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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 P50 component of the event-related potential to the second of paired clicks has been
suggested as a tneasute of preattentional gating. Two expcritiients wete conducted to assess the etfects of attention and
a psychological stressor on P.'SO. F.xperitnent I included two choice reaction time tasks designed to direct attention
selectively to the first or .second click in each pair. Results suggest that the Nl(X) component was responsive to
attentional manipulations, whereas P50 was not affected. Experiment 2 examined the impact of a brief psychological
stressor on the P.SO response. Parallel mental arithmetie tasks were administered silently and orally. Self-report and
measures of autonomic activity were u.sed 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 P50 suppression in ,schizophrenia are discussed.
Descriptors: P50. Sensory gating. Attention. Psyehological stressor. Heart rate. Eleetrodermal activity

dividuals. the typieal P50 suppression ratio has been reported to be
less than .40. whereas under the same conditions ratios are often
substantially bigber in individuals with sehizophrenia (e.g.. Freedinan et al.. 1987). This reduced or ab.sent P50 suppression in schizophrenic patients is hypothesized to retiect 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 alterations 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. & Sehwarzkopf. 1994), Previous re.seareh on gating, for instance, has found P50 to the conditioning stimulus to be
significantly reduced among unmedieated sehizophrenie patients
(e,g,. Adieret al,. 1982; Freedman et al,. 1983) and undifTerentiated/
di,sorganized schizophrenic patients (e,g,. Boutros. Zouridakis. &
C^vetall. 1991) in comparison with normal comparison participants. Moreover. Boutros et al, (1991) found no differences between .schizophrenic and normal control participants in the P50
amplitude response to the testing stimulus. Given this pattem of
findings in .schizophrenic patients and reliance on the ratio measure of P50 suppression, it is important to determine the extent to
which transient variables, such as stress and anxiety, or more stable
(actors, such as psychopathology. influenee the eonditioning and
test responses differentially.
For gating to be inteiTed accurately, ebanges in P50 also must
result from inhibition rather than from fluetuating attention or
iticomplete neuronal recovery (e,g,. Jergcr. 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.

Normal filtering during information processing involves a diminished response to .some stimuli and thus allows individuals to
regulate vigilanee by ignoring extraneous stimuli and attending to
relevant stimuli. Gating, which represents a specific form of this
filtering process, relers 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 P.'SO eomponent of the auditory event-related potential (F:RP) is reduced in
response to the seeond or test stimulus relative to the response
elieited by the initial or conditioning stimulus when the two elieks
are delivered .SOO ms apart, and pairs of clicks are separated by an
intertrial interval (ITI) of at least 10 s. The first stimulus is believed to activate or condition the inhibition, whereas the second
stimulus tests the degree of inhibition (e.g.. Freedman et al.. 1987;
Freedman. Adier. 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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Hillyard. Hink. Schwent. and Picton (1973) found P50 amplitude
to be relatively unaltered hy 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 effeets
of attention when they demonstrated, with paired click stimuli, that
P50 amplitude to the test stimulus fails to change in response to
attenttonal manipulations that alter the NlOO component of the
ERP. In their paradigm, attention to the test stimuli was manipulated 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. Josias.sen. 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) instructed participants to perform a silent mental arithmetic task
while listening to paired clicks. They found that the mental arithmetic task significantly reduced Nl(X) 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 coldpressor manipulation, Johnson and AdIer (1993) successfully disrupted 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 conflicting evidence as to the involvement of psyehological variables
on P50, The pre.sent study was undertaken to reconcile differences
among these studies and to investigate the extent to which psychological processes might influence PfiO suppression. Specifically, separate experiments were conducted to examine the effects
of attention and a brief psychological stressor on P50 amplitude
suppression.
EXPERIMENT 1: THE EEFECTS 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 mixlified to
reconcile differences between the two studies. The duration of
click stimuli was increa.sed to determine whether a more salient
stimulus might foster attentional influence on the P50 response.
Instead of the 0.05-ms square-wave elick reported by Jerger et al,.
a longer click duration was introduced to more closely approximate the 10-ms click used by Ciuterman et al. The duration ol the
varying ITI was increased to allow for more complete neuronal
recovery. In comparing the effects of various ITIs on P.'5O. Zouridakis and Boutros (1992) concluded that durations shorter than
8 s do not permit the inhibitory mechanism of the brain to fully
recover between tnals. Jerger et al. used a 7-8 s varying III.
whereas Guterman et al. (1992) relied on a fixed ITI of II s.
Although a varying ITI was used in tbe present study, the minimum duration was set at 10 s. In addition, two prtKcdural changes
were implemented. First, the traditional passive P.'iO protocol was
included to serve as a ba,seline for direct comparison witb the other
expenmental tasks. Second, electroencephalogram (EEG) data were
corrected for the effects of iKular noise. Jerger et al. exeluded all
tnals 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 protiKols used in the studies reported by Jerger et al.
and Guterman et al. The fiK'us 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 NlOO
amplitude changes (Hillyard et al.. 1973),

Method
Participants
Six men and seven women between 18 and 35 years of age participated in this study. Two of the participants were graduate student
volunteers, and the rest were undergraduate students who received
course eredit for their participation. Participants who reported a personal or family history of neurological or psychiatric disorders or a
personal history of drug or alcohol abu.se 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 heen found to
have a transient effect on P5() sensory gating (AdIer. Holler. Griffith. Waldo. & Freedman. 1992). All participants received audiometric testing to verify normal hearing and all provided informed
eonsent.
Psychophysiological Recording Methods and Apparatus
EF2G 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 (FX)G) was recorded
by placing electrodes above and below the right eye. All of the.se
measures were recorded from Sensormedics miniature Ag/AgCI
electrodes, and all impedances for recording electrodes were below
5.(KX) il. Signals were collected with a Grass Model 12 Neurodata
Acquisition System with hall-amplitude analog filters at 0.1 and
I(KX) Hz. EEG signals were amplified 2O.(KK) times; FOG was amplified 5,000 times. Stimulus presentation and data collection were
controlled with an ASYSl program using a Keithley Metrabyte
DAS 1602 laboratory data acquisition board on a 66-MHz Dell 80486
DX-ba.sed personal computer. Data were sampled tor 1.200 ms at
I (XX) Hz within each channel, beginning 2(X) ms before stimulus presentation. Reaction time (RI) 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 participants 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 Instiiiments .Sound Cienerator board. Duration and intensity of tbe click stimuli were controlled hy a DAS 1602 D/A board. The white noise was amplified
further through a Coulhoum Instruments Audio Mixer-Amplifier
and was delivered to each participant over Realistic Nova 28 headphones (Tandy Corporation. Houston. TX). Sound levels of the
stimuli were verified by a Davis Instruments SL-L30 sound level
meter read from the A scale.
High-intensity clicks were delivered at 90-dB SPL with 4()-dB
SPL background white noise. Moderate intensity clicks were 8()-dB
SPL with 40-dB SPL background wbite 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 instrueted 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
randotn order: (a) tnodetate-intensity single clicks, (b) modetateintensity paired elieks. (c) high-intensity single elieks. and (d)
high-intensity paired clicks. Fifty-two percent of the trials (82
trials) included high-intensity paired clicks identieal to the clicks
administeted during the baseline task, F.ach of the three retnaining
types of clicks accounted for 16% (26 trials) of the total trials per
task admini,stration. Thus, a total of 160 trials was presented during
each of the selective attention tasks.
For the intensity task, participants were instructed to ptess the
response button as soon as a high-intensity stitnulus was detected,
regardless of whether the stimulus involved single or paired clicks.
This discrimination could be made on the basis of information
ptesent in the first click. For the number task, patiicipants 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 neeessary for eoiTect 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 counterbalanced 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
excltided liom the average if ERG at any electrode site saturated
the A / D converter ( > ± 2 5 6 (JLW). Tho.se single trials remaining
after this preliminary screening were corrected for the effect of eye
movement by using a procedure that removes oeular noise (Gratton. Coles. & Donchin. 1983; Miller. Gratton. & Yee. 1988). After
correction for eye movement, trials for which a participant provided an incorrect response were excluded. Single trials were
Fourier filtered at 10-50 Hz for measurement of the P30 and P50
cotiiponents and at 1-20 Hz for tneasuretnent of NKX) (Jerger
et al.. 1992). For each participant, at least 65 trials wete included
in the ERP averages computed for the high-intensity paired elieks
in each of the baseline and selective attention tasks following this
ptocess.
All I;RPcomponents wete iiieasuted at C/. For tneasutetiient of
atnplitudc. the P5() peak was dctctmined telative to the pteceding
negativity (Jerger et al,. 1992),' The latency of the P50 peak was
identified as the maximum positivity between 40 and 80 ms poststimulus. 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 P50 latency was then used for
measuring P50 amplitude. NKX) amplitude was identified as the

'Because P50 is small and often iKcurs as the NlOO begins, the measurement ol the P5() cotiiponent telative to the ptvstimulus baseline may
introduce a (lossible anitact. Specitically, the overlap between P50 and
Nl(K) can cause the cntttc P5() to be negative (I-rwin & Huchwald. 1986).
Theiefoie. selective digital filtering of the P5() and NlOO com|>onenls. and
tneasurement of P50 telative to preceding ticgativity, as recommended by
Jerger et al. (1992) and described above, was applied to reduce the potential
effects of this artitact.

most negative point in the 50-150-ms poststimulus window and
was measured relative to a 200-ms prestimulus baseline established before the pair of clicks.

Data Analysis
Repeated measures analy.ses of variance (ANOVAs) were conducted
on the P50 and N lCK) amplitude data using two within-subject fully
crossed faetors: task (passive vs. intensity vs. number) and click (test
vs. conditioning). In addition, the more traditional suppression ratio
(te.st/conditioning) for the P50 component was subjected to a singlefactor ANOVA with one within-subject factor, task. RT also underwent single-factor ANOVA with one w ithin-subjeet factor, task. P50
and N 1(X) latencies also were measured and analyzed in the present
study. Due to the length ofthis report, however, the latency data will
not be discussed. Greenhouse-Geisser corrected/? values were u.sed
throughout (Geisser & Greenhouse. 1958). Post hoe analyses were
pertbrmed ustng the Newman-Keuls statistic at a 95% level of confidenee.

Re.sults
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 diffieulty
associated with the intensity discrimination or may be due to tbe
variable versus fixed ITI preceding the conditioning and test stimuli, respectively,
NlOO
Figure 1 presents grand-average ERP waveforms. NlOO amplitude
showed both elick. F(I.12) = 13.85. /; < .01. and Task x Click.
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tntensity Task
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Figure L Grand average event-related potential (ERP) wavelonns for the
passive baseline and each attentional manipulation at the three tnidline sites
in Experiment 1. The P50 comptment is indicated with arrow heads at the
Cz lead.
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F(2.24) = 29,64, p < ,001, e = 0,8814, effects. Figure 2 illustrates
this interaction effect. Post hoc comparisons revealed that, whereas
NlOO 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 NlOO amplitude to the two clicks
during the numher task. These results follow the predicted pattem
for the NlOO component of diminished respon.se to the test stimulus in the traditional passive P50 task and in the intensity task
when attention is directed to the first click hut an enhanced response to the test stimulus when attention is directed toward the
second click during the numher task. .Similar to findings hy Jerger
et al. (1992), NlOO amplitude to the conditioning stimulus did not
differ across tasks, suggesting that participants' attention was equally
engaged across conditions.'
PSO
Figure 3 depicts the click effect for P50 amplitude, F(l,12) =
29.54, p < .001. Ta.sk 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 te.st stimulus
was suppressed compared with the resp<inse 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 manipulations.
PSO Suppression Ratio
The P50 amplitude ratio (test/conditioning) al.so demonstrated no
.significant effect for task, F(2,24) = 1.76 (passive task, .39; intensity task, .42; numher ta.sk, .49).
Discussioa

Results of this study replicate and extend the findings of Jerger
et al. (1992) in showing that P50 suppression is not affected hy
certain attentional manipulations that inliuence later ERP components. NlOO 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. Importantly, the inclusion of a ha.seline passive condition in the pre.sent
study eliminated the possibility that the effects of a motor response
confounded the results reported by Jerger et al. because our passive, intensity, and number tasks did not differentiate P5() amplitude 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 P5() reported by Guterman et al. (1992). Similarly, differences in the types of trials
included in the ERP averages becau.se of different artifact exclusion criteria do not appear to account for the discrepant results
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Figure 2. I-'Ifects of the attentional manipulation on NlOO amplitude for
the conditioning stimulus and test stimulus in lixperimcnt 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
(10-14 s). Taken together, these results concur with tho.sc of Jerger
et al. and lend additional support to the suggestion that PSO represents a preattentive component.
EXPERIMENT 2: THE EFEECTS OF A
PSYCH()L()(;iCAL STRESSOR
By establishing that P5() is not affected by attention under experimental conditions, results of Rxperiment 1 help to confirm the
viability of P.'iO as typically interpreted in studies of gating. Studies
of other important factors that might influence or mediate the PSO
suppression system are needed, however, to determine any constraints in using PSO suppression in rescatch on gatitig and perhaps
to illuminate the hasis tor reduced or ah.sent suppression in some
psychiatric groups. Experiment 2 was designed to explore the role
of psychological stress on PSO suppression. If transient stress disrupts PSO suppression, level ol psychological stress would need to
be monitored carefully in future studies. Two mental arithmetic

a CnnditioninK Stimulus
• Test Stimulus
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I

^As is apparent in Figure I, a contingent negative variation develops
before presentation ofthe test stimulus when participants were instructed to
count dunng the numher task. To examine the possihility that this sustained
negativit) timfoundcd the measurement of NKK) from a prestimulus basehne determined before the pair of clicks as reported by Jerger et al. (IW2).
NlOO amplilude to the conditioning and test stimuli was measured from
80-ms baselines established before each click. Results were similar to those
obtained when NHX) was scored using the more distal baseline, with two
exceptions NUX) amplitude to the test stimulus was significantly different
across all three tasks and during the number task. NHX) 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 pnKedure of Jerger et al.

Passive
Task

Intensity
Task

Numher
Task

i. liflccts ofthe attentional manipulation on PSO amplitude for the
conditioning stimulus and test stimulus in Bxperinu-nt I
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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 ftom a protix-ol 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 aetivity comparably in
individuals who are usually high or low in cardiovascular reactivity (.Sgoutas-Emch et al.. 1W4). We predicted that the otal mental
arithmetic task would disrupt P50 suppression because norepinephrine has been shown to play a role in gating (AdIer et al.. 1994;
Johnson & AdIer. 1993: Stevens. Meltzer. & Rose. 1993). Relative
to activity elicited during the passive task, attenuation of NlOO was
expected to reliect interference from the performance of mental
arithmetic and to verify that the manipulation was sufficiently
engaging of attention. Measures of hcaii tate (HR). electrodermal
activity (EDA), and self-report were included as converging measures of stress atid anxiety.
Method
Participants
Participants were the same 13 from Experitnent 1. All data were in
the satne session as Experiment 1.
Psychophysiological Recording
Reeordings of EEG and EOG were as described in Expetiment 1.
HR was recorded using two standard electrodes placed bilatetally
on the lower ribs. The electrocardiogram signal was passed thtough
a Grass Model 12 amplifier to a Coulboum Dual Comparator/
Window Diseriminator tbat 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 CoulbiHirn apparatus was recorded to the nearest milliseeond.
EDA was recorded from a pair of standard 1.5-em .Sensormedics Ag/AgCI electrodes (0.5-cm recording surface) attached to the
volar surface of the second and third finger of the nondominant
hand. The electtolyte was sodium chloride in LIniba.se (Fowles
et al.. 1981). EDA was recorded directly by applying a eonstant
0.5 V across the electrode pair using a Coulbourn S71-22 SC
Coupler set for DC eoupling. EDA level was digitized at 20 Hz for
3 s before and 6 s after each auditoiy stimulus on.set. Resting levels
of HR from one participant and F.DA from three participants were
unavailable due to technical difficulties.
Auditory Stimulation
Click stimuli and background noise were as described in Experiment I. The two mental arithmetic (asks wete cotnplctcd while
listening to 80 trials ot paired clicks that were identical to those
presented during the passive ba,seline task in Experiment 1,
Procedure
To as,sess resting levels of autonomic activity. HR and EDA wete
tecorded continuously over a 3-tiiin testing baseline perii>d. After
obtaining a resting ba.seline. the experimental conditions wete
introduced.
Participants were instructed to pertbrm two mental arithmetic
tasks that were separated by a 5-niin break. Each task consisted of
seven 2-min serial subtraction ptoblems of vatying difficulty. Patticipants performed each task without stopping and were ptotiipted
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
eorrected by tbe 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 oceuired approximately 7 min after the start of the task. Tbe
subtractions used during the oral mental arithmetic (oral MA) task
were as follows: Subtraction 1: 3.605 by 3s. Subtraction 2: 5.428
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
Subtiaction 7: 9.545 by 19s.
During tbe seeond 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 arithmetic more challenging. Participants were informed that the experimenter might probe for a eorrect 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 pertormance during the same (bur click trials, during which the speed instructions were given during the oral MA
task. Participants were ahso prompted during the 1 -min break at the
halfway point and at the end of the task. Thus, a total of six
subtraction respon.ses was elieited during the task. The subtractions
used during the silent mental arithmetic (silent MA) task were as
follows: Subtraetion 1: 2.907 by 3s. Subtraction 2: 6.828 by 7s.
Subtraction 3: 9. 561 by 13s. Subtraction 4: 5.113 by 8s. Subtraction 5: 8.318 by 14s. Subtraction 6: 9.994 by 17s. and Subtraction 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 performance of the oral MA task.
Prior to the administration of either arithmetic task, participants
provided ratings on a 7-point seale of how ditficult they perceived
atithtnetic problems to be in general, how much they liked arithmetic, and how anxious they lelt 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 wete included in any of the ERP averages. Average HR for
each trial was ealeulated 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 detemiine the mean
interbeat intet val (lBI) for each trial. The mean IBl was computed
for the 80 trials of paired elieks during each mental arithmetic task,
then conveticd to HR in beats per minute.
Nonspecific tluctuations in EDA were defined as 0.05-/xs 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 deseribed for HR. For data analyses, the average number of
nonspecific fluctuations per minute was calculated to permit a
direet eomparison between nonspeeific fluctuations obtained during
the 3-min resting baseline and 16-min mental arithmetic conditions.
Data Analysis
As de.scribed 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 suhtractions
attempted were approximated by adding the number of subtractions necessary to reach the reported result at each of the six
probes. The percentage cotTect of these six responses also was
calculated.
For PSO analyses, the passive haseline task obtained during
Experiment 1 was mcluded in a set of repeated-mea.sures ANOVAs
with two within-subject fully cros.sed 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 withm-subject factor.
The 7-point anxiety measures also underwent single-factor ANOVAs with one within-suhject factor, task. Greenhouse-Geisser corrected p values were u.sed throughout. Post hoc analyses were
performed using the Newman-Keuls statistic at a 9S'7( 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, autonomic responses to the oral MA task were compared with responses
elicited during the re.sting ha.seline. Planned compari.sons al.so
were undertaken hetween the silent and oral MA tasks to verify
larger increa.scs in autonomic activity when the task was performed
aloud.
Results
Performance
Participants attempted a greater numher of suhtractions during the
oral MA task {M = 1S7.S, SD = 26.S) than dunng the silent MA
task (Af = 6.3.7, SD = 1 l.S), f ( l , l 2 ) = 147.29, p < .(X)l. The
percentage of correct respon.ses also varied significantly hy task,
F(I,I2) = 49.09, p < .001, with participants performing accurately on 87% and 35% of subtractions attempted during oral and
silent MA tasks, respectively. Both measures of performance during the silent MA task are likely to be artificially supprcs.sed,
however, because they are based on responses provided during the
six probe points rather than on ongoing, continuous serial subtractions. A more valid comparison is offered by contrasting the numher of subtractions attempted dunng the last series of suhtractions
performed for each task. With this measure, no significant difference in performance was measured, f ( l , l 2 ) = 0.60.
Self-Report
The 7-point anxiety rating showed an effect for task, F(2,24) =
6.61, p < .01,6 = O.8S62. Post hoc comparisons demonstrated that
anxiety was higher after oral MA (M = 4.3, SD = 1.1) than before
oral MA (W = 3.0, SD = 1.2). Anxiety levels measured after silent
MA {M = 3.6, SD = 1.2) did not differ significantly from cither of
the two previous ratings. TTiese 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 between tasks (M = S.4 for both), F(l,12) = 0.03, suggesting that
the two arithmetic tasks were perceived to be equally challenging,
NlOO

Grand average waveforms are presented in Figure 4. NlOO amplitude produced task, F(2,24) = 29.4S,p < .001, e = 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, Cirand average event related potential (liRP) waveforms for the
passive baseline and each mental arithmetic task at the three tnidline sites
in Experiment 2. The P50 component is indicated with arrowheads at the
CV. lead.

p < .001, e = 0.6128, effects (see Figure S). Post hoc comparisons
revealed that, whereas NlOO 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 unditlcrcntiated 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 NlOO decreased a^ a function of task for the conditioning response only, indicating that the oral MA task disrupted attention more
than did Ihe silent MA task. As expected, the arithmetic tasks did
not significantly influence NI (X) amplitude to the test stimulus, where
directed attention is assumed to be minimal.
P50
PSO amplitude .showed click, F ( l , 1 2 ) = 38.19, p < .001, task,
F(2,24) = 19.16, ,; < .001, e = 0.7288, and Task X Click,

1

O Cnnditiiinlng Stimulus
Q Test Stimulus

JL

Pa.s.sive
Task

Oral MA
Task

Sili-nl MA
Task

Figure 5, liffects of the psychological stressor manipulation on NKX)
amplitude for the conditioning stimulus and test stimulus in Experiment 2.
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F(2,24) = 10.91,/? < .001.6 = 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 conditioning stimulus during the passive and silent MA tasks, P50 to the
two clicks was comparahic during the oral MA task. Post hoc
comparisons also determined that the task effect was significant for
the conditioning stimulus hut not for the test stimulus. In contrast
to results obtained for NlOO, P50 to the conditioning stimulus was
smaller during the oral MA task than during the other two tasks hut
did not differ hetween the passive and silent MA tasks. The lack of
a differentiated P50 response to the silent MA and passive tasks
suggeststhat, unlike NlOO, mere inclusion of a competing task was
insufficient to disaipt P50. Instead, P50 appears to have been
.sensitive only to the stress and anxiety or disruption of attention
as.sociated with the oral MA task,
l'5() Suppression Ratio
P!S() amplitude latio (test/conditioning) showed a main effect for
task, F(2,24) = 5.19,/> < .O.'S, e = 0.6187. Po.st 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, .S7> = 0.22) within the range considered normal by
I reedman el al. (1983, 1987). F-xamination ofthe mean ratio .scores
during the oral MA task revealed that suppression surpassed the
normal range (M = 0.68, SD = 0,39), 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
ha.scline, HI 1) = 3.25,/>< .01, and silent MA task,/(I 1) = 5,50,
/) < .(K) 1. These data are presented in Table I.
Electrodermal Activity
An analysis of the average number of nonspecitic tiuctuations per
minute (Tahle I) showed signiticant task etfects whereby the oral
MA task elicited a greater number of nonspecific tluctuations than
did the resting baseline, /(9) = 2.57, p < .05, and silent MA task,
/(9) = 3.0, p < .05. Mean number of nonspecific tluctuations
obtained over the 16-min duration of the oral and silent MA tasks
was 39.5 and 14,9, re,spectively. Significant task effects tor HR and

10
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Ki({un' 6, ivHeils (il Ihc psychoUipical sirtssor manipulation on P.M) anipliUidc lor the (.iindiliiining slinuilus and lest stimulus in Hxpciimcnl 2.

Table 1. Mean Values and Standard Deviations for Autonomic
Variables to High-Intensity Clicks in E.xperiment 2
Resting baseline
Variable
HR
NSFs/min

Oral MA task

Silent MA task

M

SD

M

SD

M

SD

66.25
0.S7

10.66
0.52

76.17
2.47

13.00
2.23

69.17
0.93

9.98
0.90

Note: HR = hean rate: NSFs/min = nonspecific fluctuations per

minute. « = 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 &
Adier, 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 Freedman et al. (1987). The pattem of results for the silent MA task
closely parallels those reported by Waldo and Freedman (1986) for
silent subtraction. Specifically, the concurrent performance of silent MA inciea.sed 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 intluencing P50 suppression.
The oral MA task, in comparison, had a considerable impact
not only on P50 hut on autonomic measures. Accompanying participants" .self-report of heightened anxiety, significant increases in
HR and electrodermal nonspecific fluctuations were observed during oral reports of arithmetic problems. On the basis of research
conducted by Sgoutas-Emch et al. (1994), it is possible that epinephrine and norepinephrine levels would also have been found to
increase substantially, had they been measured. Thus, the pattem
of results obtained using an acute psychological stressor are generally 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 tbe 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
'Data were eolleeled on a separate sample of 10 participants lo deiermine whether difloa'nces in autonomic activity, obtained hetween the oral
and silenl MA tasks, might reflect habituation ettects. Counterbalancing of
the two experimental tiianipulations prixluced the same pattern of results,
wilh signiticant increases in HR and number ot electrixiermal nonspecific
lluctuations exhibited during the oral MA task, versus the silent MA condilion.
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typically inferred from alterations in PSO amplitude to the test
stimulus. Our results are nonetheless informative because previous
research has found PSO amplitude to the conditioning stimulus to
be significantly reduced among individuals diagnosed with schizophrenia (e.g., Adier et al., 1982; Boutros et al., 1991; Freedman
et al., 1983) as compared with normal participants. This study,
therefore, demonstrates that PSO suppression can be modified experimentally to mimic aspects of the gating deficit associated with
schizophrenia.
The basis for the apparent disruption of PSO is unclear, although .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 possibly account for the diminished PSO 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 PSO suppression ratio.
Another possibility is that the additional requirement to vocalize 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 increa.sed motor output. The current pattem of results also suggests that speech may have had a
specific impact on the determinants of PSO amplitude to the conditioning stimulus. It is possible that the sound of their own voices
disrupted participants' PSO. Dunng 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 prixessing of the first auditory
click. Altematively. muscle artifact has been suggested as a potential confound in studies of PSO (e.g., Griffith, Hoffer, Adler, Zerbc,
& Freedman, 199S). It is conceivable that the motor activity necessary for generating speech may have disrupted PSO amplitude to
the conditioning stimulus or its measurement. Although each of
these po.ssibilities will need to he pursued with additional research,
their likelihood is reduced by the fact that only PSO amplitude
responses to the conditioning stimulus were influenced, whereas
those to tbe test stimulus were unaffected.
CONCLUSION
This pair of studies was undertaken to examine factors that might
influence PSO suppression and to determine the extent to which
changes in PSO reflect the effects of psychological prcx;esses. The

attentional manipulations and methodological enhancements of
Experiment 1 confirmed and extended the finding by Jerger et al.
(1992) that NlOO is profoundly influenced by attention, whereas
neither PSO amplitude nor its suppression are affected. Experiment
2 examined the effects of stress on PSO by introducing two mental
arithmetic tasks and found substantial alterations in PSO amplitude
and its suppression. Thus, although PSO suppression appears to
reflect a preattentive process, it may he subject to modification by
psychological states such as brief psychological stress.
The present findings have important implications for PSO studies of sensorimotor gating in schizophrenia. For instance, the effects 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 occurrence of another stimulus immediately following the conditioning
stimulus, no alterations to PSO amplitude or its suppression were
ohserved. Attention, moreover, appears to have been diverted somewhat during performance of the concurrent silent MA task, but any
impact on the PSO mcasutcs was not detected.
Results of Experiment I concur with those of Jerger ct al.
(1992) but contrast with those of Guterman et al. (1992). One
explanation for these disparate results is that the experimental
manipulation used hy Guterman et al. may have affected not only
attention hut other mental processes. Guterman et al. required participants 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 ofthe number of designated test stimuli presented, whereas the go/no-go condition required making an RT response whenever a de.signated te.st stimulus
was presented. Only the count/no-count condition was found to
have a statistically significant effect on PSO amplitude suppression.
Therefore, it would appear that disruption of PSO suppression was
accomplished by requiring participants to perform simple arithmetic and maintain a ruqning memory count of designated test stimuli. Although it is unclear what mechanisms can account for this
disruptive effect on PSO, stress and anxiety are clearly possibilities.
As suggested by the results of Experiment 2, stress can affect
PSO suppression, and the impact may be more extensive than previously believed (e.g., Waldo & Freedman, 1986). Future research
on sensorimotor gating, therefore, should consider monitoring levels of stress and anxiety to determine whether failures to suppress
PSO result from the participants' respon.ses to the testing situation
or to some underlying pathophysiolopy. In addition, it will be
important to extend this research and dctcrtnitic the extent to which
PSO suppression is influenced by attention and psychological stress
in individuals with psychiatric disorders.
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