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Abstract

Avisual Simon task was used to study the influence of aging on visuospatial attention and inhibitory control processes.
Responses were much slower for elderly than for young participants. The delay in trials in which stimulus and response
side did not correspond as compared to when they did correqem&imon effegtwas larger for older people, even

after correcting for general slowing due to aging. The slowing of responses reflected a slowing of internal processing,
as indicated by progressively larger delays of the peak latencies of the N1, the posterior contralateral ngr@yity

and P3. A comparison between the amplitudes of the PCN and early lateralized readiness ppteritiaP indicated

that transmission from posterior sited2CN) to the motor cortex may be affected by age. The data support the view that
aging affects an inhibitory process that controls direct visuomotor transmission.

Descriptors: Aging, Simon task, Event-related potentials, Slowing, Inhibition

In the field of cognitive aging, many EEG studies focused on the Other paradigms have been used in which the main focus was
effects of aging on event-related potentiglRP components by on these aspects. Effects on memory were studied in a variety of
using the Oddball task. Well-replicated findings with this task aretasks, using Sternberg’s memory scanning tasg., Ford, Pfef-
a delay of ERP components due to aging, especially of the P8rbaum, Tinklenberg, & Kopell, 1982; Lorist, Snel, Mulder, &
component(for reviews, see Bashore, Osman, & Heffley, 1989; Kok, 1995; Pelosi & Blumhardt, 1999 processing of complex
Polich, 1996. Effects on earlier components have also been resentencesGunter, Jackson, & Mulder, 1995continuous recog-
ported, with the delay of components becoming progressivelynition (Friedman, Berman, & Hamberger, 1998cognition and
larger until the P3e.g., Czigler, Csibra, & Ambro, 1994; Verleger, priming (Dywan, Segalowitz, & Webster, 1998; Mark & Rugg,
Neukater, Kompf, & Vieregge, 1991 Besides effects on peak 1998; Swick & Knight, 1997; Trott, Friedman, Ritter, & Fabiani,
latencies, another well-known finding is the flattened topographyl1997), and cued recallFriedman, Ritter, & Snodgrass, 1996 he
of the P3 component for older peogiee., a loss of the exclusive influence of aging on visuospatial attention has been studied less
centroparietal focus; e.g., Friedman, Kazmerski, & Fabiani, 1997 extensively, with some studies on visual seaficboren de Jong,
which may be due to the loss of an overlap of frontal negativity Kok, & van Rooy, 1988; Looren de Jong, Kok, Woestenburg,
(Anderer, Pascual-Marqui, Semlitsch, & Saletu, 1998; Pfeffer-Logman, & van Rooy, 1988; Zeef & Kok, 1993and some with
baum, Ford, Wenegrat, Roth, & Kopell, 198Zhese findings can cueing paradigmgCurran, Hills, Patterson, & Strauss, 2001;
be easily related to current views on cognitive aging. That is, thevamaguchi, Tsuchiya, & Kobayashi, 199%ikewise, the number
progressive delay of several ERP components can be accounted fof studies focusing on inhibitory control is also small, with some
by general slowinge.g., Myerson, Hale, Wagstaff, Poon, & Smith, studies on the Eriksen flanker tagkeef & Kok, 1993; Zeef,
1990, whereas the change in topography of the P3 componenBonke, Kok, Buiten, & Kenemans, 1996and variants of the
may be due to functional changes of the frontal cofeg., West,  Stroop task(Christensen, Ford, & Pfefferbaum, 1996; West &
1996. Nevertheless, the major focus on the Oddball task mayAlain, 2000.
imply that important aspects of aging on memory, attention, and The Simon task has been studied extensively in experimental
inhibitory control are underexposed. psychology, and seems well suited to study the influence of aging
on both visuospatial attention and inhibitory control. In addition,
as far as we know, no ERP study on aging has been performed with
Rob dor Lubb wed b it the Deut hthis task. In the fully visual version of the Simon task, mostly two
coremmgs et ol eredant s oy 3 e Stmul are usecin the curtent task we use the leters A ant B
grant from the Dutch Organization for Fundamental Reseatwo:  Farticipants are instructed to respond with their left hand in case of
440-20-000. We thank Alexandra Wessel for her help in the recruitment of one stimulug(here an A, and with their right hand in case of the
participants and collecting the data, and we thank Judith Ford and twather stimulughere a B. The stimuli are presented to the left or
anonymous reviewers for their stimulating comments on earlier versions Ofight of fixation, and consequently, the side of presentation may
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Simon or correspondence effgéor reviews, see Hommel, 2000; may be accompanied by increased direct visuomotor transmission
Lu & Proctor, 1995; Simon, 1990In our study, a version of this showing up in larger transmission of the activity reflected by PCN
task was used in which opposite to the letter a neutral stimulus iso the pre-LRP. In other words, the amplitude of the pre-LRP
presentedcf. Grice, Boroughs, & Canham, 1984 his procedure relative to the amplitude of the PCN may be larger for elderly than
can be used to prevent exogenous lateralization in the ERHe- for young participants.
Inclan, 1996, and the magnitude of the Simon effect remains the  The inhibition deficit hypothesis of Hasher and Zack988
same with this variatio@Hommel, 2000; Wascher, Schatz, Kuder, corresponds with the view that functions supported by prefrontal
& Verleger, 200). cortex decline at an earlier age than those supported by other brain
An interesting electrophysiological measure that can be obareas(West, 1996. Indeed, some studies provided support for
tained in this task is the posterior negativity contralateral to thedecreased inhibitory control in older peofkeg, West & Alain,
side of the letter, which peaks at about 250 ms after stimulus ons&2000; Zeef & Kok, 1993; Zeef et al., 199@ut other studies found
(Wascher & Wauschkuhn, 1986This component has its maxi- no differences between young participants and older pe@bigs-
mum near the PO7 and PO8 electro@e=e multichannel maps in tensen et al., 1996; Simon & Pouraghabagher, 1978
Wascher et al., 2001, and Praamstra & Plat, 2001d was first For instance, Christensen et@l996 reported that the stimulus-
described by Luck and Hillyard1994 as the N2pc(posterior  response compatibility effect on RT and P3 latency did not depend
contralateral The component can be considered as a correlate foon age in their visual Stroop-like task. However, West and Alain
discrimination of the relevant stimuly&imer, 1996; Wauschkuhn (2000 provided support for the inhibition-deficit hypothesis. They
et al., 1998, which probably occurs as a function of visuospatial found that the Stroop effect on reaction titRRT) was larger for
attention(Luck, Girelli, McDermott, & Ford, 1997; Van der Lubbe elderly than for young participants, even after correcting for the
& Woestenburg, 2000; Woodman & Luck, 1999Vascher and general slowing of respondirglin addition, amplitude modula-
Wauschkuhn(1996 displayed this component as the contraipsi- tions reflecting the inhibition of word information on incongruent
lateral difference to the relevant response hand, extending theials increased with age. Thus, the results with Stroop-like tasks
method described by Colg4989 for the lateralized readiness seem somewhat equivocal. Perhaps these studies differed in the
potential (LRP) to include posterior electrodes. By doing this, it amount of practice given to participants, which may affect the
becomes easier to relate this component to the (& also magnitude of the Stroop effetRabbitt, Lowe, & Shilling, 2001
Praamstra & Plat, 2001; Wascher, Reinhard, Wauschkuhn, & VerThis problem plays no role in the Simon task as it has been shown
leger, 1999; Wascher et al., 200dnd to measure its peak latency that the correspondence effect is a persistent phenomenon that
(Wauschkuhn et al., 1998The amplitude and latency of this remains even after several days of practi§enon, 1990.
component varies independently of the N2 ERP compof(&med- An examination of the influence of aging in a version of the
den & Nordgaard, 2001 therefore, using the name N2pc seems Simon task with irrelevant auditory directional cues and centrally
misleading. In the current article we decided to adopt the nameresented visual stimuli was already reported by Simon and
posterior contralateral negativif?CN), which is similar to the = Pouraghabaghe1978; see also Simon, 1990They found no
N2pc, but does not suppose a relation with the N2. As alreadyvidence for differences in inhibitory control between young and
mentioned, the PCN component is considered to be specific foolder people as the Simon effect was unaffected by(2§ens for
discrimination or selective processing of the relevant stimulus. Thegoung participants and 27 ms for older participarmishough old
amplitude of the PCN indicates to what extent this discriminationparticipants reacted much slower than young participants. How-
takes place and its latency gives temporal information about thigver, their results perhaps cannot be generalized to visual stimuli.
discrimination process. There may be major differences between the visual and the audi-
Interestingly, some recent studies examined the relation betory version of this task as indicated by the results of Wascher et al.
tween the amplitude of the PCN and the simultaneous lateraliza2001). First, with a fully visual version, the Simon effect de-
tion above central brain ared8Vascher & Wauschkuhn, 1996 creases when responses are slower, which has been ascribed to a
The latter lateralization may be viewed as preactivation of motordecay of spatial codes formed at stimulus or$&® Jong et al.,
areas, similar to the description of Gratton, Coles, Sirevaag, Erik1994; Hommel, 1994 Importantly, this decrease did not occur
sen, and Donchi(il988 for the Eriksen flanker paradigfsee also  with an auditory version or with a crossed-hands version of the
in case of Simon-like tasks in De Jong, Liang, & Lauber, 1994;visual task. Second, effects on the pre-LRP differed between both
Masaki, Takasawa, & Yamazaki, 2000; Valle-Inclan, 1996; Valle- versions, with earlier motor activation in case of the visual version.
Inclan & Redondo, 1998 and may be characterized as the pre- Third, the influence of crossing the hands appeared to be of no
LRP. Praamstra and PI&001) and Wascher et 2001 suggested importance for the auditory version, in contrast to the visual
that the amplitudes of the PCN and the pre-LRP may be indicativerersion. According to our view, an important difference between a
for transmission along a direct visuomotor pathw@yg., see fully visual version and the hybrid auditory—visual version used by
Roelfsema, Engel, Kdnig & Singer, 1997; Tanné, Boussaoud, BoyerSimon and Pouraghabagher concerns the task relevance of the
Zeller, & Rouiller, 19935. For example, a reduction of the pre-LRP directional cue. That is, the auditory directional cue appears to
relative to the PCN in a specific condition may indicate that directhave no relevance for the task with centrally presented targets,
transmission in that condition became smaller. whereas the position of the letter in the fully visual version is
Most interestingly, it has been proposed that direct visuomotor
transmission increases when inhibitory control decreases, which
may occur due to the use of different task instructiovéascher
et al., 2001}, but also due to Parkinson’s disedsee Praamstra & 1To estimate on the basis of RT data whether age has an effect on
Plat, 200). In this line, direct visuomotor transmission might also specific processes, the possibility has to be excluded that the interaction

. L . . etween a variable ascribed to a specific process and age is simply due to
change due to aging. The inhibition deficit hypothesis of HaShe'Seneral slowingSalthouse, 1985 Therefore most recent behavioral stud-

and Zacks(1988 proposes that age-related impairments resulties employed a procedure to correct for general slowee Methods
from a weakening of inhibitory processes with age. Thus, agingsection.
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relevant for attentional orienting as the target randomly appears tpanied by two symmetrically positioned white fram@s®® X
the left or right side of fixation. 0.8), centered at 1°3to the left and right of the fixation cross.

In the current examination of a fully visual version of the Next, after an interval varying between 1,000 and 2,250 ms, one
Simon task, we expected that older people would respond morame was filled with a yellow lettefA or B) and the other frame
slowly than young participants, as was also found in the hybridwas filled with three horizontal yellow bars that were similar to the
variant used by Simon and Pouraghabagii®78. Because the letters in size and luminance. After 200 ms, the screen was cleared
relevance of position might be higher in the present fully visualfor 1,800 ms. Then the next trial started. The sftidt or right)
version of the task than in that study, the Simon effect mightand identity of the lettefA or B) varied randomly from trial to
become larger for elderly than for young participants, which maytrial, all with an equal probability of 25%A left, A right, B left,
be ascribed to a decrease of inhibitory control in the older peopleB right).

In addition, we examined whether there is a difference between

elderly and young participants in the decrease of the Simon effectask

as a function of response speed, which has been related to a decalje task consisted of 600 trials. After every 100 trials a short pause
of spatial codegsee De Jong et al., 1994; Hommel, 1994; Waschemwas given. Participants were instructed to press the left button
et al., 2001 In accordance with most ERP studies on aging, wewhen an A was presented and the right button nviaeB was
expected to find a delay of the P3 component, and also of thg@resented. Thus, the side of the stimulus and the required response
earlier N1 component. In addition, amplitude of the P3 componenside could corresponéorrespondence triglor not (noncorre-
may be flattened for older people, due to the loss of an overlap ofpondence triaJs Participants were instructed to respond as fast
frontal negativity, whereas a more pronounced centroparietal focuand accurately as possible.

may be expected for young participants. We were especially in-

terested in the influence of aging on the PCN and on the magnitudBecording and Data Processing

of the Simon effect. We hypothesized that three effects may occuEEG was recorded from A@gCl electrodeg Picker-Schwarzer

due to aging. First, the amplitude of the PCN may be reduced idocated at F3, Fz, F4, FC3, FC4, Q3 cm in front of C3, C1, Cz,
older people due to less efficient discrimination between the rel<C2, C4 (1 cm in front of C4, P7, P3, Pz, P4, P8, PO7, O1, 02,
evant and the irrelevant stimulus. Second, the PCN may be delayethd PO8, referred to an electrode affixed at the nose. EOG was
in older people as a reflection of slowed attentional processingrecorded bipolarly both vertically from above and below the left
similar to the intraindividual delay in case of less salient stimuli eye (vEOG) and horizontally from the outer canthi of both eyes
(Wauschkuhn et al., 1998This delay of the PCN may be com- (hEOG. EEG and EOG were amplified and filtered by a Nihon-
parable with the observed delay of other ERP components, but calohden 4421 amplifie(TC = 5.0 s, lowpass 70 Hz Electrode

be interpreted more easily as it is location specific. Third, simul-resistance was kept below 1@kResponse force was recorded
taneously with the PCN, a pre-LRP should be observed. Theontinuously from isometric weight elements that had to be pressed
amplitude of the pre-LRP relative to the amplitude of the PCN mayby the two index fingers. A trigger sent from a control computer
be larger for elderly than for young participants due to increasedtarted data sampling on a second compyEEG, EOG, and
direct visuomotor transmission resulting from a weakening ofresponse forgeat a rate of 200 Hz from 195 ms before to 2,400 ms
inhibitory processes. Finally, the start and duration of correctafter the imperative stimulus. Trials with zero lines, out-of-scale
motor activation may also be affected by dgand & Kok, 2000, values, slow drifts larger than 8@V, and fast shifts larger than
which may also differ as a function of correspondence due tal20 xV/500 ms were excluded from further analygeich left
changes in the efficiency of inhibitory control. This can be exam-74.8% and 88.8% of the trials for the young and older participants,
ined by performing a stimulus-lockgd) and response-locked) respectively.

analysis of the LRP. The transmission of VEOG and of hEOG into the EEG was
estimated separately in areas of maximum EOG variance. EEGs
were corrected by subtracting both EOG channels weighted by
their transmission coefficientsee Verleger, Gasser, & Mocks,
Participants 1982. Finally, a low-pass filter with a cut-off frequency of 17.6 Hz
Thirteen elderly participants, recruited by an advertisement in gRuchkin & Glaser, 197B8was applied.

local newspaper in Libeck, and 12 young participants, recruited

from the local student population, cooperated in our experimentData Analysis

The data of 1 young and 2 elderly participants had to be remove@®esponse parameter®T was defined as the moment when re-
due to too many EEG artefacts. This left an old grgigemale,  sponse force crossed the criteridhi?2oN and was averaged across
age 61.2+ 8.8 yearsand a young grouB female, age 25.2 2.8 left- and right-hand responses. Errors included trials with forees
yearg each consisting of 11 participants. All participants had 2 N of both handgone correct, one wrong: “corrected errors”
normal or corrected to normal vision, and reported no history ofwith forces> 2N of the incorrect hand onl{‘full errors”), pre-
neurological disorder, which in case of the older people wasmnature responsdgaster than 150 msand responses slower than

Methods

assessed in a prior verbal questionnaire. 1,500 ms. Trials with forces in between 0.51@hN of theincorrect
hand(partial errorg that were followed by a correct response with
Stimuli and Procedure a force larger than 2 N, and responses with a force larger than 2 N

Participants were seated in a comfortable armchair in a separatd the correct hand and no force exerted by the incorrect hand

chamber. Visual stimuli were presented on a 14-in. Multisynclarger than 0.5 N were defined as correct responses. The error trials

monitor with an observation distance of approximately 1.2 m.were excluded from the RT and EEG analyses.

Stimulus presentation was controlled by a PC. Response force was defined as the maximum value of force
A trial started with a white fixation cros€.6’ X 0.6°) dis- output for correct trials. The mean RTs, the different proportions

played in the center of the monitor on a black background accom¢full errors, corrected errors, premature responses, misses, slow
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responses, partial errors, and fully correct responsesl response  side than ipsilateral. Both stimulus-locked and response-locked
force were evaluated statistically by analysis of varia#déOVA ) analyses(referred to the prestimulus baseline aligned either to
with the between-subjects factor aggoung vs. old and the  stimulus onset or to the responseere performed. For the analy-
repeated-measurements factor correspondéumreesponding vs.  ses of the PCN, amplitudes were computed relative to the relevant
noncorresponding Several authors have argued that the globalstimulus side.
slowing effect of age on RT is most adequately described by an Our interest was focused on effects of age and correspondence
exponential increase.g., see Kray & Lindenberger, 2000; Mayr, on the peak latency and amplitude of the PCN, and the start of the
2001; Van Asselen & Ridderinkhof, 200lwhich may be cor- PCN, the s-LRP, and the r-LRP. In addition, we determined the
rected for by taking the natural logarithm of RT. This transforma-relation between the PCN and the simultaneous anterior lateral-
tion was applied on RTs to examine whether the possible interactioization above hand motor areggre-LRP to examine the influ-
between correspondence and age is solely due to general slowingnce of age on direct visuomotor transmiss{eae Praamstra &
Several studies indicated that the correspondence effect bd?lat, 2001; Wascher et al., 200Amplitudes were determined for
comes smaller when responses are slower, which has been ascribggleral time windows of 25 ms, based on inspection of grand
to a decay of spatial codds.g., De Jong et al., 1994; Hommel, means, to examine whether the PCN started earlier for young than
1994; Wascher et al., 20RJA distribution(quintiles analysis was  for older people. The same analysis was performed for the start of
performed per condition for each group on RTs to examine whethethe s-LRP and the r-LRP to examine whether there was an effect of
we could replicate this result and, more interestingly, whether thisage, and whether the correspondence effect differed as a function
decrease differed as a function of age. We estimated the time pointsf age. In the latter analyses, lateralized activity of the electrode
(bing) at which 20%, 40%, 60%, and 80% of the reacti¢intem pair at which the PCN was most pronounced was used as a
fast to slow had occurred to obtain values for the different levels covariate to control for possible volume conduction effects from
of the post hoc variable speed. The 0% and 100% time points arposterior sitegsee Van der Lubbe & Woestenburg, 1999
defined by the criteria we used to exclude misses and premature
responses and were therefore not used in the analysis. Greenhouse—
b . : : ﬁesults
Geisser epsilon correction was performed to adjust the degrees 0
freedom whenever possible. Behavioral Measures
Mean RTs, response force, proportions of fully correct responses,
EEG parametersERPs were computed for all electrodes by partial errors, corrected errors, full errors, misses, and too slow
averaging EEGs for all trials with correct responses without arteresponses, all as a function of age and correspondence, are pre-
facts. This was done separately for corresponding and noncorreented in Table 1.
sponding trials for both age groups. Amplitudes were referred to a  First, we will focus on the different types of incorrect behavior.
baseline from—95 to 0 ms before presenting the imperative stim- No fast guesses were observed. There were less fully correct
ulus. More details about the analyses performed on the ERP datasponses in noncorrespondence than in correspondence trials,
are reported in the Results section. F(1,20 = 21.9,p < .001. Partial errors5 (1,20 = 21.1,p < .001,
Contra-ipsilateral difference potentidlERLS) were calculated as well as corrected errofs(1,20 = 9.4,p = .006, and full errors,
separately for each symmetrical electrode pga8/4, FC34, C3/ F(1,20 = 8.6, p = .008, occurred more often in noncorrespon-
4', C1/2, P34, P78, PO78, O1/2) the same way as the LRP is dence than in correspondence trials. Misses occurred very infre-
computed. That is, for right-hand responses, activityeraged quently, possibly also due to too weak responding, somewhat more
across trialsat the right electrode was subtracted from activity at often for correspondence than for noncorrespondence trials,
the left electrode, and for left-hand responses, activity at the lefE(1,20 = 6.7,p = .017, whereas no effect on too slow responses
electrode was subtracted from activity at the right electrode. Theswas found. Importantly, in all these analyses there were no effects
two differences were then averaged to yield the general differencef age nor any interaction between age and correspondence,
contralateral minus ipsilateral relative to response dideles, F(1,20 < 1.7.
1989. Thus, a negative difference wave indicates that activity is RTs were faster for corresponding trial§26 ms than for
more negative at the site contralateral to the required movementoncorresponding trial$560 mg, F(1,20 = 62.9,p < .0001.

Table 1. Mean RTs (in Milliseconds), Response Force (in Newtons), Proportions of Fully
Correct Responses, Partial Errors, Corrected Errors, Full Errors, Misses, and Too Slow
Responses as a Function of Age (Young vs. Old) for Corresponding (Corr)

and Noncorresponding (Nonc) Trials

Fully Partial Corrected Full Too
RT Force correct error error error Misses slow
Young
Corr 477 16.4 96.3 1.3 1.3 0.7 0.3 0.1
Nonc 497 16.5 92.1 3.7 2.6 1.2 0.2 0.1
Old
Corr 575 16.8 97.6 0.5 0.3 0.5 0.6 0.5

Nonc 623 17.2 91.1 2.8 3.3 14 0.4 0.8
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Young participants reacted much faster than old participants, by aBRPs
amount of 112 msk(1,20 = 9.7, p = .006. The effect of corre- ERPs from all electrodes are displayed in Figure 2. No major
spondence was larger for the older gro48 ms than for the  differences are visible as a function of correspondence whereas the
young group(20 mg, F(1,20 = 10.8,p = .004. This interaction influence of age is reflected in a global delay of the entire ERP
between correspondence and age remained significant when RVgaveform, beginning at the posterior N1 component. Closer in-
were In-transformeds (1,20 = 6.7,p = .017, and thus cannot be spection reveals that this shift is initially more posterior and later
accounted for by general slowing. more frontocentral. Because such a shift of the entire waveshape is
The results of the distribution analysis on RTs are presented imot easy to quantify, we decided to simply use the posterior N1 and
Figure 1. Apart from the already reported effects and the effect othe centroparietal P3 as “landmarks,” measuring the shift at these
dividing into RT bins, the analysis revealed that the corresponpeaks. This is not meant to imply that it is precisely these com-
dence effect interacted with sped&(3,60 = 7.5, = .44,p < ponents that are shifted; rather the shift might well be an under-
.007, decreasing from 43 ms for the 20% bin to 41 ms for the 40%ying trend on which these components are riding.
bin, to 37 ms for the 60% bin, and to 26 ms for the 80% bin.
Contrast analyses revealed that the correspondence effect for the The N1 componentThe latency and amplitude of the N1
80% bin was significantly smaller than for the 60% H#i1,20 = component was measured at all posterior electrodes as the most
12.3,p = .002. The effect of age interacted with speE3,60 = negative peak in the average ERP per participant within a window
4.9,e = .36,p = .035, increasing from 93 ms for the 20% bin to from 160 to 300 ms after stimulus onset. ANOVAs were performed
102 ms for the 40% bin, to 113 ms for the 60% bin, to 125 ms forwith the within-subject factors electrodd) and hemispher¢2)
the 80% bin. Contrast analyses revealed that the effect of age wdse., (P3, P7, PO7, Oland (P4, P8, PO8, O2, correspondence

smaller for the 20% bin than for the 40% bin(1,20 = 4.8,p = (2), and the between-subjects factor @@k For N1 latency, there
.04, and smaller for the 40% bin than or the 60% Wifl,20 = was a main effect of agef(1,20 = 12.7, p = .002, which
6.9,p = .02. No second-order interaction was found between Agejndicated that the N1 component peaked earlier for young partici-
RT bin, and correspondencié(3,60 < 0.3. pants(187 mg than for older peoplé215 mg. Other effects were

Response force was smaller for corresponddaées N) than not significant.
for noncorrespondence tria{¢6.9 N), F(1,20 = 9.5, p = .006.
Although the results in Table 1 suggest that the difference in
force between correspondence and noncorrespondence trials was
larger for elderly than for young participants, no effect of age,
and no interaction between age and correspondence was found,
F(1,20 < 1.9.

VvEOG
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Figure 2. ERPs for all electrodes displayed for correspondence and non-
Figure 1. RTs as a function of response speed in Hi28%, 40%, 60%, correspondence trials for young and old participants. Along the abscissa we
and 80% for correspondence and noncorrespondence trials for young anéhdicated the timét) in milliseconds from—100 to 800 ms after stimulus
old participants. The vertical bars indicate the standard errors. onset.
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For N1 amplitude, there was an effect of electrodée3, 60 = being larger on the midline than on the left and also larger on the
33.7,e = .60,p < .001, an interaction between electrode and agemidline than on the right. Potentially of more interest, we observed
F(3,60 = 4.5, ¢ = .60, p = .021? and an interaction between an interaction between correspondence, left—right axis and age,
correspondence and hemisphdt€l,20 = 8.6,p < .008. Inspec- F(2,40 = 5.4,e = .86,p = .012, which remained significant after
tion of Figure 2 suggests that the Electrodége interaction may applying the rescaling procedufe(2,40 = 5.2,e = .86,p = .014.
be due to the reduced N1 amplitude at the O1 and O2 electroddsor young participants, P3 amplitude was more positive for non-
relative to the other electrodes for young participants but not forcorrespondence trials than for correspondence trials, which effect
older people. This suggestion was confirmed by still obtaining arwas largest along the midlin@5.8 vs. 15.3.V) whereas for older
interaction between age and electroB¢],20 = 4.7, p = .043, people, P3 amplitude was less positive for noncorrespondence
after having reduced the electrodes entering analysis to PO7, Ofrjals than for correspondence trials, this effect again being largest
P08, and O2. The interaction between correspondence and henglong the midling(10.5 vs. 11.2uV).
sphere reflected that N1 was less negative at the left than at the
right hemisphere in case of correspondefie#0.0 vs.—10.2.V),  ERLs
and behaved the Opposite way in case of noncorrespondenc@he mean stimulus-locked lateralizations for all Symmetrical elec-

(—10.1 vs.—9.8 wV). This very small effect is not visible in trode pairs are presented in Figure 3 as a function of required
Figure 2, and seems difficult to interpret. response side. The LRP is well visible at central and frontal sites.

At posterior sites, a contra-ipsilateral difference is visible. Being
The P3 componentor the analyses of the P3 component, we inverted for noncorresponding trials, this difference is evidently
selected the F3, Fz, F4, C3, Cz, C4, P3, Pz, and P4 electrodes tietermined more by stimulus side than by response side.
reduce the levels of independent variables while still retaining a
global picture of the effects on P3. Peak latency and amplitude were The posterior contralateral negativity (PCNyVe determined
assessed at the most positive peak within a window of 320 to 700 méhe peak amplituderelative to relevant stimulus side, i.e., by
ANOVAs were performed with the within-subjects factors corre- inverting the noncorrespondence waveforms relative to the way
spondenc€?), left-right axis(left, midline, right, anterior—posterior  they are presented in Figure¢ @&nd latency of the PCN as the most
axis(frontal, central, parietaland the between-subjects factor age. negative peak within 200-350 ms at all four posterior electrode
The analysis on P3 latency revealed that the P3 componerairs(P3/4, P78, PO78, O1/2). ANOVAs were performed with
peaked earlier for corresponden{d&9 mg than for noncorrespon-
dence trialsg(514 mg, F(1,20 = 31.4,p < .001, and earlier for —
young participants(468 mg than for older peoplg535 ms, hEOG
F(1,20 = 6.3,p = .02. The correspondence effect was indepen- (*1110)
dent of age,F(1,20 < 0.01. We found an interaction between —

anterior—posterior axis and age(2,40 = 5.5,e = .63,p = .02, F3/4 _@

and an interaction between anterior—posterior axis, left-right axis,
and ageF(4,80 = 4.8, ¢ = .59, p = .009. A contrast analysis 7

revealed that the frontal-central difference differed between young FC34 e m
participants and older peopl€,1,20 = 7.7, p = .01. Namely,
peak latency was the same for frontal and central sites for young

participants(476 vs. 475 my but P3 peaked much later for older cii2 B e —
people at central site$55 mg than at frontal site$496 ms. An

additional analysis suggests that the frontal-central difference for N W
older people was smaller at the left hemisph@&®8 vs. 549 mps c3w

than at the midling483 vs. 558 mg F(1,20 = 6.7, p = .02,
whereas no difference between the midline and the right hemi-

sphere(487 vs. 557 mpwas found,F(1,20 < 0.1. P3/4 .‘%

The analyses on P3 peak amplitude showed that amplitudes

increased along the anterior—posterior aki§2,40 = 45.2,¢ =

.76, p < .001. P3 amplitude tended to be smaller for elderly P7/8 ”éﬁ@%
(10.5 1V) than for young participant€l5.3 uV), F(1,20 = 3.6,

p = .07. Contrast analyses revealed that the fronta(®3 wV) POTI8

was smaller than the central RB3.3 uV), F(1,20 = 56.5,p < h‘ﬁ‘@%

.001, and the central P3 was again smaller than the parietal P3  _
(16.1 wV), F(1,20 = 16.5,p = .001. This effect seemed to be 3pv1

larger for young participants than for older peofé2,40 = 4.2, VO e S e
e = .76,p = .03. However, after applying the rescaling procedure ‘
(see footnote Pthe interaction between anterior—posterior axis and 0 )

age was no longer significarf,(2,40 = 2.2. An interaction was tim (ms) young old
found between anterior—posterior and left-right aki¢4,80 =
9.5, = .69, p < .001, trivially due to anterior—posterior effects

500

corresponding s

noncorresponding

Figure 3. Stimulus-locked ERLs for correspondence and noncorrespon-
2This interaction remained significant after correcting for differences dence trials for young and old participants for all symmetrical electrode

in source strength between both groupé3,60 = 6.6, = .68,p = .003, pairs. Along the abscissa we indicated the tiimén milliseconds from-2100
using vector-normalizatioGqMcCarthy & Wood, 1985 to 800 ms after stimulus onset.
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the factors electrode pai), correspondencg), and age?2). The effect of age was found; (1,19 = 2.5,p = .129, but the included
main ANOVA showed that the peak of the PCN occurred earlier forcovariate proved to be significarf(1,19 = 6.9, p = .016. An
young participants(263 ms than for older peoplg293 ms, analysis without inclusion of the covariate showed a main effect of
F(1,20 = 5.2,p = .034. We performed a separate analysis for theage,F(1,20 = 7.9, p = .011. Negativity was larger for young
P7/8 electrode pair, as the PC(dee the amplitude resultszvas  (—1.0 V) than for elderly participants—0.3 wV) The analysis
most pronounced at that site. The analysis confirmed that the PChhcluding the covariate revealed a main effect of tifa€5,99 =
peaked earlier for young participant@63 mg than for older  17.9,p < .001, but no interaction between age and tifi&, 99 =
people(297 mg, F(1,20 = 5.7,p = .027. No other effects on peak 1.3, was found.
latency were observed. For noncorrespondence trials, an analysis was performed for
Regarding the peak amplitude of the PCN, we found only anthe interval from 275 to 450 ms after stimulus onset. No earlier
effect of electrode paif-(3,60 = 19.6,¢ = .67,p < .001. The lateralization for young participants than for older people was
PCN was larger at the P8 electrode pait—2.4 wV) than at the  observedF (1,19 = 2.6,p = .123, but the included covariate was
P3/4 electrode paif—1.5 uV), F(1,20 = 24.0,p < .001, and again significantF (1,19 = 6.8,p = .018. An analysis without the
larger at the PQ/B electrode pai(—2.0 ©V) than at the OA2 covariate showed a main effect of adge(1,20 = 5.4, p = .03.
electrode pair(—1.2 uV), F(1,20 = 36.4,p < .001, with no  Negativity was larger for youn¢g—1.3 nV) than for elderly par-
difference between the P@F and the P/B electrode pairs, ticipants (0.01 wV). The analysis including the covariate also
F(1,20 = 0.4. No effect of age was founH(1,20 = 1.4,p = .25, revealed an effect of timés(6,119 = 15.4,p < .001. No inter-
although PCN amplitudésee Figure Bseemed larger for young action between age and time was fouRd6,119 = 0.8.
(—2.0 uV) than for elderly participanté—1.6 wV). Thus, the absence of significant effects of age for the s-LRP,
Lateralization of the PCN may start earlier for young partici- although these effects are clearly present in Figure 3, can be
pants than for older people. The amplitude for 25-ms time win-ascribed to simultaneous effects at posterior sites.
dows (4), as a function of corresponden¢®), was determined
from 125 until 225 ms after stimulus onset for the/B glectrode The r-LRP. Response-locked lateralizations as a function of
pair. The analysis showed that negativity increased over timecorrespondence for both age groups for the/@3and the P78
F(3,60 = 13.3,e = .54,p < .001, but this effect was not different electrode pair are displayed in Figure 4. Averages for time win-
between age groups(3,60 = 1.4. An almost significant effect of dows of 25 ms were computed per participant from 275 until
age was foundi (1,20 = 4.2, p = .055, which reflects the larger
amplitude of the PCN for yound—0.7 V) than for elderly
participants(—0.2 uV). The latter results provide some support
for an earlier start of the PCN in young than in the older people. -4

Relating the PCN with the pre-LRRo0 examine direct visuo-
motor transmission, we determined the relation between the peak
amplitude of the PCNrelative to the relevant stimulus sidas
obtained for the P/B electrode pair, and the simultaneous lateral-
ization at the C4 electrode pair. An ANOVA was performed with
the factors electrode pdi2), correspondencd®), and the between-
subjects factor ag€?). Lateralization at the G3 electrode pair
(—1.4 wV) was reduced as compared to the/®electrode pair
(—=2.3uV),F(1,20 = 34.7,p < .001. Some support was found for Q : : : : N
the hypothesis that this effect differed between young and elderly \
participants,F(1,20 = 4.0, p = .06. For young participants, Mw -100 RT 100
amplitude decreased from2.7 to —1.5 wV, and for elderly — t(ms)
participants, amplitude decreased frer2.0 to —1.4 uV.

c3’/IcH

Amplitude in nv

3
N

P7/P8
The s-LRP.Lateralization of the stimulus-locked LRP was 4

analyzed for intervals determined after inspection of the grand

meangsee Figure B Activity at the P78 electrode paifwhere the

PCN was largestwas used as covariate to control for volume

conduction effects from posterior sitdsee Van der Lubbe &

Woestenburg, 199§ An initial analysis showed that there were

large differences between correspondence and noncorrespondence

trials (see Figure B8 for 12 25-ms time windows from 150 to

450 ms after stimulus onsef(1,19 = 9.0, p = .008, and nega- 5 —

tivity increased over timef- (11,219 = 28.8,p < .001. Separate

analyses were performed for correspondence and noncorrespon- young old

dence trials. — corresponding =
For correspondence trials, an analysis was performed for 25-ms

time windows from 150 to 300 ms after stimulus onset. No main ) )
Figure 4. The response locked LRPLRP) and simultaneous lateraliza-

tion at the P78 electrode pair as a function of correspondence for young
3Greenhouse—Geissercorrection could not be used because SPSSand old participants. Along the abscissa we indicated the {ithen
could not provide an estimate when the covariate was included. milliseconds from—400 to 200 ms after the response.

noncorresponding
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100 ms before responding to examine whether the initial differenceuli by words in oddball-like ggno-go or two-choice tasks is

in polarity as a function of corresponden¢® decreased as a apparently sufficient to obtain reliable response-time differences
function of time(7), and whether effects were dependent on age(Christensen et al., 1996; Pfefferbaum & Ford, 1988; Smulders,
(2). Activity at the P78 electrode pair was again included as a Kenemans, Schmidt, & Kok, 1999; Tachibana, Aragane, & Sugita,
covariate. Negativity increasgdee Figure #when the time in-  1996; tendency in Verleger et al., 1991

terval was nearer to the respon&€6,119 = 60.1,p < .001. A The older people’s shift of ERPs as displayed in Figure 2 looks
main effect of correspondence was fouRd],19 = 7.1,p=.015,  unusual. A view to the literature, as partially quoted in the pre-
and this effect decreased when the time interval was nearer to theeding paragraph, provides the reason underlying this impression.

responsef (6,119 = 7.2,p < .001. Apparently, such a shift can be obtained only in the presence of
For correspondence trials, the development over time was nakliable differences in response times, which is not the case in
significantly different as a function of agége X Time,F (6,119 = simple oddball-type studie&cf. above. Our interpretation and

1.3 and no main effect of agéonly a weak trendwas found, = measurement of these shifts as delay of the N1 and P3 components
F(1,19 = 2.8,p=.11. The included covariate was not significant, (like Lorist et al., 1995 is preliminary. Alternatively these shifts
F(1,19 = 0.1. An analysis without inclusion of the covariate might be described as reflecting underlying slow wagésPodlesny
revealed a trend to an effect of age(1,20 = 3.4, p = .08. et al., 1984 with the late anterior shift perhaps being related to the
Amplitudes were more negative for elderly 1.7 uV) than for  late “post-retrieval” frontal positivity which is currently investi-

young participantg—1.0 wV). gated intensively in relation to memory operatidesy., Mark &
For noncorrespondence trials, no main effect of age was foundRugg, 1998; Nessler, Mecklinger, & Penney, 2D®lternatively,
F(1,19 = 1.5, but the covariate proved to be significdt]l, 19 = it might reflect the lack of frontal negativity that has been proposed

9.2, p = .007. No interaction between age and time was foundto account for the age difference of P3 topography in oddball

F(6,119 = 1.7, p = .13. An analysis without inclusion of the studies(cf. the introductioin

covariate also revealed no effect of ag€1,20 = 0.6, and the In line with other ERP studies on aging, we observed a delay of

development over time also did not differ as a function of age,the P3 for older people, and we also observed a delay of the P3 in

F(6,120 = 1.2. case of noncorrespondence trials as usually found in the Simon
Thus, no convincing evidence was found for the effect of agetask(see review by Verleger, 1997, p. 40n addition, an effect

on the r-LRP. of correspondence was found on P3 amplitude, being largest along

the midline, but the effect was different for young participants and

older people. P3 amplitude became larger for young participants

on noncorrespondence trials, whereas it became larger for older

A fully visual version of the Simon task was used to examine thepeople on correspondence trials. This result indicates that there are

influence of aging on visuospatial attention and inhibitory control. qualitatively different effects as a function of age; however, we can

First, we will focus on the main effects of aging on RTs and ERPs.only guess about an interpretation for this reversal.

Then, we will discuss effects on the PCN, which can be related to

visuospatial attention. Next, we will consider the relation betweenThe Posterior Contralateral Negativity (PCN)

the amplitudes of the PCN and the pre-LRP, which has been relateBloth for young participants and for the older people the PCN was

to inhibitory control, and will deal with changes in the magnitude largest at the P/B electrode paifsee Figure B No effect of aging

of the Simon effect. Finally, we will focus on age-specific effects was found on the peak amplitude of the PCN, but some support

on the start of motor activation as indexed by the s-LRP and on th&as found that the PCN started later for older people. The peak of

duration of motor processing as indexed by the r-LRP, and rethe PCN was reached earlier for young participants than for older

Discussion

sponse force. people. Thus, there is some evidence that discrimination starts later
or is less efficient for older people, and the moment at which
Delayed RTs and the Shifts of ERPs for Older People discrimination is most pronounced is reached later for older people.

A conspicuous result of the present study was the massive shift of Interestingly, in the S1-S2 task used by Yamaguchi €895,

the older participants’ ERP&ee Figure P associated with the no age-related differences were found in the effects of validity of
large difference in response times. Young participants reactegeripheral and symbolic cues on RTs in a simple-response task.
about 100 ms faster than the older people, even in correspondenddese findings support the view that attentional processes are not
trials, which is comparable to the difference as observed in therulnerable to aginghowever see Curran et al., 2001; Madden,
hybrid version of the Simon task used by Simon and PouraghaGottlob, & Allen 1999. In addition, the PCN-like component
bagher (1978. This effect is much larger than the difference observed by Yamaguchi et @995, a larger negativity evoked by
usually obtained in auditory and visual oddball tasks. This differ-the S1 at posterior sites contralateral to the symbolically cued
ence has often been nonsignificéet., Czigler, Csibra, & Ambré, direction was also not affected by age. This discrepancy with the
1996; Ford & Pfefferbaum, 1991; Friedman, Simpson, & Ham-results of the PCN in our study may be due to several reasons. For
berger, 1993; Picton, Stuss, Champagne, & Nelson, 1984; Polichinstance, the relevance of the timing of attentional orienting in an
1997; Verleger et al., 199%ven in visual choice-response tasks S1-S2 task may be small, making it difficult to find an effect of
(Dujardin, Derambure, Bourriez, Jacquesson, & Guieu, 1993; Looreiage. In addition, in the task of Yamaguchi et al., the relevance of
De Jong, Kok, & Van Rooy, 19890ne exception is the study by orienting itself was also less because the S2 had to be detected
Podlesny, Dustman, and Sheaf&884), where a reliable 70-ms only. Finally, it is also possible that the ERL component in the
difference was obtained in a goo-go task with simple symbols S1-S2 study of Yamaguchi et al. simply reflects a process different
(X vs. O). Usually, however, as is well known in aging research from the PCN because the former was evoked by the cueing S1,
(Myerson et al., 1990; Salthouse, 198% certain amount of and the latter by the imperative stimulus. Thus, on the basis of our
complexity was needed to obtain reliable response-time differresults of the peak latency of the PCN, it may be concluded that the
ences. Thus, somewhat surprisingly, replacing simple visual stimmoment at which discrimination is most pronounced is delayed in



108 R.H.J. Van der Lubbe and R. Verleger

older people. This might be one of the reasons for the dramatidd&owski, Wauschkuhn, & Verleger, 20pit may be argued that

delay of their response times. volume conduction plays no important role. In that case, it could
be argued that our findings indicate that motor activation started
Inhibitory Control later for older people. The influence of aging on the duration of

To study the influence of aging on inhibitory control, we focused motor processes, the time interval between the start of motor
on an index for direct visuomotor transmission and the Simonactivation and the final response, was examined by using the
effect. The proportion of lateralization above the primary motorr-LRP. For correspondence trials, the covariate was not significant,
areas(pre-LRP relative to the lateralization above extrastriate and thus should not be included in the analysis. After exclusion of
brain areagPCN) was almost significantly affected by age. Thus, the covariate, some weak support was found for the hypothesis that
the inhibitory process that plays a role in the control of directthe time interval was prolonged by age. However, for noncorre-
visuomotor transmission might be affected by age. The Simorspondence trials, no such effect was found. Thus, only weak
effect was much larger for elderly than for young participants,support was found for an increased duration of motor processes as
even after applying a method to correct for differences in speedreported by Band and Koik2000.
Thus, both RT and the amplitude of the pre-LRP relative to the An interesting finding is that response force was somewhat
peak of the PCN might reflect the same age-related reduction afrger for noncorrespondence trials than for correspondence trials,
inhibitory processing. replicating one of our previous studié¢§Vascher, Verleger, &
The increased Simon effect for older people in our study con‘Wauschkuhn, 1996; see also Van der Lubbe et al., R@0though
trasts with the findings of Simon and Pouraghabadhér8. We no effect was found in other studiésVascher & Wauschkuhn,
argued already in our introduction that there are important differ-1996; Wascher et al., 20D1The larger force may be related to the
ences between a visual and a hybrid auditory-visual version. Thaffects of expectancy on response force in an S1-S2 paradigm
is, we ascribe the discrepancy with Simon and Pouraghabagher tdd/]skowski, Van der Lubbe, Wauschkuhn, Wascher, & Verleger,
the higher relevance of the spatial stimulus code in a fully visual2000. In that study, force became larger when S1 was an invalid
version of the Simon task, which probably is related to attentionakesponse cue. It may be proposed that this invalid response cue can
orienting. The distribution analysis on RTs replicated that thebe equated with the noncorresponding position of the imperative
Simon effect in a visual version of the task decreases when restimulus in the Simon task. Finally, no effect of age was found on
sponses are slowébe Jong et al., 1994; Hommel, 1994; Wascher response force. In combination with the results of other studies
et al., 2001. This finding can be ascribed to a decay of the spatialshowing weaker force in case of a more conservative response
stimulus code formed at stimulus onset. The effect of age becamstrategy in conditions with low time pressutég&owski et al.,
larger for slower reactions, which indicates that variability in 2000, and an increase of the correspondence effect on RT in case
responding was larger for older people, which is not surprising.of a more liberal response strategyan der Lubbe et al., 2001
More interestingly, the decrease of the Simon effect was indeperit may be suggested that there were no major differences in strat-
dent of age, which suggests that there is no effect of age on thegy as a function of age. This suggestion is also supported by
decay of the spatial code itself. the absence of age effects on error proportions in the current
study.
Effects on Motor Processes
Another issue to be addressed was whether we could replicate ti@onclusions
increased duration of motor processing for older people as reportelh conclusion, a massive shift in ERPs was found for older people
by Band and Kok2000. The start of motor activation as indexed that seems related to the large RT difference between both age
by the s-LRP seems to be affected by &ge Figure 8 However,  groups. Early processes related to attentional orienting, as reflected
after correction for simultaneous activation at posterior sites, thisn N1 and PCN components, were already delayed in older people.
effect was no longer significant. If the activity at motor sites is Some evidence was found for decreased inhibitory control along a
solely due to volume conduction, then it could be concluded thadirect visuomotor pathway, which may explain the increased Si-
the start of motor activation was not affected by age. However, ormon effect for older people. Finally, only weak support was found
the basis of the results from some recent stutbes., Oostenveld, for the view that the duration of motor processes was delayed for
Praamstra, Stegeman, & Van Oosterom, 2001; Van der Lubbelder people.
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