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Effects of attentional and stressor manipulations

on the P50 gating response
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Abstract

The decline in amplitude of the PSO component of the event-related potential to the second of paired clicks has been
suggested as a measure of preattentional gating. Two experiments were conducted to assess the effects of attention and
a psychological stressor on PS0. Experiment | included two choice reaction time tasks designed to direct attention
selectively to the first or second click in each pair. Results suggest that the N100 component was responsive to
attentional manipulations, whereas PS0 was not affected. Experiment 2 examined the impact of a brief psychological
stressor on the P50 response. Parallel mental arithmetic tasks were administered silently and orally. Self-report and
measures of autonomic activity were used to assess the level of stress occurring during the performance of the mental
arithmetic tasks. Results indicate that P50 suppression was sensitive to the acute stressor, the oral mental arithmetic task.
Implications of these findings for studies of PSO suppression in schizophrenia are discussed.

Descriptors: P50, Sensory gating, Attention, Psychological stressor, Heart rate, Electrodermal activity

Normal filtering during information processing involves a dimin-
ished response to some stimuli and thus allows individuals to
regulate vigilance by ignoring extraneous stimuli and attending to
relevant stimuli. Gating, which represents a specific form of this
filtering process, refers to the strength of inhibitory circuits in a
conditioning—testing paradigm, in which some form of paired or
sequential stimuli are presented to an individual. In a series of
studies, Freedman et al. (1987) demonstrated that the P50 compo-
nent of the auditory event-related potential (ERP) is reduced in
response to the second or test stimulus relative to the response
elicited by the initial or conditioning stimulus when the two clicks
are delivered 500 ms apart, and pairs of clicks are separated by an
intertrial interval (ITI) of at least 10 s. The first stimulus is be-
lieved to activate or condition the inhibition, whereas the second
stimulus tests the degree of inhibition (e.g., Freedman et al., 1987;
Freedman, Adler, Waldo, Pachtman, & Franks, 1983). A metric
frequently used to describe the relationship between these two
responses is the test/conditioning suppression ratio. In normal in-
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dividuals, the typical P50 suppression ratio has been reported to be
less than .40, whereas under the same conditions ratios are often
substantially higher in individuals with schizophrenia (e.g., Freed-
man et al., 1987). This reduced or absent P50 suppression in schizo-
phrenic patients is hypothesized to reflect neuronal impairment of
auditory sensory gating and preattentive processes (Freedman
et al.,, 1987; Freedman, Waldo, Bickford-Wimer, & Nagomoto,
1991).

Although sensory gating is theoretically inferred from alter-
ations to the amplitude of the P50 response to the test stimulus
(e.g., Freedman et al., 1987), the precise relationship between
conditioning and test responses has yet to be clearly specified
(Smith, Boutros, & Schwarzkopf, 1994). Previous research on gat-
ing, for instance, has found P50 to the conditioning stimulus to be
significantly reduced among unmedicated schizophrenic patients
(e.g., Adler et al., 1982; Freedman et al., 1983) and undifferentiated/
disorganized schizophrenic patients (e.g., Boutros, Zouridakis, &
Overall, 1991) in comparison with normal comparison partici-
pants. Moreover, Boutros et al. (1991) found no differences be-
tween schizophrenic and normal control participants in the P50
amplitude response to the testing stimulus. Given this pattern of
findings in schizophrenic patients and reliance on the ratio mea-
sure of P50 suppression, it is important to determine the extent to
which transient variables, such as stress and anxiety, or more stable
factors, such as psychopathology, influence the conditioning and
test responses differentially.

For gating to be inferred accurately, changes in P50 also must
result from inhibition rather than from fluctuating attention or
incomplete neuronal recovery (e.g., Jerger, Biggins, & Fein, 1992).
That is, the demonstration of P50 as a preattentive component is a
necessary antecedent condition if the P50 suppression ratio is to
represent the hypothesized measure of gating. Toward that end,
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Hillyard, Hink, Schwent, and Picton (1973) found P50 amplitude
to be relatively unaltered by changes in attention using trains of
single stimuli presented with irregular interstimulus intervals. Jerger
et al. (1992) similarly concluded that P50 is immune to the effects
of attention when they demonstrated, with paired click stimuli, that
P50 amplitude to the test stimulus fails to change in response to
attentional manipulations that alter the N100 component of the
ERP. In their paradigm, attention to the test stimuli was manipu-
lated by instructing participants to discriminate either the number
or sound intensity among four click stimuli. Another investigation,
however, reported contradictory results. Using four manipulations
of experimental demand, Guterman, Josiassen, and Bashore (1992)
found that P50 amplitude to the testing stimulus was influenced
significantly when participants selectively counted paired stimuli.

Studies examining the influence of other psychological factors
known to influence measures of information processing also have
yielded inconclusive results. Waldo and Freedman (1986) in-
structed participants to perform a silent mental arithmetic task
while listening to paired clicks. They found that the mental arith-
metic task significantly reduced N100 amplitude but did not alter
the P50 suppression ratio. There was some suggestion, however,
that increased anxiety might be associated with reductions in P50
suppression in a small portion of their sample. Using a cold-
pressor manipulation, Johnson and Adler (1993) successfully dis-
rupted P50 suppression in a group of normal control participants,
although the degree of impairment varied considerably between
participants.

Taken together, results of these studies provide somewhat con-
flicting evidence as to the involvement of psychological variables
on P50. The present study was undertaken to reconcile differences
among these studies and to investigate the extent to which psy-
chological processes might influence P50 suppression. Specifi-
cally, separate experiments were conducted to examine the effects
of attention and a brief psychological stressor on P50 amplitude

suppression.

EXPERIMENT 1: THE EFFECTS OF ATTENTION

Experiment 1 was designed to clarify the role of attention in P50
suppression by examining methodological differences that might
account for the contradictory results reported by Jerger et al. (1992)
and Guterman et al. (1992). Building on the paradigm developed
by Jerger et al., several stimulus parameters were modified to
reconcile differences between the two studies. The duration of
click stimuli was increased to determine whether a more salient
stimulus might foster attentional influence on the P50 response.
Instead of the 0.05-ms square-wave click reported by Jerger et al.,
a longer click duration was introduced to more closely approxi-
mate the 10-ms click used by Guterman et al. The duration of the
varying ITI was increased to allow for more complete neuronal
recovery. In comparing the effects of various ITIs on P50, Zou-
ridakis and Boutros (1992) concluded that durations shorter than
8 s do not permit the inhibitory mechanism of the brain to fully
recover between trials. Jerger et al. used a 7-8 s varying ITI,
whereas Guterman et al. (1992) relied on a fixed ITI of 11 s.
Although a varying ITI was used in the present study, the mini-
mum duration was set at 10 s. In addition, two procedural changes
were implemented. First, the traditional passive P50 protocol was
included to serve as a baseline for direct comparison with the other
experimental tasks. Second, electroencephalogram (EEG) data were
corrected for the effects of ocular noise. Jerger et al. excluded all
trials containing significant eye movement activity, whereas Gu-
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terman et al. employed an eye movement correction procedure.
Thus, this experiment attempted to reconcile several differences
between the protocols used in the studies reported by Jerger et al.
and Guterman et al. The focus of this investigation was to test
whether the P50 suppression ratio is preattentive in time course
and therefore is an adequate measure of sensory gating. To verify
that attention had been engaged, this protocol relied on N100
amplitude changes (Hillyard et al., 1973).

Method

Participants

Six men and seven women between 18 and 35 years of age partici-
pated in this study. Two of the participants were graduate student
volunteers, and the rest were undergraduate students who received
course credit for their participation. Participants who reported a per-
sonal or family history of neurological or psychiatric disorders or a
personal history of drug or alcohol abuse were not included in the
study. Individuals who smoked regularly or during the 48 hr prior
to testing were also not included because nicotine has been found to
have a transient effect on P50 sensory gating (Adler, Hoffer, Grif-
fith, Waldo, & Freedman, 1992). All participants received audio-
metric testing to verify normal hearing and all provided informed
consent.

Psychophysiological Recording Methods and Apparatus

EEG was recorded from three midline electrode sites, Fz, Cz, and
Pz (Jasper, 1958), referenced to linked electrodes placed on the
participant’s ear lobes. The electrooculogram (EOG) was recorded
by placing electrodes above and below the right eye. All of these
measures were recorded from Sensormedics miniature Ag/AgCl
electrodes, and all impedances for recording electrodes were below
5,000 €). Signals were collected with a Grass Model 12 Neurodata
Acquisition System with half-amplitude analog filters at 0.1 and
1000 Hz. EEG signals were amplified 20,000 times; EOG was am-
plified 5,000 times. Stimulus presentation and data collection were
controlled with an ASYST program using a Keithley Metrabyte
DAS 1602 laboratory data acquisition board on a 66-MHz Dell 80486
DX-based personal computer. Data were sampled for 1,200 ms at
1000 Hz within each channel, beginning 200 ms before stimulus pre-
sentation. Reaction time (RT) was recorded from a button press with
the thumb of the dominant hand and was measured in milliseconds
from the conditioning stimulus. RT data collected for two partici-
pants were unavailable due to equipment malfunction.

Auditory Stimulation

Click stimuli and background noise were created by amplification
of white noise generated by a San Diego Instruments Sound Gen-
erator board. Duration and intensity of the click stimuli were con-
trolled by a DAS 1602 D/A board. The white noise was amplified
further through a Coulbourn Instruments Audio Mixer-Amplifier
and was delivered to each participant over Realistic Nova 28 head-
phones (Tandy Corporation, Houston, TX). Sound levels of the
stimuli were verified by a Davis Instruments SL-130 sound level
meter read from the A scale.

High-intensity clicks were delivered at 90-dB SPL with 40-dB
SPL background white noise. Moderate-intensity clicks were 80-dB
SPL with 40-dB SPL background white noise. All clicks were 3 ms
in duration, and all paired clicks were separated by an interclick
onset interval of 500 ms. The time between onset of the first
stimulus in successive pairs (ITI) varied between 10 and 14 s.
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Procedure

Participants were presented with three tasks while seated upright in
a sound-attenuated room. During the baseline task, participants
were instructed to sit quietly and listen to 80 trials of high-intensity
paired clicks, with a 30-s rest period after Trial 40. During the two
selective attention tasks, four types of stimuli were presented in
random order: (a) moderate-intensity single clicks, (b) moderate-
intensity paired clicks, (c) high-intensity single clicks, and (d)
high-intensity paired clicks. Fifty-two percent of the trials (82
trials) included high-intensity paired clicks identical to the clicks
administered during the baseline task. Each of the three remaining
types of clicks accounted for 16% (26 trials) of the total trials per
task administration. Thus, a total of 160 trials was presented during
each of the selective attention tasks.

For the intensity task, participants were instructed to press the
response button as soon as a high-intensity stimulus was detected,
regardless of whether the stimulus involved single or paired clicks.
This discrimination could be made on the basis of information
present in the first click. For the number task, participants were
directed to press the response button as soon as they could detect
a pair of click stimuli, regardless of whether the clicks were of
moderate or high intensity. For this task, the presence or absence
of a second click was necessary for correct task performance.

Identical auditory stimuli were administered during both tasks;
only the instructions were varied. All participants received both
selective attention tasks, with the order of administration counter-
balanced across participants. Participants received a 3-min break
between the baseline and first selective attention task and a 5-min
break between the two selective attention tasks.

Waveform and Component Analysis

Single trials were individually screened by computer algorithm
before being included in the averages. Single EEG trials were
excluded from the average if EEG at any electrode site saturated
the A/D converter (>+256 wV). Those single trials remaining
after this preliminary screening were corrected for the effect of eye
movement by using a procedure that removes ocular noise (Grat-
ton, Coles, & Donchin, 1983; Miller, Gratton, & Yee, 1988). After
correction for eye movement, trials for which a participant pro-
vided an incorrect response were excluded. Single trials were
Fourier filtered at 10-50 Hz for measurement of the P30 and P50
components and at 1-20 Hz for measurement of N100 (Jerger
et al., 1992). For each participant, at least 65 trials were included
in the ERP averages computed for the high-intensity paired clicks
in each of the baseline and selective attention tasks following this
process.

All ERP components were measured at Cz. For measurement of
amplitude, the P50 peak was determined relative to the preceding
negativity (Jerger et al., 1992)." The latency of the P50 peak was
identified as the maximum positivity between 40 and 80 ms post-
stimulus. P30 amplitude and latency were identified at the most
positive point between 20 and 40 ms. The maximum negativity
between the P30 latency and the PSO latency was then used for
measuring PSO amplitude. N100 amplitude was identified as the

I Because PS50 is small and often occurs as the N100 begins, lhe mea-
surement of the PSO component relative to the prestimulus baseline may
introduce a possible artifact. Specifically, the overlap between P50 and
N100 can cause the entire PSO to be negative (Erwin & Buchwald, 1986).
Therefore, selective digital filtering of the P50 and N100 components, and
measurement of P50 relative to preceding negativity, as recommended py
Jerger et al. (1992) and described above, was applied to reduce the potential
effects of this artifact.
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most negative point in the 50-150-ms poststimulus window and
was measured relative to a 200-ms prestimulus baseline estab-
lished before the pair of clicks.

Data Analysis

Repeated measures analyses of variance (ANOVAs) were conducted
on the P50 and N100 amplitude data using two within-subject fully
crossed factors: task (passive vs. intensity vs. number) and click (test
vs. conditioning). In addition, the more traditional suppression ratio
(test/conditioning) for the P50 component was subjected to a single-
factor ANOVA with one within-subject factor, task. RT also under-
went single-factor ANOVA with one within-subject factor, task. P50
and N100 latencies also were measured and analyzed in the present
study. Due to the length of this report, however, the latency data will
not be discussed. Greenhouse-Geisser corrected p values were used
throughout (Geisser & Greenhouse, 1958). Post hoc analyses were
performed using the Newman—Keuls statistic at a 95% level of con-
fidence.

Results

Reaction Time

Mean RT data indicated that participants appropriately directed
attention to the initial or conditioning stimulus during the intensity
task with an average response of 502.2 ms (SD = 102.4). The
average RT response to the second or test stimulus during the
number task was 267.4 ms (SD = 62.7). RT differences between
the two experimental conditions may reflect greater task difficulty
associated with the intensity discrimination or may be due to the
variable versus fixed ITI preceding the conditioning and test stim-
uli, respectively.

NI100
Figure 1 presents grand-average ERP waveforms. N100 amplitude
showed both click, F(1,12) = 13.85, p < .01, and Task X Click,

—— Passive Task
~——  Number Task
s uv <=~ Intensity Task

et + L T v v

-100 0 100 300 500 200
Conditioning Test
Stimulus Stimulus

Figure 1. Grand average event-related potential (ERP) waveforms for the
passive baseline and each attentional manipulation at the three midline sites
in Experiment 1. The P50 component is indicated with arrowheads at the
Cz lead.
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F(2,24) = 29.64, p < .001, € = 0.8814, effects. Figure 2 illustrates
this interaction effect. Post hoc comparisons revealed that, whereas
N100 amplitude to the test stimulus was smaller than that to the
conditioning stimulus during the passive and the intensity tasks,
there was no difference in the N100 amplitude to the two clicks
during the number task. These results follow the predicted pattern
for the N100 component of diminished response to the test stim-
ulus in the traditional passive P50 task and in the intensity task
when attention is directed to the first click but an enhanced re-
sponse to the test stimulus when attention is directed toward the
second click during the number task. Similar to findings by Jerger
et al. (1992), N100 amplitude to the conditioning stimulus did not
differ across tasks, suggesting that participants’ attention was equally
engaged across conditions.’

P50

Figure 3 depicts the click effect for P50 amplitude, F(1,12) =
29.54, p < .001. Task and Task X Click effects did not approach
significance, F(2,24) = 1.97 and F(2,24) = 1.12, respectively.
Post hoc analysis revealed that P50 amplitude to the test stimulus
was suppressed compared with the response to the conditioning
stimulus. The lack of a Task X Click interaction is consistent with
the view that P50 gating is not influenced by attentional manipu-
lations.

P50 Suppression Ratio

The P50 amplitude ratio (test/conditioning) also demonstrated no
significant effect for task, F(2,24) = 1.76 (passive task, .39; in-
tensity task, .42; number task, .49).

Discussion

Results of this study replicate and extend the findings of Jerger
et al. (1992) in showing that P50 suppression is not affected by
certain attentional manipulations that influence later ERP compo-
nents. N100 amplitude and the RT data clearly demonstrated the
success of the intended attentional manipulation on the second or
test stimulus, whereas P50 suppression was unaffected. Impor-
tantly, the inclusion of a baseline passive condition in the present
study eliminated the possibility that the effects of a motor response
confounded the results reported by Jerger et al. because our pas-
sive, intensity, and number tasks did not differentiate P50 ampli-
tude or P50 suppression. The use of more salient stimuli in this
research also reduced the possibility that longer-duration clicks
could account for the attentional effects on P50 reported by Gu-
terman et al. (1992). Similarly, differences in the types of trials
included in the ERP averages because of different artifact exclu-
sion criteria do not appear to account for the discrepant results

?As is apparent in Figure 1, a contingent negative variation develops
before presentation of the test stimulus when participants were instructed to
count during the number task. To examine the possibility that this sustained
negativity confounded the measurement of N100 from a prestimulus base-
line determined before the pair of clicks as reported by Jerger et al. (1992),
N100 amplitude to the conditioning and test stimuli was measured from
80-ms baselines established before each click. Results were similar to those
obtained when N100 was scored using the more distal baseline, with two
exceptions. N100 amplitude to the test stimulus was significantly different
across all three tasks and during the number task, N100 amplitude to the
test stimulus was smaller than that to the conditioning stimulus. These data
continue to suggest that attention was directed appropriately toward the test
stimulus during the number task although the magnitude of the effect is less
pronounced than that observed using the scoring procedure of Jerger et al.
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Figure 2. Effects of the attentional manipulation on N100 amplitude for
the conditioning stimulus and test stimulus in Experiment 1.

obtained under the protocols of Jerger et al. and Guterman et al.
Failure of neuronal recovery does not appear to be a potential
confound (Boutros et al., 1991) because a pattern of results was
obtained similar to those of Jerger et al. when using longer ITIs
(1014 s). Taken together, these results concur with those of Jerger
et al. and lend additional support to the suggestion that P50 rep-
resents a preattentive component.

EXPERIMENT 2: THE EFFECTS OF A
PSYCHOLOGICAL STRESSOR

By establishing that P50 is not affected by attention under exper-
imental conditions, results of Experiment 1 help to confirm the
viability of P50 as typically interpreted in studies of gating. Studies
of other important factors that might influence or mediate the P50
suppression system are needed, however, to determine any con-
straints in using P50 suppression in research on gating and perhaps
to illuminate the basis for reduced or absent suppression in some
psychiatric groups. Experiment 2 was designed to explore the role
of psychological stress on P50 suppression. If transient stress dis-
rupts P50 suppression, level of psychological stress would need to
be monitored carefully in future studies. Two mental arithmetic

10 9 O Conditioning Stimulus
Test Stimulus
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uv

Number
Task

Passive Intensity
Task Task

Figure 3. Effects of the attentional manipulation on P50 amplitude for the
conditioning stimulus and test stimulus in Experiment 1.
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tasks were constructed to maintain the same degree of difficulty
across tasks while differing in level of stress or anxiety. The silent
mental arithmetic task was adapted from a protocol used by Waldo
and Freedman (1986) that was found to have no impact on gating
and minimal effects on self-reported anxiety. We contrasted this
task with a second mental arithmetic task that was performed aloud
and that has been shown to be an acute psychological stressor that
increases norepinephrine and epinephrine activity comparably in
individuals who are usually high or low in cardiovascular reactiv-
ity (Sgoutas-Emch et al., 1994). We predicted that the oral mental
arithmetic task would disrupt P50 suppression because norepineph-
rine has been shown to play a role in gating (Adler et al., 1994;
Johnson & Adler, 1993; Stevens, Meltzer, & Rose, 1993). Relative
to activity elicited during the passive task, attenuation of N100 was
expected to reflect interference from the performance of mental
arithmetic and to verify that the manipulation was sufficiently
engaging of attention. Measures of heart rate (HR), electrodermal
activity (EDA), and self-report were included as converging mea-
sures of stress and anxiety.

Method

Participants

Participants were the same 13 from Experiment 1. All data were in
the same session as Experiment 1.

Psychophysiological Recording

Recordings of EEG and EOG were as described in Experiment 1.
HR was recorded using two standard electrodes placed bilaterally
on the lower ribs. The electrocardiogram signal was passed through
a Grass Model 12 amplifier to a Coulbourn Dual Comparator/
Window Discriminator that acted as a Schmitt trigger. The trigger
level was adjusted to trigger reliably for each participant’s R-wave.
The latency of the rising edge of the signal output by the Coul-
bourn apparatus was recorded to the nearest millisecond.

EDA was recorded from a pair of standard 1.5-cm Sensormed-
ics Ag/AgCl electrodes (0.5-cm recording surface) attached to the
volar surface of the second and third finger of the nondominant
hand. The electrolyte was sodium chloride in Unibase (Fowles
et al., 1981). EDA was recorded directly by applying a constant
0.5 V across the electrode pair using a Coulbourn §71-22 SC
Coupler set for DC coupling. EDA level was digitized at 20 Hz for
3 s before and 6 s after each auditory stimulus onset. Resting levels
of HR from one participant and EDA from three participants were
unavailable due to technical difficulties.

Auditory Stimulation

Click stimuli and background noise were as described in Experi-
ment 1. The two mental arithmetic tasks were completed while
listening to 80 trials of paired clicks that were identical to those
presented during the passive baseline task in Experiment 1.

Procedure
To assess resting levels of autonomic activity, HR and EDA were
recorded continuously over a 3-min resting baseline period. After
obtaining a resting baseline, the experimental conditions were
introduced.

Participants were instructed to perform two mental arithmetic
tasks that were separated by a S-min break. Each task consisted of
seven 2-min serial subtraction problems of varying difficulty. Par-
ticipants performed each task without stopping and were prompted
to speed their responses during four predetermined trials in each
test administration (Click Trials 8, 26, 52, and 69).
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During the first task, participants were asked to perform all
serial subtractions aloud and were told that mistakes would be
corrected by the experimenter. They were informed that auditory
clicks would be presented during the subtraction tasks and that the
clicks might make the mental arithmetic more challenging. A 1-min
break occurred approximately 7 min after the start of the task. The
subtractions used during the oral mental arithmetic (oral MA) task
were as follows: Subtraction 1: 3,605 by 3s, Subtraction 2: 5428
by 7s, Subtraction 3: 6,507 by 13s, Subtraction 4: 8,203 by 8s,
Subtraction 5: 7,417 by 14s, Subtraction 6: 9,232 by 17s, and
Subtraction 7: 9,545 by 19s.

During the second task, participants were instructed to perform
the subtractions silently and without facial movement. They were
again informed that auditory clicks would be presented during the
subtraction tasks and that the clicks might make the mental arith-
metic more challenging. Participants were informed that the ex-
perimenter might probe for a correct response at any time and that
any incorrect answers would be corrected by the experimenter.
Participants were prompted for a subtraction response and asked to
speed up their performance during the same four click trials, dur-
ing which the speed instructions were given during the oral MA
task. Participants were also prompted during the 1-min break at the
halfway point and at the end of the task. Thus, a total of six
subtraction responses was elicited during the task. The subtractions
used during the silent mental arithmetic (silent MA) task were as
follows: Subtraction 1: 2,907 by 3s, Subtraction 2: 6,828 by 7s,
Subtraction 3: 9, 561 by 13s, Subtraction 4: 5,113 by 8s, Subtrac-
tion 5: 8,318 by 14s, Subtraction 6: 9,994 by 17s, and Subtrac-
tion 7: 8,442 by 19s.

The oral MA task was always run first. Counterbalancing was
not used because prior experience with the silent MA task could
decrease the level of stress and anxiety associated with perfor-
mance of the oral MA task.

Prior to the administration of either arithmetic task, participants
provided ratings on a 7-point scale of how difficult they perceived
arithmetic problems to be in general, how much they liked arith-
metic, and how anxious they felt at this point in the testing. After
each of the arithmetic tasks, participants completed ratings on a
7-point scale of how difficult the task was, how interesting the task
was, and how anxious they felt.

Waveform and Component Analysis

ERP analysis was identical to Experiment 1. No fewer than 76
trials were included in any of the ERP averages. Average HR for
each trial was calculated by subtracting the time (in ms) between
the first and last heart beat. This time period was then divided by
one less than the number of recorded beats to determine the mean
interbeat interval (IBI) for each trial. The mean IBI was computed
for the 80 trials of paired clicks during each mental arithmetic task,
then converted to HR in beats per minute.

Nonspecific fluctuations in EDA were defined as 0.05-us rises
in EDA level with a minimum rise time of 0.5 s. The number of
nonspecific fluctuations was computed for each trial. Summed
nonspecific fluctuations was calculated for the paired click trials,
as described for HR. For data analyses, the average number of
nonspecific fluctuations per minute was calculated to permit a
direct comparison between nonspecific fluctuations obtained during
the 3-min resting baseline and 16-min mental arithmetic conditions.

Data Analysis
As described by Sgoutas-Emch et al. (1994), two measures of task
performance were calculated for the oral MA task: number of
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subtractions attempted (including errors) and percent correct. To
evaluate performance on the silent MA task, the total subtractions
attempted were approximated by adding the number of subtrac-
tions necessary to reach the reported result at each of the six
probes. The percentage correct of these six responses also was
calculated.

For P50 analyses, the passive baseline task obtained during
Experiment 1 was included in a set of repeated-measures ANOVAs
with two within-subject fully crossed factors: task (passive vs. oral
MA vs. silent MA) and click (testing vs. conditioning). In addition,
the suppression ratio (test/conditioning) for each component was
subjected to a single-factor ANOVA with one within-subject factor.
The 7-point anxiety measures also underwent single-factor ANO-
VAs with one within-subject factor, task. Greenhouse—Geisser cor-
rected p values were used throughout. Post hoc analyses were
performed using the Newman-Keuls statistic at a 95% level of
confidence unless otherwise indicated.

We performed planned comparisons with the HR and EDA
measures to verify the efficacy of the oral MA task as a brief but
acute psychological stressor and to determine whether our effect
replicated that of Sgoutas-Emch et al. (1994). Accordingly, auto-
nomic responses to the oral MA task were compared with responses
elicited during the resting baseline. Planned comparisons also
were undertaken between the silent and oral MA tasks to verify
larger increases in autonomic activity when the task was performed
aloud.

Results

Performance

Participants attempted a greater number of subtractions during the
oral MA task (M = 157.5, SD = 26.5) than during the silent MA
task (M = 63.7, SD = 11.5), F(1,12) = 147.29, p < .001. The
percentage of correct responses also varied significantly by task,
F(1,12) = 49.09, p < .001, with participants performing accu-
rately on 87% and 35% of subtractions attempted during oral and
silent MA tasks, respectively. Both measures of performance dur-
ing the silent MA task are likely to be artificially suppressed,
however, because they are based on responses provided during the
six probe points rather than on ongoing, continuous serial subtrac-
tions. A more valid comparison is offered by contrasting the num-
ber of subtractions attempted during the last series of subtractions
performed for each task. With this measure, no significant differ-
ence in performance was measured, F(1,12) = 0.60.

Self-Report

The 7-point anxiety rating showed an effect for task, F(2,24) =
6.61,p < .01, € = 0.8562. Post hoc comparisons demonstrated that
anxiety was higher after oral MA (M = 4.3, §D = 1.1) than before
oral MA (M = 3.0, SD = 1.2). Anxiety levels measured after silent
MA (M = 3.6, SD = 1.2) did not differ significantly from either of
the two previous ratings. These results suggest that the oral MA
task successfully manipulated anxiety but that anxiety level was
not perceived to return completely to prestressor levels after silent
MA. The 7-point task difficulty rating did not discriminate be-
tween tasks (M = 5.4 for both), F(1,12) = 0.03, suggesting that
the two arithmetic tasks were perceived to be equally challenging.

N1oo

Grand-average waveforms are presented in Figure 4. N100 ampli-
tude produced task, F(2,24) = 29.45, p < .001, € = 0.6183, click,
F(1,12) = 33.00, p < .001, and Task X Click, F(2,24) = 33.24,
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Figure 4. Grand average event-related potential (ERP) waveforms for the
passive baseline and each mental arithmetic task at the three midline sites
in Experiment 2. The P50 component is indicated with arrowheads at the
Cz lead.

p < .001, € = 0.6128, effects (see Figure 5). Post hoc comparisons
revealed that, whereas N100 to the test stimulus was smaller than
to the conditioning stimulus during the passive and silent MA
tasks, no difference was measured for the two clicks during the oral
MA task. The undifferentiated response to the two clicks during oral
MA appears to have been due to the attenuation of N100 amplitude
to the conditioning stimulus. Post hoc comparisons also confirmed
that N100 decreased as a function of task for the conditioning re-
sponse only, indicating that the oral MA task disrupted attention more
than did the silent MA task. As expected, the arithmetic tasks did
not significantly influence N100 amplitude to the test stimulus, where
directed attention is assumed to be minimal.

P50
P50 amplitude showed click, F(1,12) = 38.19, p < .001, task,
F(2,24) = 19.16, p < .001, ¢ = 0.7288, and Task X Click,

O Conditioning Stimulus
Test Stimulus

 h

Oral MA  Silent MA
Task Task

Absolute Amplitude (1V)

Passive
Task

Figure 5. Effects of the psychological stressor manipulation on N100
amplitude for the conditioning stimulus and test stimulus in Experiment 2.



Effects of attention and stress on P50 gating

F(2,24) = 1091, p <.001, € = 0.8879, effects. Figure 6 illustrates
the impact of the stressor manipulation on P50 to the two clicks. As
with N100 amplitude, post hoc comparisons revealed that, whereas
P50 amplitude to the test stimulus was smaller than to the condi-
tioning stimulus during the passive and silent MA tasks, P50 to the
two clicks was comparable during the oral MA task. Post hoc
comparisons also determined that the task effect was significant for
the conditioning stimulus but not for the test stimulus. In contrast
to results obtained for N100, P50 to the conditioning stimulus was
smaller during the oral MA task than during the other two tasks but
did not differ between the passive and silent MA tasks. The lack of
a differentiated P50 response to the silent MA and passive tasks
suggests that, unlike N100, mere inclusion of a competing task was
insufficient to disrupt P50. Instead, P50 appears to have been
sensitive only to the stress and anxiety or disruption of attention
associated with the oral MA task.

P50 Suppression Ratio

P50 amplitude ratio (test/conditioning) showed a main effect for
task, F(2,24) = 5.19, p < .05, € = 0.6187. Post hoc comparisons
indicated that gating was significantly reduced in the oral MA task.
In the traditional passive task, the P50 response produced a ratio
(M = 0.39, SD = 0.22) within the range considered normal by
Freedman et al. (1983, 1987). Examination of the mean ratio scores
during the oral MA task revealed that suppression surpassed the
normal range (M = 0.68, SD = (.39), whereas suppression during
the silent MA task was within normal limits (M = 0.35, SD =
0.16).

Heart Rate

Consistent with results obtained by Sgoutas-Emch et al. (1994),
the oral MA task produced higher mean HR than did the resting
baseline, 7(11) = 3.25, p < .01, and silent MA task, #(11) = 5.50,
p < .001. These data are presented in Table 1.

Electrodermal Activity

An analysis of the average number of nonspecific fluctuations per
minute (Table 1) showed significant task effects whereby the oral
MA task elicited a greater number of nonspecific fluctuations than
did the resting baseline, 1(9) = 2.57, p < .05, and silent MA task,
1(9) = 3.0, p < .05. Mean number of nonspecific fluctuations
obtained over the 16-min duration of the oral and silent MA tasks
was 39.5 and 14.9, respectively. Significant task effects for HR and

10
] O Conditioning Stimulus

Test Stimulus
8 J

61 %

2 9 %
! Passive  Oral MA  Silent MA
Task Task Task

uv

Figure 6. Effects of the psychological stressor manipulation on P50 am-
plitude for the conditioning stimulus and test stimulus in Experiment 2.
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Table 1. Mean Values and Standard Deviations for Autonomic
Variables to High-Intensity Clicks in Experiment 2

Resting baseline Oral MA task Silent MA task
Variable M SD M SD M SD
HR 66.25 10.66 76.17 13.00 69.17 9.98

NSFs/min 0.57 0.52 247 2.23 0.93 0.90

Note: HR = heart rate; NSFs/min = nonspecific fluctuations per
minute. n = 12 for HR measure and n = 10 for EDA measure.

number of nonspecific fluctuations provides converging evidence
that autonomic arousal was heightened during the oral MA task
relative to the silent MA task.?

Discussion

Results of Experiment 2 suggest that the impact of stress and
anxiety on P50 amplitude and the P50 suppression ratio can be
considerable depending on the psychological stressor. Similar to
previous research using a cold-pressor manipulation (Johnson &
Adler, 1993), the oral MA task suppressed the initial P50 response
and yielded an elevated test/conditioning ratio that exceeded 65%.
P50 suppression ratios obtained during the passive and silent MA
tasks, in contrast, fell within the range considered normal by Freed-
man et al. (1987). The pattern of results for the silent MA task
closely parallels those reported by Waldo and Freedman (1986) for
silent subtraction. Specifically, the concurrent performance of si-
lent MA increased the P50 suppression ratio somewhat, although
the change from the traditional passive task was not statistically
reliable in either study. Thus, in the present study, performance of
silent MA does not appear to constitute a psychological stressor
capable of influencing P50 suppression.

The oral MA task, in comparison, had a considerable impact
not only on P50 but on autonomic measures. Accompanying par-
ticipants’ self-report of heightened anxiety, significant increases in
HR and electrodermal nonspecific fluctuations were observed dur-
ing oral reports of arithmetic problems. On the basis of research
conducted by Sgoutas-Emch et al. (1994), it is possible that epi-
nephrine and norepinephrine levels would also have been found to
increase substantially, had they been measured. Thus, the pattern
of results obtained using an acute psychological stressor are gen-
erally consistent with those acquired during a cold-pressor test,
which has also been shown to greatly increase autonomic and
catecholamine activity (Ward et al., 1983).

The means by which alterations in P50 suppression ratio were
accomplished, however, differed considerably between the present
study and the work by Johnson and Adler (1993). In the present
study, changes in P50 ratio resulted from attenuation of the P50
amplitude response to the conditioning stimulus. In the study by
Johnson and Adler (1993), impairment of P50 gating was primarily
a result of augmentation of P50 amplitude to the test stimulus
during the cold-pressor test. As noted earlier, sensory gating is

IData were collected on a separate sample of 10 participants to deter-
mine whether differences in autonomic activity, obtained between the oral
and silent MA tasks, might reflect habituation effects. Counterbalancing of
the two experimental manipulations produced the same pattern of results,
with significant increases in HR and number of electrodermal nonspecific
fluctuations exhibited during the oral MA task versus the silent MA condition.
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typically inferred from alterations in P50 amplitude to the test
stimulus. Our results are nonetheless informative because previous
research has found P50 amplitude to the conditioning stimulus to
be significantly reduced among individuals diagnosed with schizo-
phrenia (e.g., Adler et al., 1982; Boutros et al., 1991; Freedman
et al., 1983) as compared with normal participants. This study,
therefore, demonstrates that P50 suppression can be modified ex-
perimentally to mimic aspects of the gating deficit associated with
schizophrenia.

The basis for the apparent disruption of P50 is unclear, al-
though several possibilities exist and highlight potential directions
for future research. Although self-report and psychophysiological
measures suggest that stress and anxiety were heightened when
participants engaged in the oral MA task, other factors could pos-
sibly account for the diminished P50 response to the conditioning
stimulus. One potential explanation is that the oral MA task drew
attention away from the auditory clicks as participants focused on
subtracting numbers. Such an interpretation is unlikely, however,
because the silent MA task placed similar demands on participants
and even served to improve slightly the P50 suppression ratio.

Another possibility is that the additional requirement to vocal-
ize answers during the oral MA task placed a greater attentional
load on participants than did the silent MA task, and the effects on
autonomic activity were due to increased motor output. The cur-
rent pattern of results also suggests that speech may have had a
specific impact on the determinants of P50 amplitude to the con-
ditioning stimulus. It is possible that the sound of their own voices
disrupted participants’ P50. During the oral MA task, participants
vocalized their responses at a steady, near continuous rate. The
competing auditory stimulation from hearing their own voices,
therefore, may have interfered with processing of the first auditory
click. Alternatively, muscle artifact has been suggested as a poten-
tial confound in studies of P50 (e.g., Griffith, Hoffer, Adler, Zerbe,
& Freedman, 1995). It is conceivable that the motor activity nec-
essary for generating speech may have disrupted P50 amplitude to
the conditioning stimulus or its measurement. Although each of
these possibilities will need to be pursued with additional research,
their likelihood is reduced by the fact that only P50 amplitude
responses to the conditioning stimulus were influenced, whereas
those to the test stimulus were unaffected.

CONCLUSION

This pair of studies was undertaken to examine factors that might
influence P50 suppression and to determine the extent to which
changes in P50 reflect the effects of psychological processes. The
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attentional manipulations and methodological enhancements of
Experiment 1 confirmed and extended the finding by Jerger et al.
(1992) that N100 is profoundly influenced by attention, whereas
neither P50 amplitude nor its suppression are affected. Experiment
2 examined the effects of stress on P50 by introducing two mental
arithmetic tasks and found substantial alterations in P50 amplitude
and its suppression. Thus, although P50 suppression appears to
reflect a preattentive process, it may be subject to modification by
psychological states such as brief psychological stress.

The present findings have important implications for P50 stud-
ies of sensorimotor gating in schizophrenia. For instance, the ef-
fects of attention appear to be highly circumscribed (cf. Guterman
et al., 1992). Regardless of whether attention was directed toward
the auditory intensity of the conditioning stimulus or the occur-
rence of another stimulus immediately following the conditioning
stimulus, no alterations to P50 amplitude or its suppression were
observed. Attention, moreover, appears to have been diverted some-
what during performance of the concurrent silent MA task, but any
impact on the P50 measures was not detected.

Results of Experiment 1 concur with those of Jerger et al.
(1992) but contrast with those of Guterman et al. (1992). One
explanation for these disparate results is that the experimental
manipulation used by Guterman et al. may have affected not only
attention but other mental processes. Guterman et al. required par-
ticipants to discriminate a designated test stimulus in the count/
no-count and go/no-go conditions. The count/no-count condition
also involved maintaining a mental count of the number of desig-
nated test stimuli presented, whereas the go/no-go condition re-
quired making an RT response whenever a designated test stimulus
was presented. Only the count/no-count condition was found to
have a statistically significant effect on P50 amplitude suppression.
Therefore, it would appear that disruption of P50 suppression was
accomplished by requiring participants to perform simple arithme-
tic and maintain a running memory count of designated test stim-
uli. Although it is unclear what mechanisms can account for this
disruptive effect on P50, stress and anxiety are clearly possibilities.

As suggested by the results of Experiment 2, stress can affect
P50 suppression, and the impact may be more extensive than pre-
viously believed (e.g., Waldo & Freedman, 1986). Future research
on sensorimotor gating, therefore, should consider monitoring lev-
els of stress and anxiety to determine whether failures to suppress
P50 result from the participants’ responses to the testing situation
or to some underlying pathophysiology. In addition, it will be
important to extend this research and determine the extent to which
P50 suppression is influenced by attention and psychological stress
in individuals with psychiatric disorders.
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