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Abstract The influence of selective attention on P50 gating – the decline of the amplitude of the P50 component of the auditory
evoked potential (AEP) to the second of a pair of clicks – was examined. Three conditions were presented in counterbalanced
order to 29 healthy volunteers: a baseline condition, in which the double click was presented and no specific task was required,
an attention condition in which attention to the clicks was required, and a distraction condition in which paired clicks were
presented during rehearsal time of a reversed digit span task. P50 gating, as measured with ratio and difference scores, did not
differ across the three conditions. However, the amplitude of the N100 showed an increase in the attention condition compared to
the two nonattention conditions, supporting the validity of our task manipulations. The data on P50 demonstrate that P50 gating
is not affected by attentional manipulations.

Introduction

The suppression of the amplitude of the P50 (Pb or P1)
of the auditory evoked potential (AEP) in click pairs has
been the focus of attention in both animal (van Luijtelaar
et al., 1998; Ellenbroek et al., 2000; De Bruin et al.,
2001) and clinical studies (Adler et al., 1982; Freedman
et al., 1987; Judd et al., 1992). In a double-click paradigm
two identical clicks are presented with a short (500 ms)
interval. There is a reduction in amplitude of the P50 of
the second of the paired clicks in normal subjects, re-
flecting a slow inhibitory process. However, in schizo-
phrenic patients the response to the second click is com-
parable with the response to the first or only minimally
reduced. This phenomenon has been interpreted as a re-
flection of impaired sensory gating (Adler et al. 1982;
Nagamoto, Adler, Waldo, & Freedman, 1989; Freedman
et al., 1987). It can be speculated that the absence of the
decline in amplitude to the second click in a episode of
500 to 1000 ms after stimulus presentation reflects neu-
ronal impairment of auditory sensory gating, which re-
sults in flooding the brain with redundant information,
and that this disturbance might be involved in the cogni-
tive deficit that occurs in schizophrenia.

The P50 component is generally considered exoge-
nous, i. e., insensitive to cognitive operations. AEP com-
ponents that occur 100 ms or more after stimulus presen-
tation are endogenous and under the influence of cogni-
tive processes (Coles & Rugg, 1995). Although the P50
potential is thought to be insensitive to attentional vari-
ables, (Freedman et al., 1987; Waldo & Freedman, 1986),
the findings regarding attentional influences onP50 gat-
ing are contradictory. P50 gating is not affected by ma-
nipulations of attention according to some (Jerger, Big-
gins, & Fein, 1992; White & Yee, 1997) and is therefore
considered by these authors as preattentive. Others have
found that P50 gating is reduced when subjects are in-
structed to pay attention to the stimuli (Guterman, Josias-
sen, & Bashore, 1992; Guterman & Josiassen, 1994). It is
important to establish the effects of attention on P50 gat-
ing in order to interpret suppression of P50 gating in sub-
jects with various psychopathologies. Therefore, the gen-
eral question is whether gating is a preattentive, “hard-
wired,” neuronal slow inhibitory process (Jerger et al.,
1992; White & Yee, 1997), or a manifestation of a process
under the influence of attention (Guterman et al., 1992;
Guterman & Josiassen, 1994).

The reasons for the different results reported in the
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literature are not clear. The study conducted by Jerger et
al. (1992) showed that P50 gating was comparable in
the two tasks that required attention whereas the ampli-
tude of the N100 of the second click was larger. The
N100 is considered a direct index for selective atten-
tion; its amplitude is positively related to the amount of
attention invested (Hilyard et al., 1973; Coull, 1998).
The presentation of the N100 data assists in interpreting
whether attention was successfully manipulated or not.
White and Yee (1997) found no effects of attention on
P50 gating, compared to a baseline condition. However,
in a second experiment in which they compared a stress
with a baseline condition, a change in P50 gating was
found. In a subsequent experiment they found that com-
peting cognitive activity, as opposed to a resting, base-
line state, did not elicit differences in P50 gating (Yee &
White, 2001). However, no N100 amplitudes and
changes were reported. Guterman et al. (1992) applied
four conditions that differed in the amount of selective
attention to the auditory stimuli: Their analyses showed
differences in P50 gating as well as in N100 amplitude
across the conditions. In this study the conditions in
which attention was modulated resembled the “stress”
condition used by White and Yee (1998). The aim of the
present study was to further elucidate the influence of
selective attention on P50 gating in a within-subjects
procedure, which included both a baseline (resting)
condition, an attention condition, and a distraction con-
dition. Moreover, we included the amplitude of the
N100 in the analysis in order to demonstrate that atten-
tion was successfully manipulated.

Methods

Subjects

Twenty-nine healthy (11 M, 18 F) volunteers participat-
ed as subjects; their age was between 18 and 47 years.
Individuals were excluded if they had a history of signif-
icant medical, neurological, or psychiatric illness, in-
cluding alcohol and substance abuse, or the presence of
such disorders in first-degree relatives. Smokers were
excluded as well. A further constraint was that no rele-
vant medical illness had been present, and that no medi-
cation had been used in the month before testing, and that
no coffee or tea had been consumed in the last 12 hours
before testing. The study was approved by the Human
Ethics Committee of the UMC Nijmegen. Subjects gave
informed consent after full explanation of the study pro-
cedures. Electroencephalograms (EEGs) were obtained
purely for research purposes.

Experimental Design

Auditory pairs of clicks were presented through head-
phones. The stimuli were created and generated by the
Neuroscan Stim system. The clicks had a duration of
0.2 ms and an intensity of 80 dB. The interval between
the first and the second pulse was 500 ms. The intertrial
interval (interpair interval) varied randomly between 8
and 10.5 s. Eight practice trials were presented to famil-
iarize the subjects with the stimuli and to ensure no star-
tle response was elicited. Subsequently, 84 trials were
presented three times (three conditions). In 20% of all
auditory stimulus pairs, a click-tone pair was presented
instead of a click pair; these were pseudorandomly dis-
tributed across trials.

The participants were exposed to three conditions. In
the baseline condition, the subject was instructed to sit
back and relax, but nothing was said about the presen-
tation of the auditory stimuli. In the attention condition,
the subject was instructed to attend to the tones, and to
count them silently. Subjects were asked to report the
total number of tones after completion of the first 42
trials and after the second 42 trials. A discrepancy of
more than two between the answer and the actual num-
ber of tones was considered to indicate a failure to com-
ply with the task instructions. In the distraction condi-
tion, the subjects were engaged in a reversed digit-span
task when the auditory stimuli were presented. The dig-
its (white digits, background black, 1 s/digit) were vis-
ually presented, and the subject was instructed to mem-
orize and to recall the digits in reversed order after an
imperative stimulus. The screen turned blank after the
last digit in the sequence, the subjects had to rehearse
the digits and in the meantime three click-pairs were
presented, just as in the other two conditions. Next, the
imperative stimulus was presented for 1 s: a solid green
circle in the middle of the screen against a black back-
ground. After 5 s, another digit sequence appeared, and
the cycle started again. The responses of the subjects
were recorded verbatim. Prior to this condition, subjects
were tested on the digits backward task to assess their
memory span. This span was then used, while on 5% of
the trials one digit less and on 5% trials one digit more
were presented to the subjects, in order to both motivate
the subjects and keep them alert.

The order in which the three conditions were present-
ed was counterbalanced. The instructions stressed that
subjects should pay attention to the auditory stimuli in
the attention condition, whereas in the distraction condi-
tion subjects were told that their memory span was being
measured, and that the auditory stimuli were distractors
they need not attend to.
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Signal Recording

Electroencephalogram recordings were made with
Ag/AgCl cup electrodes from Fz, Cz, and Pz (Interna-
tional 10–20 system, Jasper, 1958), and according to in-
ternational guidelines (Picton et al., 2000). Linked mas-
toids were used as reference. The bandpass was between
0.53 and 500 Hz. Horizontal electro-oculogram (EOG)
recordings were made from tin electrodes placed at the
outer canthus of each eye. Similarly, vertical EOG was
recorded from electrodes placed infra- and supraorbital
to the left eye. The bandpass for EOG was between 0.032
and 100 Hz. A ground electrode was attached to the left
temporal-parietal scalp. We attached the electrodes using
electrode paste (Ten 20 Conductive EEG paste, D.O.
Weaver & Co., Aurora, CO, USA) after cleaning the skin
with alcohol (90%) and scrubbing with Nuprep ECG &
EEG Abrasive Skin Prepping Gel (D.O. Weaver & Co.,
Aurora, CO, USA) to keep impedance below 5kΩ. The
sample rate was 2000 Hz.

Data Analysis

The EEG and EOG data of the three conditions were
analyzed using a software package especially designed
for EEG and AEP data processing (Neuroscan Edit).
First, all of the sampled EEG epochs were baseline
(100 ms baseline) corrected. Subsequently, all epochs
containing vertical EOG movements or muscle activity
(amplitudes > 100µV) were removed. The epochs were
filtered offline at 70 Hz.

Peaks scoring was done manually. The P50-N100
complex was visually identified, where the P50 was de-
fined as the positive peak preceding the large N100 com-
ponent. The P50 was measured relative to the preceding
through, the Nb. This is a common procedure used in P50
gating research which was first explicitly described by
Nagamoto et al. (1989). An auxiliary criterion was used
for scoring the peak after the second stimulus: It should
occur 500±10 ms after the 1st P50 (Nagamoto et al.,
1989).

P50 gating measures were calculated by (1) subtract-
ing the P50 amplitude S2 from S1 (e. g., Smith, Boutros,
& Schwarzkopf, 1994); (2) the ratio between S2 and S1
(S2/S1).

Statistical Analysis

The dependent variables were evaluated by means of
repeated measure MANOVA’s for the N100 amplitude,
the P50 amplitude, and for the two gating measures. Both

CLICK (2 levels, S1 versus S2) andCONDITION (baseline,
attention, distraction) were treated as within-subjects
factors, with order of condition (6 levels: ABC, ACB,
BAC, BCA, CAB, CBA) as a between-subject factor.

To assess test-retest reliability of the P50 amplitudes
as such, intraclass correlation coefficients (ICC) of the
amplitude of the P50’s and its gating measures across the
three conditions were calculated (Bartko & Carpenter,
1976; Smith et al., 1994). The ICC is in fact the variance
of the measures between individuals, compared to the
total variance, i. e., the sum of the variance within and
between individuals.

Pearson correlation coefficients between the condi-
tions for each P50 gating measure and P50 amplitudes
were calculated as well. However, the correlation coeffi-
cients should not be extremely high since some system-
atic variance was introduced by having six different or-
ders.

Results

None of the subjects made a substantial number of errors
in the distraction condition or miscounted the number of
stimuli by more than two in the attention condition. None
of the subjects reported afterward, even if asked, that
they were unable to comply with the task instructions.
Therefore, all data were included in the overall statistical
analyses.

The P50 was most often best expressed at Cz, al-
though clear P50 was also seen at Fz or Pz. Figure 1
shows the grand average AEP in the three conditions.
The mean and standard deviations of the amplitude of the
P50 and N100 at Cz, as well as the variables that indicate
gating, are shown for the three conditions in Table 1.
Analysis of theamplitude of the N100revealed a signif-
icant effect forCLICK [F(1, 23) = 58.47,P < .001] and
CONDITION [F(2, 22) = 8.76,P < .01]. Interactions be-
tweenCONDITION × ORDER[F(10, 44) = 4.96,P < .001] and
CLICK × CONDITION × ORDER [F(10, 44) = 4.17,P < .001]
were additionally found. Post-hoc analysis ofCONDITION

(Bonferroni corrected) revealed that the amplitude of the
N100 was larger in the attention condition compared to
the baseline and the distraction conditions; post-hoc tests
on the interactions demonstrated that the amplitude of
the N100 was larger if the attention condition was pre-
sented as the first condition rather than as the last condi-
tion. Gating of the N100did occur (significantCLICK ef-
fect), although there was no interaction between click
and condition, suggesting that attention did not affect
N100 gating.

The multivariate repeated measures analysis of vari-
ance on theamplitude of the P50showed a significant
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effect ofCLICK [F(1, 23) = 21.95,P < .001] andCONDITION

[F(2, 22) = 6.28,P < .05]. There were no significant ef-
fects for order of condition or for interactions. The sig-
nificant CLICK effect and the larger amplitude on the first
compared to the second click indicates that gating oc-
curred. Moreover, a significant effect of condition on the
amplitudes of the P50 was found. Post-hoc analysis
showed that the baseline condition differed from the at-
tention condition (P = 0.024, Bonferroni corrected),
though no significant difference was found between
baseline and distraction conditions, nor between atten-
tion and distraction conditions.

All subjects were included in the analyses of P50 gat-

ing, and no truncation of outliers took place. The twoP50
gatingmeasures (S1-S2 and S2/S1) were analyzed, but
neither of them showed any main effects or an interaction
betweenCONDITION andORDER. Using anα of 0.05, given
the variances observed and the sample size of 29 sub-
jects, the statistical tests used had a power of 0.80 to
discern between any two of the conditions a difference
of minimally 0.90 for the S1-S2 and a difference of 0.37
for the S2/S1.

The Pearson correlation coefficients and the ICC’s of
the P50 amplitudes and the gating measurements are pre-
sented in Table 2.

Table 1 Means and standard deviation (SD) of the amplitude (in
µV) of the P50, two measures of P50 gating and the amplitude of
the N100.

Baseline Attention Distraction
condition condition condition
Mean SD Mean SD Mean SD

P50
S1 3.13 2.32 3.73 2.43 3.41 2.40
S2 1.80 1.60 2.34 1.69 2.40 2.30

S1-S2 1.33 1.71 1.39 1.82 1.01 1.75
S2/S1 0.71 0.71 0.78 0.58 0.86 0.76

N100
S1 –16.16 8.91 –18.25 10.51 –14.08 7.90
S2 – 5.87 2.81 –  8.03 3.65 – 5.73 2.54

Table 2 Pearson correlation and intraclass correlation coefficients
of P50 amplitudes and P50 gating measures.

Attention Distraction
condition condition

P50 S1
Baseline condition 0.83** 0.72**
Attention condition 0.68**
Distraction condition ICC 0.74

P50 S2
Baseline condition 0.60** 0.60**
Attention condition 0.30
Distraction condition ICC 0.45

S1-S2
Baseline condition 0.40* 0.45*
Attention condition 0.48**
Distraction condition ICC 0.45

S2/S1
Baseline condition –0.13 0.63**
Attention condition 0.22
Distraction condition ICC 0.29

P < .05 **P < .01

Figure 1 Grand average of the AEP’s in the three conditions to the first
(large potential) and second (small potential) click. Top: baseline condition,
middle: attention condition, bottom: distraction condition. Note the pres-
ence of a myogene response (at 17 ms after stimulus onset) in the lower
trace.
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Discussion

The attention condition showed a higher amplitude of
the N100 compared to the baseline and distraction con-
ditions. This result is consistent with data reported in
the literature, in which it is generally found that the am-
plitude N100 is higher under conditions of selective at-
tention (Hillyard et al., 1973; Mangun & Hillyard,
1995). The amplitude of the N100 can be considered as
a marker for attention. Our findings concerning the am-
plitude of the N100 validate our task manipulations.
However, theCLICK effect demonstrating gating of the
N100 and also the interaction betweenORDERandCONDI-

TION show that attention and task instruction are not the
only factors that influence the amplitude of the N100.
Since the amplitude of the N100 tended to be higher in
the first condition than in the other two conditions, it
seems that novelty and fatigue also modulate the ampli-
tude of the N100. Interestingly, although gating was
found to occur for the N100, the lack of interaction be-
tween condition and click suggests that N100 gating is
not influenced by attention.

A preliminary and surprising finding was that the am-
plitudes of the P50 differed in the three conditions. The
interpretation of this finding is unclear, however, as there
seems to be no difference between the distraction (and
perhaps demanding) condition, on the one hand, and the
baseline and attention conditions, on the other hand –
only between the baseline and attention conditions. Per-
haps the amplitude of the P50 is under the influence of
higher cognitive processes. Attention effects in the mid-
dle-latency range (12–50 ms from stimulus onset) appear
to occur under some conditions, but it is not clear wheth-
er these effects are exogenous or endogenous (Näätänen
& Teder, 1991). Also Hackley’s review (1993) on evoked
potentials and selective attention shows that in some
studies attention could modify potentials as early as
30 ms. The difference between the effects of attention on
the amplitude of N100 and P50, (attention > baseline and
distraction vs attention > baseline, respectively) might
be due to a larger signal to noise ratio for the two com-
ponents: The amplitude of the P50 is much smaller than
that of the N100.

Task manipulation did not influenceP50 gating.Gat-
ing occurred in all three conditions, and the lack of in-
teraction betweenCLICK andCONDITION demonstrates that
neither selective attention nor distraction had an effect
on P50 gating in healthy volunteers. This lack of a con-
dition effect seems quite reliable considering the large
number of subjects used; more sensitive tests (paired
t-tests) did not reveal a difference (even a small one)
between any of the three conditions, and the difference
in gating between any of the conditions had to be .9

instead of the obtained .38, .32 or .6 for S1-S2 and .37
instead of .15, .8 and .7 for the S1/S2. The present find-
ing – no effect of attention on P50 gating – is consistent
with the view that gating is a preattentive phenomenon.
The distraction condition of our study required the par-
ticipant not only to attend to a different modality (visu-
al), but also to memorize and process the digits in order
to recall them in the reversed order. The complexity of
this task distracts subjects from the auditory stimuli. It
can perhaps also be regarded as a somewhat demanding
task, comparable to the “stress” condition used in the
White and Yee study (1997). They found a reduction in
P50 gating when the stress condition was compared to
the baseline condition. Disturbances in P50 gating were
also found in Post Traumatic Stress Disorder patients
(Neylan et al., 1999). However, in the present study a
reduction in gating was not found in the distraction con-
dition, suggesting that the complexity of the task did not
induce sufficient amounts of stress in our subjects to
reduce gating. This might be due to the fact that the level
of difficulty of this task was individually adapted in our
study. Moreover, it was found recently that P50 gating
is not affected by cognitive activity (Yee & White,
2001). However, no N100 amplitudes were reported
which could have provided information about the
amount of selective attention that was directed to the
auditory stimuli. The contradictory results of Guterman
and Josiassen (1994) (see Introduction) could be partly
explained by a confounding effect due to the require-
ment to respond: Anticipation and preparation of a mo-
tor response were required in their study. Moreover, Yee
and White (2001) also suggest that heightened facial
muscle activity and strong task demands have modula-
tory effects on P50 suppression. Other studies investi-
gating P50 gating and levels of arousal indicate that
gating in rats as well in humans is not always altered
across different states of arousal and sleep (van Luijte-
laar et al., 1998; Kisley, Olincy, & Freedman, 2001).
The P50 gating process, therefore, seems to be a robust
preattentive phenomenon.

The value of the ICC for the P50 amplitude after the
first click is consistent with the findings of Arnfred et
al. (2001a). It indicates that the amplitude of the P50 is
robust and reliable within subjects. The ICC was lower
for the S2, suggesting that is was less reliable and more
variable within subjects. Also the ICC of gating as ex-
pressed by the S2/S1 ratio found in the present study
(also described as T/C ratio) was lower than that ob-
tained by Arnfred et al. (2001b), although it exceeded
the ratios found by others (e. g., Freedman et al., 1987;
Waldo et al., 1986). However, this measure as such is
prone to large deviations, not uncommon for ratios. The
ICC of gating calculated as the difference between S1
and S2 is higher than the ICC of the ratio score and
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seems therefore to be preferable to a ratio score (see also
Smith et al., 1994). Based on the values of both the
product-moment and intracorrelation coefficient, we
consider that the consistency of the measures over the
three conditions is sufficient and comparable to what
others have reported.

The double-click paradigm and P50 gating can be con-
sidered a valid measure in clinical research (e. g., on
schizophrenia) to establish whether preattentive process-
es are disturbed. However, it is doubtful whether gating
in the auditory modality is strongly correlated with gat-
ing in other modalities (Adler et al., 1985), and whether
there is a relationship between disturbed gating in the
somatosensory and the auditory modality in healthy vol-
unteers and schizophrenic patients (Arnfred et al.,
2001a). Until now, there was little evidence of cross-
modal correlation of normal and disturbed.

It can be concluded that auditory sensory gating seems
to be a unique and quite reliable paradigm for measuring
automatic and preattentive processes.
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