADAN
omponent elicited by cues to the left, relative to their responses
o right visual field cues and relative to the ADANs for both cue
irections in young controls. Given that the ADAN has been tied to
he actual control of orienting visual spatial attention itself (e.g.,
reen, Conder, & McDonald, 2008; Jongen et al., 2007; Seiss et al.,
007; but see Praamstra, Boutsen, & Humphreys, 2005), this would

ndicate that not only do seniors have difficulty re-orienting atten-
ion to the left visual field in response to unexpected events, but
hat they also show selective decrements in volitionally orienting
ttention to the left visual field in response to directional cues.

Importantly, these age-related changes in orienting visual spa-
ial attention to the left visual field, which we have construed as
impairments”, are not limited to the ERP measures we report
ere––we also found that seniors were significantly less accurate

n their behavioural responses to left vs. right visual field targets.
hile we cannot make definitive causal links between our ERP and

erformance results, the collective evidence nevertheless suggests
hat seniors have greater difficulty in orienting their attention to
he left vs. right visual field as measured not just by ERP indices
f attentional orienting processes, but also in the overt responses
hey make to events in this visual hemifield. Given this conclusion,
t’s also thus interesting to note that our results suggest that there

as a speed-accuracy trade-off between seniors and young adults.
eniors were slower to respond to targets, but were also more accu-
ate, relative to young adults. While we expected seniors to exhibit
elayed reaction times, their increased accuracy suggests that it
ay not be due to a general slowing in cognitive processing, but

ather an increase in conservativeness in order to avoid making
rrors (e.g., Ratcliff & McKoon, 2008). While all participants were
iven the same instructions to respond both quickly and accurately,
he performance differences that we observed between the two
roups may be attributed to different internal priorities between
eniors and young adults.

Performance issues aside, if our findings thus argue for age-
elated impairments in orienting visual spatial attention to the

eft visual field, what might be driving the constellation of effects

e report here? Recent evidence has suggested that aging is
pecifically associated with a greater rate of decline in the right
emisphere relative to the left. For example, hemispheric asymme-
ries with age have been found for a variety of cognitive domains,
logia 49 (2011) 1670–1678 1677

such as memory span (e.g., Cherry et al., 2005) and global process-
ing (e.g., Lux et al., 2008). Likewise, the neurocognitive processes
associated with visual spatial attention also show strong laterality
effects, such as is manifest in the strong prevalence of unilateral
neglect in the left relative to the right visual field (e.g., Bublak et al.,
2006; Reuter-Lorenz et al., 1990), and the ability of the right hemi-
sphere to orient attention to both visual hemifields but the left
hemisphere only to the right visual field (e.g., Mangun et al., 1994).
Pairing these two lines of evidence together, it would suggest that
the visual field asymmetries in age-related changes we report may
be associated with specific age-related declines in right hemisphere
processing.

In closing, we also note that there are several key control issues
to consider regarding our data. First, it is apparent in our results
that while normal attentional modulation of the P1 ERP compo-
nent is evident in sites measured ipsilateral to the visual field of the
target, the effects are notably reversed in both age groups at con-
tralateral sites. Why? In perceptually easy tasks, such as the basic
Posner cueing paradigm used in this study, cueing effects are shown
primarily in ipsilateral sites (e.g., Handy & Mangun, 2000; Kutas,
Iragui, & Hillyard, 1994; Onofrj, Thomas, Lacono, D’Andreamatteo,
& Paci, 2001). Thus it is not surprising that we did not observe
attention effects in the P1 at electrode sites contralateral to the
visual field of the target. Second, the ERP waveforms of the senior
participants are diminished, or “flattened out”. This attenuation of
visual-evoked potentials (VEPs) and ERPs in seniors concurs with
previous studies (e.g., Gilmore, 1995; Kutas et al., 1994; Nagamatsu,
Liu-Ambrose, Carolan, & Handy, 2009). Indeed, it has been sug-
gested that the “severely impoverished” P1 in seniors agree with
both fMRI evidence that seniors have decreased activity in primary
visual cortices, and behaviour declines exhibited in seniors in visual
perceptual abilities (Ceponiene, Westerfield, Torki, & Townsend,
2008). Based on this, the morphology of ERPs in our study are
consistent with those in previous studies using ERPs in seniors.
Lastly, the ERP waveforms time-locked to the attention-directing
cues in young adults are preceded by a large negative shift pre-
baseline. This contingent negative variation (CNV) is related to the
expectancy of stimulus onset (Walter, Winter, Cooper, McCallum,
& Aldridge, 1964). Importantly, comparisons of the CNV across the
lifespan have revealed larger expectancy effects in young adults vs.
seniors (e.g., Botzel, Mayer, Oertel, & Paulus, 2004; Michalewski
et al., 1980). Therefore, it is not surprising that we find similar
effects in our study.

5. Conclusions

Our results suggest that impairments in visual-spatial atten-
tion extend to both aspects of covert attention: attentional control
and attentional facilitation. Given the central importance of visual
attention to basic processes, such as perception and action, we
highlight the value of studying age-related changes in cognition
and attention in order to understand the basis of the many problems
associated with mobility, perception, and action.
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