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Effects of aging on visuospatial attention: an ERP study
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Abstract

The effects of aging on visuospatial attention were investigated with event-related brain potentials (ERPs). A central arrow
pointed towards (75% valid cues) or away from (25% invalid cues) the location of upcoming visual targets to which subjects made
two choice discriminations. Young and older adults responded faster following valid than invalid cues. The absolute magnitude
of the cueing effect was larger for older than young subjects, but cueing effects were similar between groups when estimated
proportionally to overall response time. Under the present conditions, the electrophysiological manifestations of visuospatial
attention were similar for young and older adults. Early ERP components following the target stimulus (P1, N1, Nd1) were slower
for older than young subjects, but amplitude was similarly affected by cueing in each group. The temporal correspondence
between component latencies and the observed cueing effects are consistent with theories positing that attention amplifies the
sensory gain of early perceptual processes. The observation that aging slowed latency of the ipsilateral but not the contralateral
P1, is consistent with age differences in interhemispheric transfer times. A broadly distributed 200–400 ms validity effect on ERP
amplitude was similar between groups in timing, spatial distribution, and magnitude. The 200–400 ms attention effect appeared
to be a modulation of the P3 in younger subjects, as earlier observed. However, the present study dissociated the 200–400 ms
attention effects from the P3 component because the P3 did not peak until 526 ms in older subjects. © 2001 Elsevier Science Ltd.
All rights reserved.
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1. Introduction

Our visual environment often confronts us with more
information than our brain can fully process. Visual
attention enables us to preferentially process information
from a selected location or object (reviewed in [49,50]).
Behavioral research has investigated the effects of adult
aging on visuospatial attention, but the results have been
somewhat mixed. Research with young subjects has
shown that event-related brain potentials (ERPs) can
provide useful information about visuospatial attention
processes (reviewed in [18,43]). In the present research,
we used ERP measures to further our understanding of
how aging impacts visuospatial attention.

Posner and colleagues developed a simple task for
studying visuospatial attention [54,56]. Each trial begins
with the presentation of a cue that directs attention
towards the possible location of an upcoming periph-
eral target. Valid cues direct attention to the correct
target location whereas invalid cues direct attention to
an incorrect location. Faster response times (RTs) to
targets following valid than invalid cues (‘cue validity
effects’) are considered indicative of attentional pro-
cesses. The attentional processes are typically consid-
ered ‘covert’ because subjects are told to avoid eye
movements and maintain a central visual focus through
the cue and target periods. Cue validity effects vary
with the duration between cue and target onsets (stimu-
lus onset asynchrony, SOA) and the nature of the cue
(e.g. [35,46,55,68]). Spatially informative peripheral
cues at potential target locations are thought to engage
involuntary, automatic, exogenous attention processes.

* Corresponding author. Present address: Department of Psychol-
ogy, University of Colorado, Campus Box 345, Boulder, CO, 80309-
0345, USA. Tel.: +1-303-4925040; fax: +1-303-4922967.

E-mail address: curran@psych.colorado.edu (T. Curran).

0000-0000/01/$ - see front matter © 2001 Elsevier Science Ltd. All rights reserved.
PII: S 0 0 2 8 -3932 (00 )00112 -3



T. Curran et al. / Neuropsychologia 39 (2001) 288–301 289

Centrally located symbolic cues (e.g. arrows) depend
upon voluntary, endogenous processes. Cueing effects
tend to be maximal at shorter SOAs for peripheral
cues, but maximal at longer SOAs for central cues.

Posner’s task has been used to study the effects of
adult aging on visuospatial attention, but the results
have been somewhat inconsistent. Some investigators
have reported that aging affects attention with central
cues more than with peripheral cues [4,19,23,25], but
one group has reported the opposite pattern (with short
SOAs: 100–350 ms, [38]). Under central cueing condi-
tions age-related deficits are more often observed with
short than long SOAs [4,25,31]. Other studies have
found similar cueing effects for older and young sub-
jects at short SOAs, but larger cueing effects for older
than young adults at longer SOAs [23,25]. Greenwood
et al. [23] found that validity effects increased with age
only for a two choice RT task at long SOAs (500 and
2000 ms), but not for a shorter SOA (200 ms) or a
simple target detection task (all SOAs). Folk and Hoyer
[19] observed larger validity effects for young than
older adults when the cue was a small central arrow,
but no group differences, when a larger arrow was
slightly shifted towards the pointed direction (SOAs
between 50 and 250 ms). In summary, many variables
influence the measurement of age-related changes in
attention, but it is difficult to reach clear general
conclusions.

Slower responding by older than young subjects
could also contribute to the ambiguity of earlier re-
search. Age-related slowing of information processing
has figured prominently in theoretical accounts of cog-
nitive aging (e.g. [7,47,58]). In addition to theoretical
indications that processing speed influences cognitive
processes, there are measurement problems associated
with comparison of groups differing on overall perfor-
mance [8]. Chapman et al. [8] showed that the expected
value of a RT difference score (e.g. invalid RT–valid
RT) increases with overall RT. Thus, RT difference
scores tend to be larger for slow than fast individuals or
groups.

Overall slowness effects have been recognized, at
least implicitly, in studies of age-related changes in
attention that have measured validity effects propor-
tionally to overall response time ([RTInvalid−RTValid]/
RTValid, [25,62]). However, proportions only correct for
slowing if it is assumed that the regression of the
difference score on overall slowness is linear with an
intercept of zero [8]. One study suggested that age-re-
lated slowing contributed to as much as 93% of the
variance in the validity effects observed with central
cues [38]. Lincourt et al. [38] constructed a Brinley plot
in which condition means of young and older groups
are plotted against each other [3]. Lincourt et al. [38]
plotted 10 means (valid at 5 SOAs+ invalid at 5 SOAs)
that were fit by a regression line accounting for 93% of

the variance. Regression analyses (including Brinley
plots and proportions) are limited because they provide
no means for differentiating between slowing effects
attributable to processing differences versus measure-
ment artefact. ERP indices of attention may be useful
because they sidestep problems associated with the
measurement of RT differences.

Event-related brain potentials (ERPs) are sensitive to
cue validity in variants of Posner’s spatial cueing task
(reviewed in [18,43]). Most studies have recorded ERPs
that coincide with processing of the target rather than
the cue (exceptions include [24,67]), so hereafter ERPs
can be assumed to be target-related unless otherwise
specified. Mangun and Hillyard [41] found that the
validity of central cues impacted the P1 and N1 compo-
nents recorded over occipital scalp regions in conjunc-
tion with target presentation. P1 and N1 are the earliest
positive amplitude (P1: about 100 ms after stimulus
onset) and negative amplitude (N1: about 160 ms) ERP
components that are reliably elicited by visual stimuli.
The P1 and N1 are generally thought to reflect activity
of early perceptual processes, so associated validity
effects suggest that visuospatial selection can occur at
relatively early stages of visual information processing
[27,39,41]. The P1 validity effect has been observed in
both simple (speeded detection) and two choice (discri-
minitive responding) conditions, but the N1 effect is
only observed with discriminitive responding [44,41].
Therefore, the P1 may reflect earlier stages of visual
analysis than the N1. In turn, the N1 may index visual
identification processes [27,44,41]. Based on studies co-
registering ERPs with PET, it is been proposed that the
P1 originates from ventral, extrastriate visual cortex
[26,45]. Localization of the N1 generator is less certain,
but the N1 attention effect, like the P1, is specific to the
visual modality, so a visual cortical locus is likely [18].
In contrast, two other attention-related negative differ-
ences are similar in visual and auditory modalities (Nd1
and Nd2, [18]). Nd1 is a greater negativity following
invalid than valid cues that is maximal over midline
centroparietal recording sites (Cz, Pz) between 140 and
190 ms [17,18]. Nd2 is a greater negativity following
invalid than valid cues that is distributed more frontally
between 220 and 300 ms [17,18]. The Nd2 is part of a
broader ‘late positive deflection’ that also includes the
P300. P300 amplitude typically is more positive for
invalid than valid conditions [17,41].

The goal of the present research was to investigate
age-related changes in attention by measuring ERPs
during Posner’s covert spatial cueing task. Earlier re-
search indicates that aging effects vary with a number
of experimental variables (e.g. SOA, central versus pe-
ripheral cues, simple versus choice RT). Choice of the
present design parameters was primarily based on simi-
larity to other studies recording reliable ERP effects
[17,41]. Thus, the current experiment used a central
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arrow cue, 795 ms SOA, and a two choice target
discrimination task. Given these task parameters, we
will briefly review the results of aging studies with
similar designs. In two experiments no differences were
detected between the RT validity effects of older and
young adults (SOA=800 ms [4]; and 750 ms [31]). Two
other groups found that invalid–valid RT differences
were larger for older than young subjects (both
SOAs=500 [23,25]). Hartley et al. [25] additionally
reported that cueing effects were larger for older than
young adults when expressed as a proportion of valid
RTs. Thus, under the present conditions, RT attention
effects have been unaffected or enhanced by aging.

2. Method

2.1. Subjects

Two groups of right-handed subjects participated in
the experiment. Young subjects were 24 students at
Case Western Reserve University (12 males, 12 females;
mean age9S.D.=23.294.4 years, range: 18–36
years). Young subjects participated to fulfill an in-
troductory psychology research requirement or were
graduate student volunteers. Older subjects were 30
healthy individuals (11 males, 19 females; 71.697.1
years, range: 57–84 years) recruited from the commu-
nity and the Research Registry of the Alzheimer Center
(UAC) of University Hospitals and Case Western Re-
serve University. Older subjects were paid $30 for their
participation. Mini-Mental State Examination (MMSE,
[20]) scores for 22 of the 30 older subjects were avail-
able from the UAC database (mean MMSE score9
S.D.=29.091.0, range: 26–30).

Subjects were discarded because of excessive eye
movements or EEG recording problems (as detailed in
‘EEG Data Reduction’) and testing continued until 16
acceptable subjects were obtained in each group. The
mean age (9S.D.) of the 16 young subjects was 22.49
4.0 years (range: 18–30 years; nine males, seven fe-
males). The 16 older subjects were 69.897.8 years old
(range: 57–84 year; seven males, nine females). The
mean acuity for the sample of older subjects for which
there was usable data was 20/46922, range: 20/20–20/
100. MMSE scores were available for 12 of the 16 older
subjects with usable data (29.290.8, range: 28–30).

2.2. Design and procedure

Each session lasted approximately 1.5–2 h. After
obtaining informed consent, the Lighthouse Near Vi-
sual Acuity Test (second edn., Lighthouse, 1992) was
administered to all older subjects (from 40 cm). Next,
the subjects were given instructions for the experimental
task and completed a block of practice trials. Applica-

tion of the Geodesic Sensor Net followed the practice.
Each trial included a central arrow (left or right) that

was followed by a peripheral target (square or circle).
The arrow pointed towards the upcoming target loca-
tion on valid trials (75%) and in the opposite direction
on invalid trials (25%). Subjects were asked to maintain
central fixation and press one of two response keys,
according to the target identity.

Event timing was synched to the refresh cycle of the
display monitor (15 ms per cycle). The trial events
occurred in the following order (event duration in ms),
(1) central fixation cross (randomly varying from 225 to
590 ms); (2) central arrow (300 ms); (3) central dot (495
ms); (4) peripheral target (105 ms). A 2 s EEG collec-
tion epoch began 195 ms prior to arrow onset. The
cue-target onset asynchrony (SOA) was 795 ms. Eight
within-subject conditions were obtained by combining
— two arrow directions (left, right), two target loca-
tions (left visual field (LVF), right visual field (RVF)),
and two targets (square, circle). The arrow pointed
towards the subsequent target location on valid trials,
and pointed in the opposite direction on invalid trials.
Each arrow, location, and target type occurred equally
often in valid and invalid conditions.

The experiment included 24, 17-trial blocks. Since
movement artefact is common at the beginning of each
block, the first trial of each block (randomly selected
from one of the valid conditions) was not included in
analyses. Of the remaining 16 trials, 12 were valid and
four invalid. Thus, cues were valid on 75% of trials
(76% including the first valid trial of each block).
Presentation order was randomly determined with the
constraint that no more than three consecutive trials
occurred in the same arrow× location× target
condition.

Subjects responded with the first two fingers of the
right hand on two vertically aligned response keys.
They pressed one key for squares and another for
circles. Assignment of response keys (lower, upper) to
targets (circle, square) was counterbalanced across sub-
jects. Subjects were instructed to avoid blinking or
unnecessary movement, keep their eyes fixed on the
center of the screen, and press the correct key as
quickly and accurately as possible. Subjects were in-
formed that the arrow would sometimes point towards
the location of the upcoming target and other times
would point in the opposite direction.

2.3. Stimuli and apparatus

Stimulus presentation and response collection were
controlled by a Macintosh computer and a 14 in. Apple
Multiscan Color Monitor. White stimuli were projected
onto a black background. Viewing distance was 45 cm.
Circles (radius=0.5 cm, area=0.79 cm2, visual an-
gle=1.1°) and squares (side=0.9 cm, area=0.84 cm2,
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Table 1
Mean accuracy (P [acc]) and response time (RT, ms)

Right visual field Both visual fieldsLeft visual field

Valid ValidInvalid Valid InvalidInvalid

0.990.990.990.99Older 0.98 0.99P [acc]
0.98 0.98 0.96 0.98 0.97Young 0.98

582578 623 586 620RT Older 616
436455433Young 453440458

visual angle=1.0°) were similar sizes. The central dot
(appearing between cue and target) illuminated a 4×4
square of pixels (side=0.14 cm, area=0.02 cm2, visual
angle=0.2°). The fixation cross was 0.60 cm in height
and width (visual angle=0.8°). The central arrow was
1.31 cm wide (visual angle=1.7°) and 0.84 cm high
(visual angle=1.0°). Peripheral targets were 6.5° hori-
zontal from the screen center. Stimuli were presented
approximately at eye level vertically.

Scalp voltages were collected with a 128-channel
Geodesic Sensor NetTM [63] connected to an AC-cou-
pled, 128-channel, high input impedance amplifier (200
MV, Net AmpsTM, Electrical Geodesics Inc., Eugene,
OR). Amplified analog voltages (0.1–100 Hz bandpass)
were digitized at 250 Hz. Recorded voltages were refer-
enced to a vertex channel. Individual sensors were
adjusted until impedances were less than 50 kV.

2.4. EEG data reduction

ERPs were computed for each subject in four pri-
mary experimental conditions (collapsing across circle
and square targets): valid/LVF, valid/RVF, invalid/
LVF, invalid /RVF. Post-target ERP activity was of
primary interest, pre-target activity was used to moni-
tor eye movements. ERPs were baseline-corrected with
respect to a 100 ms pre-target interval and digitally
low-pass filtered at 40 Hz. An average-reference trans-
formation was used to minimize the effects of reference-
site activity and accurately estimate the scalp
topography of the measured electrical fields
[2,10,11,37,51,64].

Only correct trials were included in the ERPs. Trials
were dropped from ERP averaging if they contained
eye movements (vertical or horizontal EOG channel
differences greater than 70 mV) or more than five bad
channels (changing more than 50 mV between samples,
or reaching amplitudes over 100 mV). Trials with pre-
target saccades were rejected if the horizontal EOG
(HEOG) was greater than 70 mV. Data from individual
channels that were consistently bad for a given subject
were replaced using a spherical interpolation algorithm
[61]. The median number of replaced channels was 1.00
for young subjects (mode=1, range=0–2) and 2.00

for older subjects (mode=2, range=0–3). A non-
parametric Mann–Whitney U test indicated that the
number of bad channels did not significantly differ
between groups (U=93.50, P=0.19).

Data from eight young (33%) and 14 older (47%)
subjects were discarded. Most of these subjects were
excluded because pre-target ERPs indicated consistent
lateral eye movements towards the arrow direction
(older, n=10; young, n=4). These subjects were iden-
tified by visual inspection of the pre-target waveforms
— showing divergent voltages for leftward and right-
ward arrows over HEOG channels (125 and 128, lo-
cated over the right and left frontal processes of the
zygomatic bones). HEOG to leftward and rightward
arrows was calculated for the remaining subjects as the
difference between channels 125 and 128. Mean HEOG
within the cue-onset to target-onset period was 1.13 mV
for older subjects (S.D.=0.71, range: 0.20–2.70) and
0.86 mV for young subjects (S.D.=1.01, range: 0.20–
4.56)1. Subjects were also excluded if they had less than
16 acceptable trials within any of the four primary
conditions (older, n=4; young, n=4). The mean num-
ber of acceptable trials per subject per condition was
well above the 16-trial rejection criterion (young sub-
jects: invalid/left=33, invalid/right=33, valid/left=
96, valid/right=97; older subjects: invalid/left=34,
invalid/right=35, valid/left=102, valid/right=101).

3. Results

3.1. Beha6ioral results

Behavioral results are present in Table 1. Accuracy
was high overall, but numerically higher for older sub-
jects than young. To reduce the negative skew of the
accuracy distribution, an arcsine transformation (2 arc-

sine
P) was applied to the proportion correct prior to

1 One young subject with mean HEOG of 4.56 mV was somewhat
of an outlier (greater than 3.5 S.D. above the mean). The next highest
mean for a young subject was 1.08 mV. Mangun and Hillyard [41]
found that 1.08° horizontal saccades resulted in mean HEOG ampli-
tudes from 12 to 13 mV, so even this outlier showed mean HEOG well
below a level indicating consistent eye movements towards the targets
(6.5° eccentricity in the present experiment).
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a group×cue (valid, invalid)×visual field ANOVA.
There was a marginal group effect, F(1, 30)=3.06,
MSE=0.14, P=0.09, and a significant three way inter-
action, F(1, 30)=4.21, MSE=0.02, PB0.05. The
three-way interaction primarily reflected the observa-
tion that cue validity affected only young subjects’
accuracy within the right visual field, though a post hoc
t-test (young/RVF/valid versus young/RVF/invalid)
was only marginally significant (t(15)=2.03, S.E.=
0.05, P=0.06, two tailed).

Reaction times were analyzed for only correct trials.
Trials deviating by more than 3.5 S.D. from each
subject’s mean were excluded as outliers. A group×
cue×visual field ANOVA indicated that young were
faster than older subjects, F(1, 30)=26.32, MSE=
29 170, PB0.001. Subjects were faster on valid than
invalid trials, F(1, 30)=54.85, MSE=470, PB0.001.
The groups interacted with respect to both visual field,
F(1, 30)=5.00, MSE=308, PB0.05; and cue, F(1,
30)=5.82, MSE=470, PB0.05. The young were
faster responding to RVF than LVF targets, but older
subjects showed the opposite pattern. When each group
was considered separately, the small visual field differ-
ences were not significant (older: F(1, 15)=2.72,
MSE=351; young=F(1, 15)=2.29, MSE=267; both
P\0.10). In contrast, the cueing effect was highly
significant for each group separately (older: F(1, 15)=
27.03, MSE=839; young: F(1, 15)=57.82, MSE=
101; both PB0.001).

The group by cue interaction suggested that the
cueing effect was larger for older than young subjects.
To minimize the influence of overall RT differences,
proportional cueing scores were computed as

P=
RTinvalid−RTvalid

(RTinvalid* Pinvalid+RTvalid* Pvalid)

The proportions Pinvalid and Pvalid were 0.25 and 0.75. A
group×visual field ANOVA on these proportional
cueing scores (older in LVF=0.06, older in RVF=
0.06, young in LVF=0.04, young in RVF=0.05) re-
sulted in no significant effects. Only the group effect
approached significance, F(1, 30)=2.29, MSE=0.003,
P=0.14.

3.2. ERP results

Analyses focused on ERP components that have
been affected by visuospatial cueing in similar experi-
ments (e.g. [17,41]). These studies have shown that the
mean amplitude of the P1, N1, Nd1, Nd2, and P3
components differs between valid and invalid condi-
tions. Electrode sites were chosen from earlier research.
Peak latency analyses were conducted prior to ampli-
tude analyses, and selection of amplitude windows was
guided by the latency analyses (as detailed separately
for each component). The peak latencies and mean

amplitudes for the P1, N1, and P3 components are
shown in Table 2. Nd1 and Nd2 mean latencies are
omitted from Table 2 because the component peaks
were not identifiable in individual subjects, so means
could not be computed. Alpha levels for ANOVAs were
adjusted according to the conservative Geisser–Green-
house procedure for sphericity violations [66].

3.3. P1 component

Mangun and Hillyard [41] found that the mean am-
plitude of the P1 (90–130 ms) was larger for valid than
invalid conditions over left and right occipital recording
sites (OL and OR). OL and OR approximately corre-
spond to electrodes 65 and 91 (see Fig. 1). Due to the
high spatial sampling density of the present experiments
(i.e. 128 electrodes, approximately 2 cm apart), more
reliable occipital ERPs were obtained by averaging
across a number of nearby electrodes. OL+ is defined
as the ERP average of channels 58, 59, 64, 65, 66, 70,
and 71. OR+ is the ERP average of channels 84, 85,
90, 91, 92, 96, and 97. The visual fields (LVF, RVF)
and hemispheres were combined into contralateral and
ipsilateral conditions (following [17]). The contralateral
condition averages across ERPs to RVF targets at
OL+ and LVF targets at OR+ . The ipsilateral condi-
tion averages across ERPs to RVF targets at OR+
and LVF targets at OL+ . The contralateral and ipsi-
lateral ERPs are plotted in Fig. 2.

A group (older, young)×cue× (invalid, valid)× lat-
erality (contralateral to target, ipsilateral to target)
ANOVA was conducted on peak latencies (see Table
2). The contralateral P1 peaked earlier than the ipsilat-
eral P1, F(1, 30)=212, MSE=170, PB0.001; and the
laterality effect interacted with group, F(1, 30)=10.51,
MSE=170, PB0.01. The group by laterality interac-
tion reflects the fact that aging affected the latency of
the ipsilateral P1 (older subjects slower than young),
but not the contralateral P1. The only other effect to
approach significance was the cue by group interaction,
F(1, 30)=2.93, MSE=141, P=0.09.

The group by laterality interaction indicates that
aging significantly slowed the ipsilateral P1 but not the
contralateral P1. This may indicate that the first source
of age-related slowing occurred temporally between the
contralateral P1 (92–96 ms peak latency) and the ipsi-
lateral P1 (120–136 ms peak latency). Follow-up analy-
ses were intended to better understand this interaction.
Separate ANOVAs indicated slower ipsilateral P1 la-
tency for older than young subjects, F(1, 30)=8.05,
MSE=266, P=0.01, but age did not affect contralat-
eral P1 latency, F(1, 30)=B1, MSE=346. Compar-
ing the MSE for the contralateral P1 (346) and the
ipsilateral P1 (266) suggests that failure to detect a
contralateral P1 difference could be attributable to
greater variability. However, mean latency differences
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Table 2
Peak latencies and mean amplitudes for P1, N1, Nd1, Nd2, and P3 componentsa

Location Cue Peak lat. (ms) Window (ms) Mean amp. (mV)Component Group

Contralateral InvalidP1 92Older 72–112 0.36
Valid 96 76–116 0.02

Ipsilateral Invalid 132 112–152 0.67
Valid 136 116–156 0.97

Young Contralateral Invalid 96 76–116 0.47
Valid 96 76–116 0.57

Ipsilateral Invalid 128 108–148 1.11
Valid 120 100–140 1.37

Contralateral Invalid 192 152–232N1 −2.99Older
Valid 192 152–232 −3.33

Ipsilateral Invalid 200 160–240 −1.67
Valid 200 160–240 −1.88

Contralateral Invalid 180Young 140–220 −2.04
Valid 180 140–220 −2.16

Ipsilateral Invalid 188 148–228 −1.22
Valid 188 148–228 −1.37

OlderNd1 LVF Invalid 148–208 0.88
Valid 148–208 0.43

RVF Invalid 148–208 0.63
Valid 148–208 0.30

LVF Invalid 140–200 1.04Young
Valid 140–200 0.57

RVF Invalid 140–200 0.94
Valid 140–200 0.60

LVF InvalidOlder 280–340Nd2 3.41
Valid 280–340 2.22

RVF Invalid 280–340 3.00
Valid 280–340 2.16

Young LVF Invalid 220–280 3.34
Valid 220–280 2.03

RVF Invalid 220–280 3.13
Valid 220–280 2.14

LVF Invalid 508 408–608P3 3.33Older
Valid 546 446–646 3.45

RVF Invalid 505 405–605 2.81
Valid 546 446–646 3.09

LVF Invalid 392Young 292–492 3.90
Valid 404 304–504 3.43

RVF Invalid 372 272–472 3.62
Valid 401 301–501 3.15

a P1 and N1 statistics were averaged across left occipital (OL+=mean of channels 58, 59, 64, 65, 66, 70, and 71) and right occipital
(OR+=mean of channels 84, 85, 90, 91, 92, 96, and 97) regions. Contralateral statistics were averaged across ERPs to RVF targets at OL+ and
LVF targets at OR+. Ipsilateral statistics were averaged across ERPs to LVF targets at OL+ and RVF targets at OR+. Nd1, Nd2, and P3
statistics were averaged across midline frontal (Fz+: mean of channels 5, 6, 11, 12), central (Cz+: mean of channels 7, 32, 55, 81, 107, VREF),
and parietal (Pz+: mean of channels 61, 62, 67, 68, 73, 78, 79) regions. Peak lat., is peak latency. Window is the temporal interval used to
calculate mean amplitude. Amp., is amplitude. LVF is left visual field. RVF is right visual field.

did not suggest a trend for age-related slowing of the
contralateral P1 (older=94 ms, young=96 ms). The
power (1–b) of the present experiment to detect a
contralateral P1 difference as large as the observed
ipsilateral P1 difference was 0.82 (a=0.05).

Mean P1 amplitudes were computed within 40 ms
windows that bounded the mean latencies in each con-
dition (see Table 2). A group (older, young)×cue
× (invalid, valid)× laterality (contralateral, ipsilateral)
ANOVA indicated that mean amplitude was more pos-
itive over the ipsilateral than contralateral hemisphere,

F(1, 30)=24.67, MSE=0.59, PB0.001. The cueing
effect interacted with laterality such that P1 amplitude
was higher for valid than invalid trials only over the
ipsilateral hemisphere, F(1, 30)=8.67, MSE=0.15,
PB0.01. The group×cue× laterality interaction ap-
proached significance, F(1, 30)=2.93, MSE=0.15,
P=0.10.

Follow-up ANOVAs examined the contralateral and
ipsilateral P1s separately. Cueing interacted across the
groups for the contralateral P1, F(1, 30)=5.23,
MSE=0.14, PB0.05. Within-group analyses suggested
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Fig. 1. Sensor locations on the 128-channel Geodesic Sensor Net. The approximate sensor locations were projected onto a 3D head model from
which these 2D images were taken. Sensors appear more closely spaced at the edges because depth is lost in the 2D images, but actual electrode
spacing is approximately equidistant throughout. Different symbols are used to denote channels within each of the eight spatial regions used in
the 200–400 ms ANOVA. The tables define each symbol along with the abbreviations used for each region. Midline electrodes are denoted with
diamond-shaped symbols. VR, vertex reference.

no validity effect for young F(1, 15)B1, MSE=0.18;
but the contralateral P1 was more positive to targets
following invalid than valid cues for older subjects, F(1,
15)=8.70, MSE=0.10, PB0.01. This cueing effect
was opposite of typically reported affects on the P1
(e.g. [14,16,44,41]). A validity effect appeared in the
usual direction (valid\ invalid) for the ipsilateral P1,
F(1, 30)=5.84, MSE=0.22, PB0.05; and did not
interact across the groups (FB1).

3.3.1. N1 component
The N1 analyses also focused on the OL+ and

OR+ regions (see Fig. 2). Peak latency was shorter for
young than older subjects, F(1, 30)=9.00, MSE=465,
PB0.01; and shorter contralaterally than ipsilaterally,
F(1, 30)=27.90, MSE=62, PB0.001. No other effects
approached significance (all FB1).

Mean N1 amplitudes were computed within 40 ms
windows bounding the mean latencies in each condition
(see Table 2). The N1 was more negative following
valid than invalid cues, F(1, 30)=4.82, MSE=0.28,
PB0.05, and more negative contralaterally than ipsi-
laterally, F(1, 30)=56.85, MSE=0.67, PB0.001. The
cueing effect marginally interacted across with lateral-
ity, F(1, 30)=3.90, MSE=0.67, P=0.06. Considered
separately, the contralateral cueing effect was signifi-
cant, F(1, 30)=5.24, MSE=0.16, PB0.05; but the
ipsilateral cueing effect was not, F(1, 30)=2.29,
MSE=0.23, P=0.14. The group×cue interaction did
not approach significance, F(1, 30)B1, MSE=0.28.

3.3.2. Nd components
Eimer [14,17] has identified Nd1 and Nd2 compo-

nents that are more negative for valid than invalid
conditions at midline electrodes (Pz, Cz, Fz). The Nd1
has been reported to be maximal at the midline parietal
(Pz) and central sites (Cz) between about 140 and 190
ms. The Nd2 has been recorded over these same sites
but is also frontally prominent (Fz) between about 220
and 300 ms. Again, we capitalized on the high sampling
density of the 128-channel Net to define local electrode
groups that approximated Fz (Fz+ : mean of channels
5, 6, 11, 12), Cz (Cz+ : mean of channels 7, 32, 55, 81,
107, VREF), and Pz (Pz+ : mean of channels 61, 62,
67, 68, 73, 78, 79; see Fig. 1).

The Nd1 and Nd2 components were identified by
visual inspection of the grand average ERPs (Fig. 3).
Corresponding valid–invalid difference waveforms are
shown in Fig. 4 (averaged across left and right visual
fields). For young subjects, the timing of the present
Nd1 (140–200 ms) and Nd2 (220–280) windows corre-
sponded well with earlier reports [14,17]. We had no a
priori basis for temporally delineating the Nd compo-
nent in older subjects. Visual inspection suggested a
slightly delayed N1d (148–208 ms) and a considerably
delayed Nd2 (280–340 ms). Formal latency analyses
were not attempted because these components were not
clearly identifiable in individual subjects (hence, the
omission of mean latencies from Table 2).

A group×cue×visual field× location (Pz+ , Cz+ ,
Fz+ ) ANOVA was conducted on mean Nd1 ampli-
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tudes. The present analyses included visual field as an
independent variable rather than laterality (as for P1
and N1) because the Nd components are recorded over
hemispheric midline locations. Nd1 was more negative
following valid than invalid cues, F(1, 30)=23.28,
MSE=0.64, PB0.001; and the cueing effect interacted
across locations, F(2, 30)=7.20, MSE=0.37, PB0.01.
The cueing effect was larger at Pz+ and Cz+ than
Fz+ (consistent with [17]). Group did not interact with
cueing (FB1).

A group×cue×visual field× location ANOVA was
conducted on mean Nd2 amplitudes. Nd2 was more
negative following valid than invalid cues, F(1, 30)=
93.83, MSE=1.20, PB0.001; and the cueing effect
tended to be larger for LVF than RVF targets, F(1,
30)=4.13, MSE=0.67, P=0.05. The cueing effect
interacted across locations, F(2, 30)=14.86, MSE=
0.44, PB0.001, such that it was larger near Fz+ and
Cz+ than Pz+ (consistent with [17]). Finally, there
was a significant cue×group× location interaction,
F(2, 30)=5.29, MSE=0.44, PB0.05. The three way
interaction implied that group differences in the Nd2

Fig. 3. Grand-average, average-referenced ERPs from midline frontal
(Fz+ : mean of channels 5, 6, 11, 12), central (Cz+ : mean of
channels 7, 32, 55, 81, 107, VREF), and parietal (Pz+ : mean of
channels 61, 62, 67, 68, 73, 78, 79) regions ERPs are averaged across
LFV and RVF targets.

Fig. 2. Grand-average, average-referenced ERPs from left occipital
(OL+ =mean of channels 58, 59, 64, 65, 66, 70, and 71) and right
occipital (OR+ =mean of channels 84, 85, 90, 91, 92, 96, and 97)
regions. The contralateral figure (top) averages across ERPs to RVF
targets at OL+ and LVF targets at OR+ . The ipsilateral figure
(bottom) averages across ERPs to LVF targets at OL+ and RVF
targets at OR+ .

cueing effect varied across locations, so post hoc analy-
ses compared valid–invalid voltage differences between
groups at each location separately. The Nd2 cueing
effect was marginally greater for older than young
subjects at Fz+ , t(30)=1.94, S.E.=0.25, P=0.06;
but marginally larger for young subjects at Pz+ ,
t(30)=1.86, S.E.=0.27, P=0.07. The groups did not
differ at Cz, t(30)=1.08, S.E.=0.35. Thus, the Nd2
cueing effect may have a slightly more anterior distribu-
tion in older subjects.

3.3.3. P3 component
Earlier research has found that P3 amplitude is more

positive to targets that follow invalid than valid cues
[17,41]. The P3 is typically maximal over centroparietal
recording sites, but older subjects often show frontal P3
amplitudes that approach the magnitude of centropari-
etal voltages (reviewed in [21]). Therefore, P3 analyses
were conducted on Pz+ , Cz+ , and Fz+ regions (see
Fig. 3). Initial latency analyses only included Pz+ and
Cz+ because the older P3 was not clearly identifiable
over Fz+ . Once P3 latency was estimated, Fz+ was
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introduced in amplitude analyses to better characterize
P3 caudality.

A group×cue×visual field× location (Pz+ , Cz+ )
ANOVA revealed that the P3 peaked earlier for young
than older subjects, F(1, 30)=27.02, MSE=42 459,
PB0.001; and earlier for invalid than valid conditions,
F(1, 30)=12.40, MSE=4625, PB0.01. Relevant mean
latencies are shown in Table 2. Visual field and location
interacted, F(1, 30)=5.20, MSE=2181, PB0.05; as
did visual field× location×group, F(1, 30)=9.44,
MSE=2181, PB0.01. The three way interaction sug-
gested that the visual field effect was only present for
young subjects, but the young subjects’ visual field
effect differed in polarity from Cz+ (RVFBLFV) to
Pz+ (LVFBRVF).

Mean P3 amplitudes were computed within 200 ms
windows bounding the mean latencies in each condition
(see Table 2). A group×cue×visual field× location
(Pz+ , Cz+ , Fz+ ) ANOVA did not result in a signifi-
cant main effect for cue type, F(1, 30)=2.88, MSE=
0.62, P=0.10. However, the cue×group (F(1,
30)=17.57, MSE=0.62, PB0.001), group × location
(F(2, 30)=7.02, MSE=0.62, PB0.001), and cue×
group× location (F(2, 30)=5.68, MSE=13.50, PB
0.01) interactions were significant.

Further ANOVAs concentrated on each group sepa-
rately to clarify the nature of these interactions. Young

Fig. 5. Topographic distributions of ERP differences between valid
and invalid conditions between 200 and 400 ms. Contours change in
0.34 mV steps. The top of each head is tilted forward with the vertex
marked with a white spot.

subjects showed significant effects of cue type, F(1,
30)=27.57, MSE=0.39, PB0.001, and location, F(2,
30)=24.96, MSE=13.46, PB0.001. The cue× loca-
tion interaction did not approach significance, F(2,
30)B1, MSE=0.36. P3 amplitude was smallest at
Fz+ (1.06 mV), larger at Pz+ (3.92 mV), and largest at
Cz+ (5.59 mV). Invalid voltages were more positive
than the valid voltages at all the three locations.

For older subjects, the main effect of cue type did not
reach significance, F(1, 30)=2.27, MSE=0.85, P\
0.10. The location main effect (F(2, 30)=6.56, MSE=
0.13.55, PB0.01) and the cue× location interaction
(F(2, 30)=5.60, MSE=0.72, PB0.01) were signifi-
cant. The P3 was larger at Cz+ (4.52 mV) than Fz+
(2.67 mV) or Pz+ (2.32 mV). The cueing effect con-
formed to the expected direction (invalid\valid) only
at Fz+ . Overall, the results suggest a smaller effect of
cue validity on P3 amplitude for older than for the
young subjects.

3.3.4. Broadly distributed effects (200–400 ms)
The P1, N1, and Nd1 effects were clearly greatest

over the regions specified in the foregoing analyses. P1
and N1 amplitudes were largest over OL+ and OR+ .
Nd1 was maximal over Pz+ and Cz+ . In contrast,
inspection of the global scalp topography suggested
that the Nd2 and P3 were part of a more distributed
pattern of cueing effects occurring between 200 and 400
ms. Fig. 5 shows the complete scalp topography of the
cueing effects within this interval. Each head model was
constructed by computing valid–invalid differences for
each channel, interpolating the differences across a
spherical head model, averaging the interpolations from
200 to 400 ms, and projecting the average interpolated
image onto a 3D head model. Nd2 is the most negative,
superior, midline difference; but opposite going differ-

Fig. 4. Grand-average differences waveforms created by subtracting
invalid from valid ERPs for the midline frontal (Fz+ : mean of
channels 5, 6, 11, 12), central (Cz+ : mean of channels 7, 32, 55, 81,
107, VREF), and parietal (Pz+ : mean of channels 61, 62, 67, 68, 73,
78, 79) regions. Difference waveforms are averaged across LFV and
RVF targets.
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ences are found over inferior regions. Opposite polarity
differences are expected when the scalp surface is ade-
quately sampled because surface-recorded potential
fields are dipolar with equal positive and negative fields
[48]. The P3 peaked during this 200 ms window for young
subjects, but the P3 peaked later for older subjects. Thus,
these broadly distributed differences contributed to the
strong cue effects identified in the young P3 analysis, but
would not have influenced the P3 analysis with older
subjects in which cueing effects were weak.

To capture the broad spatial topography of the 200–
400 ms cueing effects, the measured head space was
divided into eight spatial regions (see Fig. 1, following
[9]); 2 hemispheres (left, right)×2 caudal (anterior,
posterior)×2 vertical (inferior, superior). Channels
within each region were averaged together to construct
eight regional ERPs (see Fig. 6 in which visual fields and
hemispheres are averaged into contralateral and ipsilat-
eral waveforms). Mean amplitudes (200–400 ms) were
entered into a group×cue×visual field×hemisphere×
caudal×vertical ANOVA. Only cueing effects are re-
ported. Overall, voltages were more negative following
invalid than valid cues, F(1, 30)=94.17, MSE=0.01,
PB0.001. Cueing significantly interacted with a number
of other variables; cue×hemisphere, F(1, 30)=7.70,
MSE=0.72, PB0.01; cue×vertical, F(1, 30)=64.72,
MSE=0.58, PB0.001; cue×hemisphere×caudal, F(1,
30)=11.69, MSE=0.13, PB0.01; cue×visual field×
hemisphere×caudal, F(1, 30)=10.67, MSE=0.44,
PB0.01. The four-way interaction primarily captured
the observation that the right, inferior positive valid–in-
valid differences were anteriorly maximal for LVF stim-
uli, but posteriorly maximal for RVF stimuli (see Fig. 5).
Two other interactions were marginally significant;
cue×visual field× lateral×vertical, F(1, 30)=3.42,
MSE=0.13, P=0.07; cue×visual field× lateral×ver-
tical×caudal, F(1, 30)=3.99, MSE=0.13, P=0.06.
Only one interaction involving cueing and group ap-
proached significance; group×cue×visual field× lat-
eral×vertical ×caudal, F(1, 30)=2.92, MSE=0.13,
P=0.10.

Although we hesitate to accept the null hypothesis of
no group differences in cueing, the overall similarity of
the young and older 200–400 ms cueing effects was
impressive. Fig. 5 shows that the topography of the
cueing effects was very similar between groups, and that
each group showed similar differences between the LVF
and RVF effects. Fig. 6 shows that cueing effects were
very similar between groups, despite considerable differ-
ences in overall ERP amplitudes and latencies. Collaps-
ing the 128 electrodes into eight broad regions may
obscure more local, intra-region differences [22]. Signifi-
cant interactions between group and cueing may have
arisen if individual electrodes were the unit of analysis,
but lacking a prior hypotheses, Type II errors would be
likely.

4. Discussion

The effects of aging were investigated with ERPs in a
visuospatial attention task. A central arrow pointed
towards the location of an upcoming lateralized visual
target (75% valid) or in the opposite direction (25%
invalid). Both older and young adults were faster discrim-
inating between peripheral targets (circle versus square)
following valid cues than invalid cues. An interaction
between this cue validity effect and age indicated that the
RT difference between valid and invalid trials was larger
for older than young subjects (as earlier observed under
similar conditions, [23,25]).

The observed age by cue validity interaction on RT
may be interpreted in several ways. Older adults may
allocate more attentional resources than younger adults

Fig. 6. Grand-average, average-referenced ERPs are channel means
within each of the eight spatial regions used for the 200–400 ms
ANOVA (A, anterior, P, posterior, I, inferior, S, superior; see Fig. 1
for locations). Contralateral ERPs (left side) are averaged across right
hemisphere ERPs to LVF targets and left hemisphere ERPs to RVF
targets. Ipsilateral ERPs (right side) are averaged across right hemi-
sphere ERPs to RVF targets and left hemisphere ERPs to LVF
targets.
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(e.g. [25]). ERP analyses would support such a conclu-
sion if ERP differences between valid and invalid con-
ditions were larger for older than young subjects.
Alternatively, larger cueing effects for older subjects
may be attributable to slower responding (e.g. [38]).
The latter explanation is consistent with the observa-
tion that young and older validity effects did not differ
when they were expressed as a proportion of mean
reaction time. However, the true relationship between
the invalid–valid difference scores and overall response
speed may not be proportional, so proportional scores
may not appropriately correct for group differences in
overall slowness [8]. If, as suggested by the proportional
slowing analysis, older and younger subjects were simi-
larly affected by cue validity, then the ERP validity
effects should also be similar across groups.

Cue validity had similar affects on early ERP compo-
nents for young and older subjects. As earlier reported
in studies with young subjects, the amplitude of the P1,
N1, and Nd1 components differed between valid and
invalid conditions [17,41]. There were no significant
interactions between age and cue validity for the ipsilat-
eral P1, N1, or Nd1. A group by cue type interaction
on the contralateral P1 suggested that the P1 was more
positive following invalid than valid cues for the older
group, but the conditions did not differ for the young
group. The older group’s contralateral P1 effect was in
the opposite direction of most of the earlier reports (e.g.
[14,16,44,41]). Two earlier studies using peripheral ex-
ogenous cues have reported larger P1 amplitudes for
invalid than valid trials [15,29]. If replicable, the con-
tralateral P1 cue×group interaction may indicate an
interesting difference between the early selection pro-
cesses of young and older subjects. However, the un-
usually early onset of the older subjects’ contralateral
P1 suggests that their invalid\valid pattern could also
be attributable to noisy data.

The ipsilateral P1, contralateral N1, and ipsilateral
N1 components were higher amplitude following valid
than invalid cues; and this enhancement did not differ
between young and older subjects. The similarity of
young and older attention effects is particularly striking
when juxtaposed with the overall slower latencies of
these components in older subjects. The P1 ipsilaterally
and the N1 bilaterally reached peak amplitude signifi-
cantly faster for young than older subjects. This pattern
of results is relevant to understanding the neural bases
of the attention effects. P1 and N1 validity effects
typically are interpreted as reflecting direct modulation
of the same neural processes that generate the P1 and
N1 components, but it is also possible that the validity
effects arise from separate processes that happen to
temporally overlap with the P1 and N1. According to
the ‘sensory gain’ hypothesis of ERP attention effects,
spatial attention enhances the amplitude of the visual
processes generating the components (P1, N1) without

engaging additional processes [27,40–42]. One line of
evidence favoring direct enhancement of the P1, is the
similar timing and scalp distribution of the P1 compo-
nent and the corresponding valid–invalid ERP differ-
ences [27,42]. Two studies have supported sensory gain
by demonstrating that component latency can be
slowed by manipulating target/background contrast,
and the latency of valid–invalid differences systemati-
cally tracks the peak latency of the corresponding ERP
components [33,65]. If attention reflects the operation
of processes that are separate from the contrast-sensi-
tive perceptual processes indexed by P1 and N1, then
the latency of the attention effects would not necessar-
ily track the component latency. Both the studies
[33,65] observed that P1 latency was slower for low
than high contrast targets, and the P1 validity effects
were similarly slowed by visual contrast — as would be
expected by sensory gain control. Wijers et al.[65] simi-
larly found that N1 peak latency maintained correspon-
dence with N1 validity effects, but Johannes et al.’s [33]
contrast manipulation slowed N1 latency without de-
laying the validity effects. The present results support
the sensory gain hypothesis for both the ipsilateral P1,
contralateral N1, and ipsilateral N1 because the age-re-
lated delays in component latency were accompanied
by similar delays in the timing of the attention effects.

The observation that equivalent validity effects were
observed between groups despite slower component
latency in older subjects is also relevant to theories of
cognitive aging that emphasize processing speed. For
example, Salthouse’s [58] processing-speed theory as-
sumes the quality or quantity of information decreases
as processing speed slows. Although the precise rela-
tionship between these information processing con-
structs and ERP characteristics is uncertain, a possible
implication of this theory is that such information
decreases should dampen the cognitive effects on ERP
components that are slowed by aging. In other words,
increased P1/N1 latency should decrease the informa-
tion driving the attention effects on these components,
so these components should show weaker attention
effects for older (slower) than young (faster) subjects.
Instead, the present results suggest that little or no
information loss was associated with slowed P1/N1
latency. In addition to valid–invalid amplitude differ-
ences being unaffected age-related slowing, overall P1/
N1 amplitudes were unaffected by aging. These obser-
vations should not be misconstrued as an intended
refutation of processing-speed theory, but these results
do imply that physiological slowing is not necessarily
accompanied by information loss.

The strongest suggestion of cueing deficit in older
subjects was observed for P3 amplitude. For young
subjects, invalid P3s were higher amplitude than valid
P3s across the 3 midline loci (Pz+ , Cz+ , Fz+ ;
replicating, e.g. [17,41]), but the older subjects showed a
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weak validity effect only at Fz+ . Taken at face value,
the P3 results could suggest that attentional mecha-
nisms contributing to the P3 are somewhat weak or
deficient in the older subjects. However, we believe that
the P3 per se was not affected by attention. ERP cue
validity effects were greatest between 200 and 400 ms
for both older and young subjects (see Figs. 5 and 6).
For young subjects, the 200–400 ms validity effect
included the early rise of the P3 (peak latency=392
ms) and overlapped the temporal window chosen for P3
amplitude analyses (292–492 ms). For older subjects
the 200–400 ms validity effect was prior to the P3 (peak
latency=526 ms; window=426–626 ms). Given the
substantial overall similarity between the 200 and 400
ms validity effects observed for both young and older
subjects (see Fig. 5), the present results suggest that the
200–400 ms validity effect can be dissociated from the
P3. It appears that young and older subjects engage
similar attention-related processes between 200 and 400
ms, and these processes may only coincidentally corre-
spond to the timing of the young P3. This interpreta-
tion is consistent with other research showing that the
validity effect is not necessarily affected by the same
variables as the P3. For example, the P3 validity effect
was initially presumed to be attributable to the lower
probability of invalid trials [41] because the P3 is know
to be sensitive to target probability [13,34]. However,
the P3 validity effect has been observed with peripheral
cues when valid and invalid cues are equally probable
[15].

The 200–400 ms validity effect included the Nd2 for
both young (220–280 ms) and older subjects (280–340).
The finding that Nd2 amplitude was more negative
following valid than invalid cues replicated earlier re-
search [17]. Though the cue by group interaction did
not approach significance in the Nd2 analyses, a group
by cue by location interaction suggested a group differ-
ence. The three way interaction captured the observa-
tion that the Nd2 validity effect was more frontally
distributed for older than young participants. When the
entire scalp distribution of the 200–400 ms validity
effect was considered, the older and young subjects did
not show significant differences in the distribution of
the validity effect (Fig. 5).

In addition to the ERP validity effects that were our
primary focus, aspects of the presently observed latency
differences are notable. P3 latency is commonly re-
ported to slow with aging (for meta-analytic review, see
[52]). Aging effects on the latency of earlier components
are not as reliably observed, and many studies focused
on P3 latency have not analyzed earlier components.
The visual N1 has been reported to be slowed [6] or
unaffected [1,36] by aging. Similarly, aging has been
reported to slow [6,59] or not influence [36] visual P1
latency. The present results suggested that aging slowed

the latency of the ipsilateral P1, contralateral N1, and
ipsilateral N1 as well as the P3. The contralateral P1
latency did not significantly differ between older and
younger subjects. Under the present conditions, slowing
originated between the contralateral P1 (young=96
ms, older=94 ms) and ipsilateral P1 (young=124 ms,
older=134 ms). The experiment had reasonable power
(1–b=0.82) to detect a contralateral P1 difference as
large as the 10 ms ipsilateral difference, but the effect
warrants replication with more powerful designs. Age-
related latency increase of the ipsilateral, but not the
contralateral, P1 suggests that slowing was not at-
tributable to the earliest stages of visual analysis (from
retina to contralateral visual cortex) in the present
sample.

The initial appearance of age-related ERP slowing
between the contralateral and ipsilateral P1s may be
related to differences in callosal transfer speed — an
interpretation consistent with earlier ERP research and
aging research using other methods. Subjects with agen-
esis of the corpus callosum have shown contralateral
P1s, but not ipsilateral P1s, so callosal transfer appears
to intervene between these components [5,57,60]. Cor-
pus callosum size decreases [12,30] and behavioral esti-
mates of interhemispheric transfer time increase with
age [32]. Furthermore, P3 amplitude may be related to
callosal size and transfer speed [28,53], so age-related
slowing of interhemispheric transfer speed could have
contributed to lower P3 amplitude of older than young
subjects2.

The present results are limited in at least two re-
spects. First, as reviewed in the introduction, validity
effects and their sensitivity to aging in Posner’s task
interact with a number of experimental variables in-
cluding SOA, cue type, number of response alterna-
tives. Therefore, these results may not generalize to
other conditions. Second, these results are limited by
uncertainties about the functional significance of the
ERP effects. The P1 and N1 effects are generally
thought to be related to selection at the level of early
perceptual processing (reviewed in [18,43]). The Nd1 is
not specific to the visual modality and may reflect
parietal lobe mechanisms related to location expectancy
[18]. There has been little earlier speculation concerning
the functional correlates of the Nd2. The present results
suggest that it may be useful to consider effects that are
temporally (200–400 ms) and spatially broader (Fig. 5)
than earlier reported Nd2 effects (e.g. Pz, Cz, Fz;
220–280 ms; [17]).

2 Callosal size and interhemispheric transfer speed have been re-
ported to vary with sex and handedness [12,30,32]. Therefore, it is
notable that all of the present subjects were right handed, and the two
age groups had similar sex distributions (nine of the 16 older subjects
were female; seven of the 16 young subjects were female). P1 latency
analyses were repeated with sex as between subjects variable, but
sex-related effects did not approach significance.
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In summary, young and older subjects showed simi-
lar electrophysiological responses to cue validity in the
present visuospatial attention experiment. For earlier
components (P1, N1, Nd1), cue validity had similar
effects on component amplitude even though compo-
nent latency was significantly slowed by aging. The
consistent age-related slowing of these early ERP com-
ponents and validity effects supports the idea that ERP
validity effects reflect the direct enhancement of early
visual processes (i.e. ‘sensory gain’ [27,42]). The broadly
distributed, 200–400 ms validity effect showed a similar
time course, spatial distribution, and amplitude modu-
lation in both age groups (see Fig. 5) despite striking
differences in overall waveform latency and morphol-
ogy (see Fig. 6). The temporally age-invariant 200–400
ms validity effect suggests that validity effects coinci-
dentally overlap with the P3 in young subjects, but do
not reflect a direct attentional modulation of the neural
generators of the P3. Finally, finding that age-related
slowing did not affect the contralateral P1, but in-
creased the latency of all components after and includ-
ing the ipsilateral P1, suggests that the pre-callosal
stages of visual processing may not have been adversely
affected by aging.
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