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Abstract

Previous research has suggested that the stimulus-preceding neg@RNy is largely independent of stimulus
modality. In contrast, the scalp topography of the event-related desynchronidaR@) related to the anticipation of

stimuli providing knowledge of resultkR) is modality dependent. These findings, combined with functional SPN
research, lead to the hypothesis that anticipatory ERD reflects anticipatory attention, whereas the SPN mainly depends
on the affective-motivational properties of the anticipated stimulus. To further investigate the prestimulus ERD, and
compare this measure with the SPN, 12 participants performed a time-estimation task, and were informed about the
quality of their time estimation by an auditory or a visual stimulus providing KR. The KR stimuli could be either intact

or degraded.

Auditory degraded KR stimuli were less effective than other KR stimuli in guiding subsequent behavior, and were
preceded by a larger SPN. There were no effects of degradation on the SPN in the visual modality. Preceding auditory
KR stimuli no ERD was present, whereas preceding visual stimuli an occipital ERD was found. However, contrary to
expectation, the latter was larger preceding intact than preceding degraded stimuli. It is concluded that the data largely
agree with an interpretation of the pre-KR SPN as a reflection of the anticipation of the affective-motivational value of
KR stimuli, and of the prestimulus ERD as a perceptual anticipatory attention process.

Descriptors: SPN, Slow potentials, Event-related desynchronization, Stimulus degradation, Anticipatory attention,
Affective-motivational

Anticipatory behavior is directed at a predictable, upcoming eventthese cells to fire(Birbaumer, Elbert, Canavan, & Rockstroh,
It serves the goal of a faster or more efficient information process1990; (2) desynchronization of the EEG over the activated cortex,
ing than would have been possible without anticipation. Elsereflecting a disruption of synchronized activity in functionally
where, we have proposed that anticipatory behavior is realizedelated groups of cortical neuroSteriade, Gloor, Llinas, Lopes
through a thalamocortical gating mechanidsee, e.g., Bas- da Silva, & Mesulam, 1990; Lopes da Silva, 199This can be
tiaansen, Brunia, & Bocker, 1999, and Brunia, 1993, 1999, forseen as a transition of cortical idling to cortical activity.
detailed descriptions of the proposed neurophysiological model  In the last two decades, much attention has been devoted in our
The present article focuses on the sensory aspect of anticipatoigboratory to identifying negative slow potential shifts related to
behavior, that is, the anticipatory attention for an upcoming stim-the anticipation of sensory input. To this end, a paradigm has been
ulus. Our neurophysiological model for anticipatory behavior pre-developed in which subjects are asked to perform a time-estimation
dicts that anticipatory attention manifests itself as a cortical activatioriask, and are subsequently informed about the quality of their time
precedingthe presentation of stimuli, which is restricted to the estimation by a stimulus providing knowledge of resulkR;
cortical area corresponding to the modality of the stimulus. TwoDamen & Brunia, 198\ Preceding the KR stimulus, a negative
EEG measures might be appropriate for revealing manifestationslow potential can be recorded that has been termed the stimulus-
of anticipatory attention(1) negative slow potentials, which stem preceding negativitySPN). Subsequent research has been aimed
from a predominance of excitatory postsynaptic potentials at that clarifying the functional significance and neuroanatomical sub-
dendrites of cortical neurons, leading to a subthreshold depolaistrates of the SPNsee Bocker & Van Boxtel, 1997, and Van
ization of these cells and a concurrent increase in the readiness 8oxtel, 1994, for reviews If the SPN is a purely perceptual
anticipatory process, one would expect the SBNo be indepen-
dent of the type of information conveyed by the anticipated stim-
The authors wish to thank G. Pfurtscheller for providing the softwareulus, and2) to be maximal, or at least clearly distinguishable over
used for part of the data analyses, and G.J.M. Van Boxtel for valuablgne sensory cortex corresponding to the modality of the stimulus.

comments on an earlier version of this article. . . N
Address reprint requests to: M.C.M. Bastiaansen, Max Planck Institute Ad (1). The SPN has been found prior to three types of stimuli:

for Psycholinguistics, P.O. Box 310, 6500 AH Nijmegen, the Netherlands.KR stimuli (e.g., Bocker, Brunia, & Van Den Berg-Lenssen, 1994;
E-mail marcel.bastiaansen@mpi.nl. Brunia & Damen, 1988; Chwilla & Brunia, 1991a; Damen &

16



ERD and degraded KR stimuli 17

Brunia, 1987, 1994; Grinewald, Grinewald-Zuberbier, Homberg, Another candidate for identifying an activation of the sensory
& Schuhmacher, 1984instruction stimuli, transmitting informa- cortex during anticipatory attention for an upcoming stimulus is
tion about a future taske.g., Damen & Brunia, 1994; Gaillard & EEG desynchronization, as we mentioned above. EEG desynchro-
Van Beijsterveld, 1991; Rdsler, 1991; Van Boxtel, 1994; Van nization can be quantified by a technique known as event-related
Boxtel & Brunia, 1994; and probe stimuli, with which the out- desynchronizatiof ERD; Pfurtscheller & Aranibar, 1937 This
come of a previous task has to be matched., Chwilla & Brunia,  technique may be more appropriate to study anticipatory attention,
1991b, 1992; Ruchkin, Johnson, Mahaffey, & Sutton 1988- because the same interactions between the thalamic reticular nu-
gether these studies revealed that both the amplitude and thdeus, the thalamocortical relay nuclei, and the cortex that are
lateralization of the SPN vary with the type of stimulus that is thought to underlie the mechanism of anticipatory attent®u-
anticipated. nia, 1999 also form the neural basis of ERD measuiesg., Lopes

Ad (2). The SPN has been recorded prior to auditory and visuabla Silva & Pfurtscheller, 1999; Steriade et al., 199 investi-
stimuli. However, only two studies have directly compared itsgate this, the SPN data of the Bdcker et @994 study were
scalp distribution as a function of stimulus modality in a within- reanalyzed with the ERD technigyBastiaansen, Bdcker, Cluit-
subjects design. The first study, by Griinewald et #84, exper- mans, & Brunia, 1999 The results showed an ERD preceding
iment B), did not include electrodes over the relevant sensoryisual KR stimuli that was maximal over occipital electrode posi-
cortices, which severely limits the value of the results as far agions, whereas preceding auditory KR stimuli, no appreciable ERD
scalp topography is concerned. The second study, by Bocker et akas found.
(1994 used a larger set of electrodéise., 23 approximately A possible explanation of the absence of the expected bilateral
equally distributed over the entire scalp. Although the SPN wademporal ERD preceding auditory stimuli might be that rhythmic
larger preceding auditory stimuli, there was a striking similarity in activity from the auditory cortex cannot be measured with scalp-
scalp topography of the SPN for the two modalities: Both had arecorded EEG, as has been demonstrated by Niederni&920,
frontotemporal maximum. Thus, the Bécker et al. study does nol991; see also Niedermeyer, 1997, for a revielmstead, with
support the hypothesis that the SPN is maximal, or has a clearli¥lEG it is possible to record such a rhythm, which has been termed
distinguishable component, over the sensory cortex correspondinttpe tau rhythm(Lehteld, Salmelin, & Hari, 1997; Tiihonen et al.,
to the modality of the anticipated stimulus. 1991; see Hari, Salmelin, Makela, Salenius, & Helle, 1997, for a

The available experimental evidence does not support ameview). If this was the reason for the absence of an ERD over the
interpretation of the SPN in terms dperceptual anticipatory  auditory cortex preceding the auditory KR, then this effect should
attention for an upcoming stimulus. This leaves the question obe present in MEG data. This idea was partially confirmed in a
what kind of process is reflected by the SPN. Because the SPNubsequent studyBastiaansen, Bocker, Brunia, de Munck, &
differs with the type of stimulus anticipated, it appears reason-Speckreijse, 2001 In two out of the five subjects studied, we
able to hypothesize that the SPN at least partially reflects thdound a bilateral temporal ERD preceding auditory KR stimuli in
presetting of cortical areas specifically related to the executiorthe MEG that was not present in the EEG.
of the task at hand rather than the presetting of the sensory The main purpose of the present article is to further elucidate
cortex (although arguments for the latter have recently beenthe functional significance of the prestimulus ERD. We feel that if
presented by Brunia and Van Boxtel, in pres$his suggests we can influence the magnitude afod scalp topography of the
that the SPN is not a unitary phenomenon. If we consider thgrestimulus ERD by varying stimulus parameters, the interpreta-
types of stimuli that evoke an SPN, two of the three stimulustion of this phenomenon in terms of anticipatory attention would
types (KR stimuli and probe stimuli evaluate the past perfor- gain strength. To this end, we conducted an experiment in which
mance of the subject. Therefore, it could be argued that these twsubjects were asked to perform a time-estimation task, and were
instances of “the” SPN reflect the anticipation of affective- subsequently informed about the quality of their time estimation
motivational stimuli. Support for this interpretation comes from by a KR stimulus. The KR stimulus could be either auditory or
three studies. First, Kotani, Hiraki, and AihatB999 performed  visual, and either intact or perceptually degraded.
an EEG study using the time estimatierKR paradigm, in which We argued that stimulus degradation might have two effects.
they manipulated the motivational and the affective value of theFirst, it asks for a more efficient stimulus processing to extract the
KR stimulus independently. Higher motivation led to larger SPNrelevant information from the KR stimulus. This implies that
amplitudes, whereas the affective manipulation did not influenceperceptual anticipatory attention should be more prominent pre-
SPN amplitude. Second, Bécker et @994 showed that regard- ceding degraded than preceding intact KR stimuli. If the prestim-
less of stimulus modality, a large part of the pre-KR SPN could beulus ERD we have previously reported is a true index of perceptual
explained by a bilateral pair of frontotemporal dipoles that prob-anticipatory attention, one would expect tt@ompensatoryin-
ably represent activity of thénsulae Reili This is a bilateral crease in perceptual anticipatory attention called for by stimulus
cortical structure buried within the Sylvian fissure, which is as- degradation to be reflected in an increase in this index. Assuming
sumed to be involved in the affective-motivational coloring of that the SPN reflects anticipation of the affectinetivational
stimuli (Mesulam & Mufson, 198p Third, Brunia, De Jong, Van properties of the KR stimulus, we would not however expect
Den Berg-Lenssen, and Pad@600 performed a PET study using influences of perceptual difficulty on the SPN. Second, stimulus
the time estimation- KR paradigm, and also found activation of degradation may lead to an increase in task difficulty if the degree
the posterior part of the Insulae Reili, therewith supporting theof degradation is such that the stimuli are not always recognized.
results of the dipole modeling study of Bdcker et al. Together,At the behavioral level, this should be reflected in a decrease in
these three studies suggest that the SPN preceding stimuli th&éask performance, aridr a decrease in the effectiveness of the KR
evaluate past performand¢such as KR stimuli, or probe stimuli  stimulus in guiding subsequent behavipe., the time estimation
with which the outcome of a previous task has to be matchedon the next trigl. Furthermore, an increase in task difficulty should
reflects the anticipation of the affective-motivational aspects of theaffect the subject’s motivation. If the SPN reflects the anticipation
stimulus rather than perceptual anticipatory attention. of the processing of the affective-motivational value of a stimulus,
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one would expect this to be reflected in an increase in the ampliaccording to the algorithm described by Wetherill and Leti&65,
tude of the SPNe.g., Chwilla & Brunia, 1991a; Kotani et al., so as to obtain about 60% correct responses. This window was
1999. This effect on the SPN amplitude should be independent ofised in the remainder of the experiment. The time-out was set at
stimulus modality. 4,750 ms after WS onset, and was followed by a KR corresponding
To our knowledge, the effect of stimulus discriminability upon to a response too late. Trials in which the estimated time interval
the prestimulus ERD has not been investigated yet. Furthermorayas shorter than 3,500 ms or longer than 4,500 ms were discarded
the effect of stimulus discriminability on the amplitude of the SPN from further analysis. On the average, 4.7% of the trials were
has been addressed only by two stud@swilla & Brunia, 1991b;  rejected on these grounds.
Kotani & Aihara, 1999 that yielded contradictory results. Assum- A total of 80 behaviorally correct trials was recorded for each
ing that the prestimulus ERD is a manifestation of a perceptuallycondition. The order of the eight time-estimation conditid@s
based anticipatory attention process, we expected the followingesponse sidex 2 KR modalitiesx 2 stimulus typeswas ran-
effects to occur(1) A larger prestimulus ERD preceding degraded domized over subjects. The two voluntary-movement conditions
KR stimuli than preceding intact KR stimuli. Based on the results(one for each response sjdadways preceded the time estimation
of previous experiments however, we expect the prestimulus ERRonditions, in order to prevent carryover effects from the time-
to occur only in the visual modality2) No differences in scalp estimation task to the voluntary movement task.
topography in the SPN preceding auditory and visual KR stimuli. Responses were recorded by force transducers, mounted on
(3) An increase in amplitude of the SPN preceding degraded KRooth arms of the chair. The criterion force was defined as 20% of
stimuli compared to intact stimuli, provided that notion of in- the participant’s maximum voluntary force, which was determined
creased task difficulty as a result of stimulus degradation is supprior to the experiment during a unilateral tonic contraction of 3 s
ported by the behavioral data. Finally, we will investigate the duration, separately for the left and right hands. Response onset
lower (8—-10 H2 and upper(10-12 H2 alpha bands separately, to was defined as the moment the criterion force was reached.
take into account the hypothesis formulated by Klime&t$99
that the lower alpha band reflects alertness or expectancy where#&R Stimuli
the upper alpha band reflects task-specific processes. It should Bésual KR stimuli (duration 150 mswere presented on a 15 in.
noted, however, that this claim is based on the results of twacomputer monitor located 1.2 m in front of the subject. The KR
experimentgKlimesch, Doppelmayr, Russegger, Pachinger, & Sch-stimulus could be a horizontal bén case the estimated interval
weiger, 1998; Klimesch, Pfurtscheller, & Schimke, 1982which was too shoit a vertical bai(for a correctly timed respongeor a
a response was required to the stimuli that were anticipated. Beplus sign(indicating that the estimated time interval was too lpng
cause preparing for a response also elicits ERD in the alphén the intact KR condition, the KR appeared as a white figure on
frequency range, it is unclear whether the lower alpha ERD ina black background. In the degraded KR condition, random pat-
these experiments was produced by motor preparatory processesterns of small squares were overlaid on the stimulus. Within each
by anticipatory attention for the upcoming stimulus. square, the colors of foreground and background were inverted. A
total of 20 different random square patterns was used. Figure 1
Methods presents examples of iqtact and degraded visual KR stimuli in all
three response categories.
Subjects Auditory KR stimuli(70 dB(A), 150 mg were presented through
Twelve right-handed participants, 1 man and 11 women, agec loudspeaker located 1.2 m in front of the subject, just underneath
18-29(M = 21, SD= 3) participated in the experiment. All were the computer monitor. In the intact KR condition, the KR stimuli
undergraduate students. They either received course credit pointgere pure tones with a frequency of 2000, 1000, or 500 Hz,
or were paid a small feeDfl. 10.00, about US$ 5.00 per hour corresponding to estimated intervals that were too short, correct, or
too long, respectively. In the degraded KR condition, white noise
Design and Procedure was added to the tones, but the overall output amplitude was kept
Participants were seated in a dimly illuminated, sound-attenuatingonstant at 70 dB\).
chamber. The experiment consisted of two tasks: a voluntary-
movement task and a time-estimation task. In the voluntary-
movement task, subjects were instructed to produce rapid sel
paced unilateral flexions of index finger and thumb at a slow pac
(4—6 movements per minytewith either the left or the right hand.
Trials were discarded from further analysis if the interrespons
interval was shorter than 8.5 s. On the average, 2.4% of the trial
were rejected on these grounds. A total of 80 behaviorally correc
trials were recorded for each response side.
In the time-estimation task, subjects were instructed to producs
a rapid unilateral flexion of index finger and thumb, 4,000 ms after
the onset of an auditory warning stimul(@'s; 1000 Hz, 70 dBA),
100 mg. Two seconds after response onset, subjects were informe|
about the correctness of the estimated time interval by either afi
auditory or a visual KR stimulus, that could be either intact or . "
degraded(see below The KR stimulus indicated whether the
response was too early, correct, or too late. During two initial
training blocks(one with auditory KR and one with visual KR Figure 1. Examples of intact and degraded visual stimuli in all three
the window defining a correct response was individually adjustedesponse categories.
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In a behavioral pilot experiment, a three-choice reaction timecrease following a trial with a too late response, and an RT in-
task with 9 participant§who were not included in the actual crease following a trial with a too early respopsehese data were
experimeny, we determined the level of stimulus degradation, thatanalyzed by an ANOVA with KR modalityauditory, visual, KR
is, the amount of squares for visual stimuli and the ratio of thetype (intact, degradedand response sidgeft, right) as repeated
white noise to the tone for auditory stimuli. For each modality, we measures.
presented one block of 60 intact stimuli, and five blocks of 60
Szg:sdv?/grsetlr:sullle?jlﬁt?)nZ%Isr;itfgetﬁ}[/r? l t?]fedﬁf:;a;a;r?g' t-:;e dpea;;rrt;:(;e d _Slow poter_1tials.For the computation of the slow potentials,

artifact-free trials, from 3,000 ms premovement to 3,000 ms post-

stimuli by pressing that response button, out of the three FeSPONSE ement were averaged, and the data were baseline-corrected

buttons mounted on the right arm of the chair, that corresponded tProm 2,750 to 2,000 ms prior to movement onset. The readiness

the KR stimulus. Based_on a visual |nspe9tlon of the class!flcatlorljotemial(RP; Komhuber & Deecke, 1965vas quantified as the
results, for each modality, one level of stimulus degradation wa

. . e average amplitude in a 100-ms window preceding response onset.
selected in which the percentage of correct classifications Wa?hese data were subjected to an ANOVA with variables condition
identical to that of the intact stimulithat is, between 99.6 and (voluntary movement, KR auditory intact, KR auditory degraded
99.8% correct classificationsThe reason for this is that we wanted KR visual intact. KR 'visual degradée.dresbonse sidéeft hand ’
to manipulate only perceptual difficulty, not task difficulty, in ! '

order to prevent a confounding of both processes. On these stimultri:égr:t 2?{;?.].2'; (:J:r(_)ro(lée‘g) a;f;rcoinitta; I(('g’; f%;;r]gﬁgchsen:isctgre
the reaction time(RT) effects were tested by an ANOVA for (Ieftpri hi) ' P P
repeated measures with variables modaléyditory, visual and > 9Ny

h i . S . The SPN(Damen & Brunia, 198y was quantified as the
stimulus type(intact, degraded This analysis yielded a main . ; . . .
. - A average amplitude in a 100-ms window preceding the presentation
effect of modality,F(1,8 = 6.51,p = .0340, indicating that RT ; . .
. : . . of the KR stimulus. These data were subjected to an ANOVA with
was longer following visual738 mg than following auditory

(605 m3 stimuli, and a main effect of degradatidf(1,8) = 5.96 variables KR modalityauditory, visual, KR type (intact, degrad-

- Lo . ed), response sidéleft hand, right hang electrode pairfrontal
b= '(.)405’ |_ndlcat|ng that RT was longer in the degrad?_c‘ﬁil ms_ (F3 + F4), central(C3 + C4'), temporal(TC3 + TC4), occipital
than in the intact592 mg condition. The absence of an interaction (01’ + 02)) and hemispheréeft, right
effect, F(1,8 = 0.692,p = .4300, indicated that the RT effect of ’ ’
stimulus degradation was similar for both modalities.
ERD. The ERD was computed as follows. First a weighted
Electrophysiological Recordings local average referendéljorth, 1975 was computedthe values
For the EEG recordings, 27 nonpolarizing Beckman 8-mm Ag-at surrounding electrodes were weighted by the inverse of their
AgCIl electrodes were affixed to the scalp, most of them placedlistance to the target electrodas is mostly done in ERD com-
according to the international 10-20 system. Standard positionputation(e.g., Pfurtscheller, 1991Next, the EEG was bandpass
were Fpl, Fp2, F7, F3, F4, F8, T3, Cz, T4, P3, Pz, and P4filtered using an FFT filter in two frequency bands: 8-10 Hz and
Nonstandard positions were C&8nd C4, which are 1 cm anterior 10-12 Hz. The data then were transformed into power values by
to C3 and C4, respectively; TC3 and TC4, which are at one thirdsquaring the amplitudes. Intervals of 64 consecutive samples were
of the distance from T3 to C3 and from T4 to C4, respectively; TP3averaged, giving rise to 24 time intervals of 250 ms each. For each
and TP4, which are in the center of T3, P3, T5, and C3 and in thasubject, data were averaged over trials, and ERD was computed as
of T4, P4, T6, and C4, respectively; QDZ, and O2, which are  the percentage power increa@vent-related synchronization, or
1 cm anterior to O1, Oz, and O2, respectively; and,@7’, and  ERS or decreas€ERD) for a particular time interval in a partic-
02’, which are 2 cm posterior to O1, Oz, and O2, respectively.ular frequency band, relative to the reference interval from 2,750
Electrode impedance was kept below ®.l5oftware-linked mas- to 2,000 ms premovement. The end of this reference interval
toids served as a reference. The EEG was amplified with a 30-sorresponds to the point in time when movement-related ERD
time constant, and a 70 He-42 dB/octave low-pass filter.  starts(e.g., Pfurtscheller & Berghold, 1989
Epochs of 3,000 ms premovement to 3,000 ms postmovement For the statistical analysis of the ERD, we were mainly inter-
were digitized with a sampling frequency of 256 Hz. ested in condition differences in the ERD immediately preceding
The horizontal EOG from the outer canthi and the verticalthe presentation of the KR stimulus. First however, we wanted to
EOGs of both eyes were recorded, and an off-line EOG correctiomletermine if differences between conditions in ERD can be attrib-
was performedVan den Berg-Lenssen, Brunia, & Blom, 1989 uted to differences in the level of alpha power in the reference
Subsequently, a semiautomatic artifact detection was performednterval. Therefore two ANOVAs were performed on the absolute

discarding trials containing spikes and large drift. power in the reference interval, one for the 8-10 Hz band and one
for the 10—-12 Hz band. For both ANOVAs, variables were condi-
Data Reduction and Analysis tion (voluntary movement, KR auditory intact, KR auditory de-

Behavioral data.Two behavioral measures were derived from the graded, KR visual intact, KR visual degraderkesponse siddeft

RT data. First, the quality of time estimation was monitored byhand, right hany electrode paitfrontal (F3 + F4), central(C3 +
computing the percentages of too fast, correctly timed, or too slowC4), temporal(TC3 + TC4), occipital (O1" + 02')), and hemi-
responses. These data were analyzed by an ANOVA with KRsphere(left, right).

modality (auditory, visua), KR type (intact, degradex] response Next, single-samplétests were used to determine whether the
side(left, right), and response categditpo early, correct, too laje  ERD at temporal and occipital electrode positions in the last
as repeated measures. Second, the effectiveness of the KR stimu280-ms interval preceding the KR stimulus significantly differs
was assessed as follows: for trials with too early or too latefrom zero, that is, whether theiie a significant ERD over the
responses, we computed the percentage of subsequent trials fauditory and visual cortices. To limit the number tofests, we

which the RT changed in the desired directiore., an RT de- averaged the ERD over response sides and hemispheres, because
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effects involving these factors were found to be caused exclusively KR stimuli indicating that a response was too early or too late
by postmovement processésee Results sectipn resulted, on the subsequent trial, in an average of 896 of the

Third, we wanted to test for differences between conditions incases in an adjustment of the RT in the desired direction. An
the prestimulus ERD by means of an ANOVA. On the basis ofinteraction of KR modality with KR typeF(1,11) = 7.37,p =
previous results however, we expected a postmovement ERS d2201, revealed that in the auditory modality, stimulus degradation
central electrodes that lasts until after the presentation of the KRiffected the effectiveness of the KR stimul@3 + 2% vs. 88+
stimulus, and which interferes with the prestimulus EREas- 1% correct adjustments in the degraded and intact conditions,
tiaansen, Bocker, et al., 1999n this previous study, we therefore respectivelyF(1,11) = 9.66,p = .0100. This is not the case in the
subtracted the ERD in the voluntary movement condition from thevisual modality(86 + 1% vs. 87+ 2% correct adjustments in the
ERD in the time estimation conditions, leaving the stimulus-intact and degraded conditions, respectivélyl,11) = 0.58,p =
related ERD intact in the subtracted data. This approach proved t@612.
be a good way to solve the problefsee Bastiaansen, Bocker,
etal., 1999. However, such a subtraction can be done reliably onlySlow potentials
if the movement-related ERD is similar in all conditions. To verify Figure 2 presents the time courses of the slow potentials recorded
this, we first performed an ANOVA on the movement-related during the voluntary-movement tasks and the time-estimation tasks,
ERD. We used three time intervals to assess differences betweet selected channels. Preceding the movement, a slow negative
conditions in the movement-related ERD: an early and a latepotential shift can be observed, which we identified as a readiness
premovement interval, respectively corresponding to intervals fronpotential(Kornhuber & Deecke, 1965Preceding the presentation
1,250 to 1,000 ms and from 250 to 0 ms prior to movement onsetof the KR stimulus, a slow negative potential is present that we
and the last 250 ms interval preceding stimulus presentation. Fadentified as a SPNDamen & Brunia, 198). Figure 3 presents
this ANOVA, we used only the ERD at centr&aC3' and C4) topographic maps of the average SPN in the last 100-ms interval
channels, where movement-related processes are most prominepteceding stimulus presentation.
Variables were frequency bait@-10 Hz, 10—-12 Hg time interval
(1,250-1,000 ms premovement, 250—-0 ms premovement, 250— Readiness PotentialThe ANOVA revealed that the RP has a
0 ms prestimulus condition (voluntary movement, KR auditory central maximun{main effect of electrode paiFE (3,33 = 12.19,
intact, KR auditory degraded, KR visual intact, KR visual degrad-p = .0006,¢ = .59) and a contralateral dominan@ateraction of
ed), response sidéleft hand, right hang and hemispheréleft, response side and hemisphdf€l, 11) = 48.94,p < .0001; simple
right). effect of hemisphere for left- and right-hand movemefRt4;, 11 =

For the analysis of condition differences in the prestimulus21.71,p = .0007, and~(1,11) = 13.75,p = .0035, respectively
ERD, from 250 to 0 ms prestimulus, we used only temporal andMoreover, this contralateral dominance is present at frontal, cen-
occipital electrode positions. The reason for this is that visualral, and temporal sites, not at occipital electrode positiamter-
inspection of the ERD maps indicated that there were no appreaction of response side with electrode pair and hemisphere:
ciable ERDERS effects at frontal electrode positions, whereas af-(3,33 = 51.45,p < .000). The ANOVA did not reveal any
central positions there is a large postmovement ERS; therefordifferences between conditions in the RP.
only the ERD at temporal and occipital channels is of interest.
Variables were frequency baf@-10 Hz, 10-12 Hz KR modality Stimulus-Preceding Negativitythe results of the ANOVA on
(auditory, visual, KR type (intact, degradex response sidéeft the SPN amplitudes are summarized in Table 1. The main effect of
hand, right hang electrode paittemporal(TC3 + TC4), occipital Electrode Pair indicated that the SPN was maximal at temporal
(01 + 02)) and hemispheréeft hemisphere, right hemisphére positions. The SPN was larger preceding degrated.62 +

For all ANOVAs that were performed, degrees of freedom were0.2 V) than preceding inta¢t-0.28=+ 0.2 «V) KR stimuli (main
corrected using the Greenhouse—Geisser ep&ildfasey & Thayer,  effect of KR typg. However, this amplitude enhancement as a
1987 when necessary, and significant interactions were clarifiedresult of stimulus degradation was only present preceding auditory
by breaking them down into simple effects. KR stimuli, as indicated by a marginally significant interaction of
KR modality with KR type(cf. Table 1. The underlying simple
effects clearly support this interactigsimple effect of KR type in
the auditory modalityF(1,11) = 7.75,p = .0178; simple effect of
Behavioral data KR type in the visual modalityf(1,11) = 0.09, p = .7721).
Over subjects, the average window defining correct responses wdaurthermore, the interaction Modality KR Type X Hemisphere
525 + 9 ms (throughout the results sectio] = SEM will be revealed that the amplitude enhancement of the SPN as a result of
reported. With respect to the quality of the time estimation, the stimulus degradation in the auditory modality was largest over the
ANOVA on the percentages too early, correct, and too late redeft hemisphere. This can also be seen in Table 2, which summa-
sponses reveals that subjects produce more correct resgbiises rizes the SPN amplitudes at selected electrodes.
1%) than too early or too late respong@ + 2% and 23+ 1%, Finally, the SPN was largest over the hemisphere contralateral
respectively; main effect of response categd¥{2,10 = 61.48, to the response sideteraction of response side with hemisphere
p < .0000,e = .9859. Furthermore, in conditions with auditory but this effect was significant only at central and temporal channels
KR stimuli, subjects performed poorer than in conditions with (interaction RX E X H).
visual KR stimuli, as indicated by an interaction of KR modality
with response categorf,(2,10 = 9.62,p = .0024,e = .88094. In ERD
the conditions with auditory KR, the distribution was 22% too  Figure 4 presents the time course of EFHRS at selected chan-
early, 54+ 2% correct, and 24 2% too late responses, whereas nels; Figure 5 presents topographic maps of the pre-KR ERD for
in the visual KR conditions, these percentages were 186, 60+ all conditions. The premovement ERD follows the pattern of
1%, and 22+ 1%, respectively. results usually reporte@e.g., Pfurtscheller & Berghold, 1989

Results
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SPN time courses
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Figure 2. Time courses of the grand averad¢ = 12) slow potentials at selected channels. Negativity is plotted upwards. Data are
from right-hand movementga) Comparison between both auditory time-estimation conditions and the voluntary-movement condition.
(b) Comparison between both visual time-estimation conditions and the voluntary-movement conditiofi) Kwiethe presentation

of a KR stimulus results in a stimulus-preceding negatiV&?N) that is not present in the voluntary-movement conditi@;that
preceding auditory KR stimuli, the SPN amplitude is larger when stimuli are degrade@)athat this effect is not present for KR
stimuli in the visual modality.

Starting from approximately 1,250 ms prior to movement onset, amelated ERD is globally characterized by three effects, which are
ERD can be observed over the contralateral motor cortex. Thigxpressed in the interaction of response side with time interval and
contralateral ERD shifts to a bilaterally symmetrical ERD just hemisphergR X | X H): First, at the early premovement time
prior to movement onset. Prior to the presentation of the KRinterval, there is a contralaterally dominant ERfimple effect of
stimulus, at central channels a massive postmovement ERS can BeX H at this time intervalF(1,11) = 5.15,p = .0444. Second,
observed over the contralateral motor cortex, as previously deat the late premovement time interval, there is a bilaterally sym-
scribed by, for example, Pfurtschell€r992. Prior to visual KR metrical ERD, which somewhat surprisingly displays a trend to-
stimuli, an additional occipital ERD is present, whereas prior towards a larger ERD on the ipsilateral sigmple effect of Rx H
auditory KR stimuli no appreciable ERD is observed. at this time interval:F(1,11) = 3.71,p = .0802. Third, at the
postmovement time intervalwhich corresponds to the pre-KR

Alpha power in the reference intervalhe ANOVAs on the interval in the time estimation conditionthere is a contralaterally
level of absolute alpha power in the reference interval revealed thatominant ERS(simple effect of RX H at this time interval:
there were no differences in baseline power between conditions. &(1,11) = 15.52,p = .0023. However, the contralateral domi-
main effect of electrode pa{B—10 Hz bandF (3,33 = 7.33,p = nance of the postmovement ERS is significant only following
.0203,€ = .33; 10-12 Hz bandF (3,33 = 3.81,p = .0769,¢ = right-hand movement&imple effect of hemisphere in right-hand
.33 indicated that the power was largest at occipital leads. Furmovement conditions at this time interv&(1,11) = 14.04,p =
thermore, in both frequency bands, a main effect of hemisphered032, whereas following left-hand movements, the postmove-
(8-10 Hz:F(1,11) = 11.00,p = .0069; 10-12 HzF (1,11 = 5.43, ment ERS is bilaterally symmetrical. This can be seen in Figure 5.
p = .0399 indicated that the power was larger in the right hemi- Furthermore, the magnitude of the postmovement ERS following
sphere(8—10 Hz: 327+ 37 (A/m?)? ; 10-12 Hz: 487+ 71 right-hand responses is such that it also produces the main effects
(A/m?)?) than in the left hemisphek8—10 Hz: 161+ 27 (A/m?)?; of Time Interval and Hemisphere, and the interaction of Time
10-12 Hz: 247+ 486 (A/m?)?). The absence of effects involving Interval with Hemisphere.
the factor Condition indicates that differences in ERD between However, the effects contained in the>RIl X H interaction
conditions cannot be attributed to differences in the power in theonly hold for the time-estimation conditions, as indicated by the
reference interval. fourth-order interaction Conditio” Response Sid& Time Inter-

val X Hemisphere: the simple effect of Rl X H is significant in

Movement-related ERDThe results of the ANOVA on the all four time-estimation condition&ll p values< .05) but not in

movement-related ERD are summarized in Table 3. The movementhe voluntary-movement condition. This can be attributed to the
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Scalp topography of the SPN

Response lefl. Response right, Response left, Response right,
uv E KR auditory intact KR auditory intact KR visual intact KR visual intact
I ——

Response lefl, Response right,
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-

Figure 3. Topographic maps of the stimulus-preceding negatit®yN), averaged over the last 100-ms interval preceding stimulus
presentation, in all time-estimation conditions. Positivity is depicted as light gray surrounded by black isopotential lines; negativity is
depicted as dark gray surrounded by white isopotential lines. Spacing of isopotential lineg s 8&aling as indicated in the figure.

Note (1) that only in the auditory modality, the amplitude of the SPN increases with stimulus degradatiof®) ahat the scalp
distribution of the SPN is independent of stimulus modality.

fact that in the voluntary-movement conditions, the postmovementlition (auditory intact, auditory degraded, visual intact, visual
ERS is much smaller than in the time-estimation conditions. degradefl response sidéleft hand, right hangdand hemisphere
The differences in postmovement ERS between the voluntary¢left, right). This ANOVA revealed no effects involving the vari-
movement conditions and the time-estimation conditions indicatesble condition(all p values> .18). Significant effects were re-
that we cannot subtract the ERD in the voluntary-movement taslsponse sidefF(1,11) = 5.86, p = .0340, indicating that the
from the ERD in the time-estimation task to eliminate the movementpostmovement ERS was larger following right-hand responses
related ERD from the pre-KR ERD. However, if we can demon- than following left-hand responsé31 + 13% and 6Gt 9% power
strate that the postmovement ERS at central channels is similar foncrease, respectiveland hemispherds(1,11) = 4.78,p = .0490,
all time-estimation conditions, we can still validly attribute differ- indicating that ERS was larger in the left than in the right hemi-
ences in ERD at other channels to prestimulus processes. This wapherg133+ 14% and 38t 6% power increase, respectivehin
verified by an additional ANOVA on the postmovement ERS in the interaction of response side with hemisphéré,, 11) = 15.55,p =
time-estimation conditions at central channels in the pre-KR in-.0023, further indicates that these effects are due to the fact that
terval, with variables frequency bari@-10 Hz, 10-12 Hg con-  following right-hand responses, the ERS is present exclusively on

Table 1. Significant Effects of the ANOVA on the Table 2. SPN Amplitudes in the Different Conditions, Averaged
Stimulus-Preceding Negativity Over Response Sides and Hemisphres

Effect Fdf p € SPN amplitudes

KR type (T) 6.83 1,11 .0239 KR Type Intact Degraded
Electrode pair(E) 7.20 3,33 .0027 .74 ) . ) . )

KR Modality (M) X KR Type 474 1,11 .0521 KR Modality Auditory Visual Auditory Visual
Response SidéR) X HemisphergH) 44.60 1,11 <.0001

Modality X Type x Hemisphere 532 111 .0415 Temporal Electrodes —1.0(0.3 —-1.7(0.4 —-3.7(0.3 —1.2(0.9

Response Side Electrode Paix Hemisphere 18.32 3,33 .0001 .56 Occipital Electrodes ~ 0.0.4  0.3(0.4 -0.7(0.49  0.0(0.9

Note: Reportedp values are corrected with the Greenhouse—Geisser @Note that in the auditory KR conditions only, SPN amplitudes increase
epsilon(e) (that is, become more negatjveith stimulus degradation.
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a) ERD time courses
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Figure 4. Time courses of the grand avera@é¢ = 12) power change$ERD/ERS in the 10-12 Hz frequency band at selected
channels. Data are from right-hand movements. Positive values indicate power iri&i@8saegative values indicate power decrease
(ERD). (@) Comparison between both auditory time-estimation conditions and the voluntary-movement cofdjti@omparison

between both visual time-estimation conditions and the voluntary-movement condition. Note that, because ERD is computed in 250-ms
intervals, the time courses are represented as a step function.

the contralateral sidésimple effect of hemisphere at right hand trode positions, but not at temporal electrodes. Preceding auditory
conditions:F(1,11) = 12.74,p = .0044, whereas following left- KR stimuli, there is no significant ERD; in the 10-12 Hz band,
hand responses the ERS is bilaterally symmet(®iaiple effect of  there is even a significant ERS at temporal electrode positions
hemisphere at left hand conditiort5(1,11) = .00,p = .9798; see  preceding auditory degraded KR stimuli.
also Figure 5. The differences in movement-related ERD between conditions
prohibit a subtraction of the ERD in the voluntary-movement
Prestimulus ERDTable 4 presents the results of theests on  conditions from the ERD in the time-estimation conditions. There-
the prestimulus ERD. As Table 4 reveals, prior to the presentatioore the ANOVA on the prestimulus ERD was performed on the
of visual KR stimuli, there is a significant ERD at occipital elec- nonsubtracted data. As a consequence, the results of the ANOVA
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Scalp topography of the prestimulus ERD
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Figure 5. Topographic maps of the grand averade= 12) ERD in the last 250-ms interval preceding the presentation of the KR
stimulus. Power increag&RS is depicted as light gray surrounded by black isopotential lines; power dedEeR&® is depicted as

dark gray surrounded by white isopotential lines. Spacing of isopercentage lines is 5%. Scaling as indicated in the figlrethidote
strong postmovement ERS at central electro@®shat the ERD preceding the presentation of the KR stirfright-hand columiis
dependent upon stimulus modality: preceding auditory stimuli, no ERD is present, whereas preceding visual stimuli, an occipital ERD
is present, andd) that the latter is larger preceding intact than preceding degraded stimuli.

on the prestimulus ERDsummarized in Table)sshow a number  tions, there is a significanE (1,11 = 8.15,p = .0157, difference

of effects that can be attributed to the postmovement ERS rathdretween the right9 + 2.5% power decreasand left(4 + 3.7%
than to prestimulus processes: A main effect of electrode paipower increase hemispheres, which is not present in left-hand
reveals that there is an ERD at occipital electrode positfhiis: movement conditions. The interaction of response side with elec-
1.7% power decreasevhereas at temporal electrode positions trode pair and hemisphe(® X E X H) indicates that this effect is
there is an ER$8 + 2.4% power increageVisual inspection of  restricted to temporal electrode positions. These efféRtx H
Figures 4 and 5 supports the interpretation of the latter as @and R X E X H) are probably produced by the fact that in
postmovement ERS that extends from central to temporal elecright-hand movement conditions, there is a strong contralaterally
trode positions. Furthermore, the interaction of response side witdominant ERS, whereas in left-hand movement conditions the
hemispherdR X H) reveals that in right-hand movement condi- postmovement ERS is bilaterally symmetrical. Finally, the inter-

Table 3. Significant Effects of the ANOVA on the
Movement-Related ERD

action of frequency band with KR modality and response side
indicates that in the 8—10 Hz band, following right-hand responses,
there is a significant differencef(1,11) = 7.29, p = .0207,
between the ERD preceding auditai}3 + 5% powerincrease
and visual(13 + 4% power decreageKR stimuli, which is not
present following left-hand movements. Although this does not

interact with electrode pair, it is probable that this effect is caused

Effect E df p Ep?siclaon by the differences in postmovement ERS between right- and left-
hand responses.

Time Interval(l) 16.49 2,22 .0014  .53725 The remaining two effects are not easily explained in terms of

Hemisphere(H) 571 1,11 .0359 postmovement processes, and probably truly reflect prestimulus

Response SidéR) X Hemisphere  12.65 1,11  .0045

I XH

491 2922 0474 51355 Processes. First, a trend towards a main effect of modality indi-

RXIXH 16.42 222 .0014 54220 Ccated that the ERD tended to be larger preceding viciiad- 2%
ConditionX R X | X H 351 888 .0328 .32520 power decreasehan preceding auditor§2 = 2% powerincrease

KR stimuli. Second, contrary to expectation, the ERD was smaller
aReportedp values are corrected with the Greenhouse—Geisser preceding degraded KR stimull + 2% powerincreasg than

epsilon(e). preceding intact KR stimuli9 + 2% power decreaggeas indicated
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Table 4. Results of the t tests on the prestimulus ERD, averaged over response sides and hemispheres.

Freg. Band 8-10 Hz 10-12 Hz
KR Type Intact Degraded Intact Degraded
KR Modality Auditory Visual Auditory Visual Auditory Visual Auditory Visual
Temporal Electrodes 1®) —-1(8) 11(6) 11(7) 8(6) 2 (6) 20(7)* 5 (5)
Occipital Electrodes ~ —8(5) —33(5)** 0 (5 —18(5)* —4(4) —31(3)*** —8(5) —21(5*

Note: In each cell the averagstandard errgrpercentage power change is given; negative values indicate a power decrease
(ERD), positive values indicate a power incred&RS. Note (1) that the prestimulus ERD is only significant at occipital elec-
trodes preceding visual stimuli, both for the intact stimuli and for the degraded stimul{2atitht the ERD is larger preceding
the intact than preceding the degraded stimuli. This difference is significant as revealed by the Ad&@VFable b

*p < .05; **p < .01; **p < .001.

by a main effect of KR Type. Both effects can be seen in Figures 4he ERD related to movement execution, because the results are
and 5. striking in some respects.

Prestimulus processes
The SPN was larger preceding auditory degraded stimuli than
We investigated the stimulus-preceding negativity and the eventpreceding the other three types of KR stim@uditory intact,
related changes of the power in the alpha frequency HERD/ visual degraded, and visual intacin this respect, it is interesting
ERS of the EEG related to the anticipation of auditory and visual to note that the effectiveness of the degraded auditory KR stimuli
stimuli, in a paradigm in which subjects performed a time- was lower than for the other KR stimuli in guiding the behavior on
estimation task and were informed about the quality of their timethe subsequent trial. This indicates that these stimuli were more
estimation by a KR stimulus. The perceptual anticipation wasdifficult to recognize, and, as a result, the task was more difficult
manipulated by presenting the stimuli either in intact or in de-to perform. A possible interpretation of these findings would be
graded form. The modality of the KR stimulus did not influence that subjects counteracted the reduced effectiveness of the de-
the scalp topography of the SPN. However, the SPN was largegraded auditory KR stimuli by an increase in motivation or effort
preceding degraded auditory KR stimuli than in the other threelo accurately perform the task, which produced an enhanced SPN
conditions. This coincided with a reduced effectiveness of the KRamplitude. Although independently our data provide only weak
stimulus in guiding the behavior on the next trial in the former evidence for this notion, such an interpretation is well in line with
condition. In contrast, we found clear differences between modalprevious studiegChwilla & Brunia, 1991b, 1992 which have
ities in the prestimulus ERD: preceding auditory KR stimuli no shown that SPN amplitudes increase with increasing task diffi-
ERD was present, whereas the visual KR was preceded by an ER@ulty. Thus, our data support the interpretation of the pre-KR SPN
over the occipital area&f. Table 4; Bastiaansen, Bocker, et al., as reflecting anticipation of the affective-motivational aspects of
1999. Contrary to expectation, the occipital ERD was smaller knowledge of results rather than the perceptual anticipatory atten-
preceding degraded visual KR stimuli than when intact stimulition that is described by our neurophysiological mog&tunia,
were presented. 1999. Furthermore, it should be noted that task difficulty was not
In the following paragraphs, we will first discuss the slow intentionally manipulated: in the behavioral pilot experiment, in
potentials and the ERD related to the anticipation of the KRwhich the level of stimulus degradation was determined through a
stimulus, because this is the main focus of the present article. Nexglassification task, stimulus degradation influenced reaction times
we will discuss in more detail the results of the slow potentials andout not percent correct classifications. The increase in task diffi-
culty due to degradation of the auditory stimuli in the actual
experiment might be tentatively explained by assuming that in the
classification task it was easier to discriminate between the three
auditory degraded KR stimuli because they were presented at a
higher ratglonce every 2 sthan in the actual time-estimation task,
thereby allowing for a better comparison between each new stim-

Discussion

Table 5. Significant Effects of the ANOVA
on the Prestimulus ERD

Effect E df p ulus and the preceding ofg. However, regardless of what may
have caused the unexpected increase in task difficulty, the relevant
KR Modality (M) 4.37 111 .0607  finding for the present purpose is that it affected the SPN ampli-
KR Type 8.34 111 0148 y,de, whereas a mere increase in perceptual difficulty, as in the
Electrode pai(E) 13.76 1,11 .0034 . | dality. did not lead t . in SPN litud
Response SidéR) X HemisphereH) 10.96 111 009 ViSual modality, did not lead to an increase in amplitude.
RXEXH 7.19 1,11 0214 In general terms, the results of the prestimulus ERD, that is, an
Frequency Bank M X R 14.20 1,11 .0031  occipital ERD prior to visual KR stimuli and an absence of ERD
prior to auditory stimuli, are a replication of the results of previous
“Note that the main effect of KR Modality is only marginally experimentgBastiaansen, Bocker, et al., 1999; Bastiaansen, Bru-

significant. nia, et al., 1999; Bastiaansen et al., in pye¥¢e have explained
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the absence of a bilateral temporal ERD in the EEG in terms of dhis effect is a reflection of postmovement processes, or whether it
differential sensitivity of EEG and MEG for rhythmic activity is somehow related to the anticipation of the KR stimulus. It seems
originating from the auditory cortexcf. Bastiaansen, Bécker, unlikely for several reasons that such a synchronization at central
et al., 1999; Lehtela et al., 1997; Tiihonen et al., 19%dhich has  electrode positions can be attributed to the anticipation of the KR
been partly confirmed by the results of a subsequent study constimulus. First, it is a well-established phenomenon ttimith
bining EEG and MEQBastiaansen et al., 2001n addition, we  voluntary and externally pacgdhovements are followed by ERS
have tentatively interpreted the occipital ERD prior to visual stim-in the alpha and beta bands.g., Pfurtscheller, Zalaudek, &
uli as reflecting anticipatory attentidiBastiaansen, Bocker, et al., Neuper, 1998; Stancak & Pfurtscheller, 1995, for beta ERS, and,
1999; Bastiaansen, Brunia, et al., 19989s we pointed out in the e.g., Bastiaansen, Bocker, et al., 1999; Leocani, Toro, Manganotti,
Introduction, the latter interpretation would gain strength if the Zhuang, & Hallet, 1997; Stancak & Pfurtscheller, 1996; Toro et al.,
pre-KR ERD were to be influenced by stimulus parameters. 1n1994, for alpha ERS Second, there is no qualitative, but only a
the behavioral pilot experiment, we have established that it toolquantitative difference between the ERS in the time estimation
subjects more time to classify the degraded stimuli than the intadiasks and the voluntary movement task in the present study: The
stimuli, which strongly suggests that the former were more diffi- ERS observed after the movement in the present study has a
cult to perceive. We have reasoned that in such a situation anticeentral maximum and a contralateral dominance that is most pro-
patory attention would be more prominent than in a situation innounced following right-hand movemerits all three conditions
which stimuli are easily perceived. Therefore, if the prestimulus(i.e., including the voluntary movement conditjon
ERD is a correlate of a perceptually based anticipatory attention Thus, we feel there are sufficient arguments to interpret the
process, we would expect it to be larger preceding degraded stinERS observed after the movement in the time estimation tasks in
uli than preceding intact stimuli. Although the finding of the terms of postmovement processes. The question is, then, why was
present experiment that stimulus degradation resultssmaller  this postmovement ERS larger in the time-estimation conditions
ERD (although still significantly different from zejaoes indicate  than in the voluntary-movement condition? Because the alpha ERS
a sensitivity of the anticipatory ERD to stimulus parameters, thehas been shown to vary with movement paramefess., Cassim
direction of the effect is opposite to what we expected. It is uncleaet al., 2000 just as the beta ER&Ithough the latter phenomenon
at present how to interpret this effect. has been studied more extensively, e.g., Pfurtscheller, Zalaudek, &
Finally, it should be noted that with the exception of an intricate Neuper, 1998; Salmelin, Himalainen, Kajola, & Hari, 1995; Stancak
third-order interaction including response side, which probably& Pfurtscheller, 1995; Stancak, Riml, & Pfurtscheller, 1997; Toro
reflects postmovement processes, we did not find any differencest al., 1994, it seems reasonable to attribute this effect
between the upper and lower alpha bands in any of the analyses ¢a differences in movement parameters between the voluntary-
prestimulus ERD. This argues against the hypothesis by Klimescimovement and the time-estimation conditions. These differences
and coworkerge.qg., Klimesch, 1990that the lower alpha band is in movement parameters may have been induced by the high
more related to attention ajdr anticipation(expectancy in their  constraints on the timing of the movement in the latter conditions,
terminology than the upper alpha band. However, this negativewhich were not present in the former. Unfortunately we cannot
finding may well be explained by the fact that in the present studydemonstratelifferences in movement parameters, because we did
fixed frequency bands were used instead of individually adjustechot measure EMG. However, the lack of qualitative differences
frequency bands. Indeed, Klimes¢h999 has shown that using between the voluntary-movement and the time-estimation condi-
fixed frequency bands may, in some cases, blur true differences itions does support this interpretation. Finally, it must be noted that
upper and lower alpha bands, due to the fact that individuals diffepur findings in this respect contrast with the results of a previous
in their individual alpha peak frequencies. Using frequency bandstudy, where we did not find any differences in movement-related
adjusted on the basis of the individual alpha peak may help t&ERD/ERS between both taskBastiaansen, Bocker, et al., 1999
better reveal possible differences in the prestimulus ERD in thé-urther research would be needed to clarify this issue.

upper and lower alpha bands in future research. In conclusion, in the main, our results support a clear dissoci-
ation between the SPN and the anticipatory ERD. Our present data
Movement-Related Processes are in agreement with the notion that the pre-KR SPN is mainly a

The RP that was observed prior to movement execution did noteflection of the affective-motivational anticipation of a stimulus
show any differences between conditions. However, the analysebat evaluates past performance, in that it is larger in the more
of the movement-related ERD indicated that although the premovedifficult condition. In addition, although the exact functional sig-
ment ERD was similar for all conditions, there was a markednificance of the anticipatory ERD needs to be investigated by
difference in the magnitude of the ERS at central positions fol-further delineating its antecedent conditions, the results globally
lowing the movement between the time-estimation task and thesupport the idea that the anticipatory ERD is related to perceptual
voluntary-movement task: in the former task the ERS was muclanticipatory attention because it was influenced by stimulus
larger than in the latter. A point of concern, therefore, is whetherdegradation.
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