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€50 Suppression is Not Affected by Attentional 
Manipulations 

 sti in Jerger, Christie Biggins, and George Fein 

Auditory evoked potentials (EP) to high or d e r a t e  intensity, single or paired clicks 
were recorded from normal young adult subjects. A choice-reaction-time paradigm had 
two sets of instructions, for intensity discrimination and for number (single versus paired 
stimulus) discrimination. For intensity discrimination, the second click had no informative 
value and its NlOO amplitude was markedly reduced relative to the first click. For number 
discrimination, the presence or absence of the second click provided the salient infor- 
mation, and NlOO amplitude was actually slightly larger for the second compared to the 
first click. In contrast, the attentional manipulation had no effect on P50 amplitude, 
which showed over 50% suppression from the first to the second click for both tasks. 
Thus, suppression of P50 amplitude to the second of a pair of clicks is insensitive to 
attentional manipulations that have major &ects on NlOO amplitude. These findings 
suggest that abnormalities of schizophrenic P50 suppression reflect neuronal rather than 
psychological phenomena. 

Introduction 
Over the past 10 years, suppression of the auditory P50 brain-evoked electrical response 
to sequential clicks has become an important phenomenon in psychiatric research. In 
normal subjects, when pairs of clicks are presented, the relative amplitude of the response 
to the second click is reduced when the interclick interval is less than 1 sec (Erwin and 
Buchwald 1986; Davis et al 1966; Roth and Kopell 1969; Fruhstorfer et al 1970). In such 
cases, it is thought that the second stimulus was presented before the neuronal aggregates 
that subserve the P50 response had completed their recovery cycle and returned to the 
resting state. In schizophrenics, at a 500 msec interclick interval (which results in over 
a 50% relative reduction in response amplitude to the second click in normals), the 
response amplitude to the second click is comparable or only minimally reduced relative 
to the response to the first click (Freedman et al 1983; Freedman et al 1987; Nagamoto 
et al 1989). This recent work follows earlier work by Shagass and colleagues (e.g., 
Shagass 1972) investigating the hypothesis that altered neural recovery functions underlay 
the psychopathology of schizophrenia. Freedman and colleagues (Freedman et al 1987; 
Waldo and Freedman 1986) interpret the aberrant auditory P50 recovery cycle in schizo- 
phrenics as reflecting impaired sensory gating, by which they infer a preattentive process 
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that prevents irrelevant auditory stimuli from ascending to higher levels of cortical pro- 
cessing. However, no experimental evidence has been presented demonstrating that au- 
ditory P50 suppression to paired clicks is preattentive and is not subject to modification 
by attentional manipulations. 

In comparison to the hypothesized preattentive nature of the auditory P50 component. 
attentional modulation of the auditory NlOO component has been well documented (re- 
viewed in Naatslnen 1990), such that NlOO amplitude increases with perceived stirniilus 
salience. Suppression of NlOO amplitude to paired stimulus presentations parallels suppression 
of P50 amplitude (Roth et al 1980). Indeed, abnormal suppression of the NlOO, mirroring 
that of the P50, has been shown to occur in schizophrenics (Nagamoto et a1 1989), though 
those results were thought to be less convincing evidence of sensory gating abnormalities 
due to the difficulty of monitoring subjects’ interest, which might confound interpretation 
of NlOO effects. 

The abnormal suppression of the auditory P50 response is an exciting new finding li 
it represents a preattentive, or hard-wired mechanism. If it is modifiable by attentional 
manipulations, it is but another example of the well-documented impaired attention ot 
schizophrenics. The attentional disturbances in schizophrenia were first described b! 
Bleuler (19 1 1). He noted that “although uninterested and autistically encapsulated patients 
appear to pay little attention to the outside world, they register a remarkable number o! 
events of no concern to them. The selection process which attention exercises over normal 
sensory impressions may be reduced to zero, so that almost everything that meets the 
senses is registered.” Models of defective filtering in schizophrenia were extensive!! 
developed in the 1960s (reviewed in McGhie 1969) and are still applicable to studies ot 
schizophrenic information processing (e.g., Braff and Saccuzzo 1985). 

The goal of this research was to determine whether P50 suppression could be modulated 
by an attentional manipulation. Modulation of NlOO suppression by the attentional ma- 
nipulation was required as evidence that the attentional manipulation was sufficientl) 
potent. 

Methods 

Overview 
Our goal was to use an experimental manipulation of attention to determine the degree 
to which attentional factors contribute to suppression of the auditory P50 component to 
the second of a pair of clicks. We constructed two experimental conditions, one in which 
no attention to the second of a pair of clicks was required for task performance (i.e., the 
second click was nonsalient to the task), and the other in which attention to the presence 
or absence of the second click determined the appropriate task response (i.e., the second 
click was salient to the task). Based on the extensive literature documenting attentional 
modulation of auditory NlOO amplitude over the time scale of our stimulus configurations. 
we required changes in NlOO amplitude consistent with the task salience of the second 
click to validate that the experimental manipulations were working as planned. We then 
examined P50 amplitude changes to the two clicks to ascertain if they varied with ex- 
perimental conditions in a manner similar to the NlOO component amplitudes. A major 
strength of this experimental design was that NlOO and P50 amplitude could be measured 
from the same data sets via component specific bandpass filtering of the average evoked 
potentials (EP). 
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Subjects 
Subjects were recruited via advertisement on a local university bulletin board. Subjects 
were interviewed to exclude those with a history of drug or alcohol abuse or a family 
history of neurologic or psychiatric disorder. Twelve subjects were studied, six women 
and six men, all between 23 and 29 years of age. Most were either students or had 
recently completed their formal education, and none were taking any medication at the 
time of the study. All subjects gave informed consent and were paid for their participation. 

Recording Methods 
For all recordings, subjects were relaxed, awake, and seated upright in a room that was quiet 
but not acoustically isolated. Fourteen electroencephalographic (EEG) channels were re- 
corded using an electrode cap with tin disk electrodes (Electro-Cap International, Eaton, 
OH) and referenced to a tin electrode clipped to the left earlobe. Only data from the vertex 
lead are reported here. Vertical eye movements were monitored via gold cup electrodes 
placed above and below the right eye, and horizontal eye movements were monitored via 
electrodes placed at the lateral canthi. Electrode gel (Electro-cap International) was used to 
reduce impedance to EEG leads in the electrode cap, while the reference and EOG leads 
were affixed using Grass EC2 Electrode Cream. All impedances were below 5000 ohms 
and signals were amplified 50,000 times by a Grass Model 12 Neurodata Acquisition Sys- 
tem with analog filters at 0.1 and 1000 Hz. Stimulus presentations were controlled and data 
were collected by ERPSYSTEM Software (Neurobehavioral Laboratory Software) and an 
Analog Devices RTI 800-815/F laboratory interface card on a 20 MHz Intel 80386-based 
personal computer. Data were sampled for 750 msecs at 2000 Hz within channel resolution 
beginning 50 msec prior to stimulus presentation. Individual trials were rejected if activity 
on either eye movement channel exceeded + / - 70 microvolts. 

Auditory Stimulation 
Click stimuli were created by amplification of a 0.05 msec square wave generated via the 
Analog Devices D/A converter. The square waves were passed through a Hewlett-Packard 
350D Attenuator, amplified by a Pioneer SX-2300 stereo receiver/amplifier and delivered 
to the subject over Realistic NOVA'20 headphones (Tandy Corporation, Houston, TX). 
With the voltage of the D/A square wave set to 2 volts, each subject's threshold for detecting 
the click stimuli was established by adjusting the amplifier and attenuator settings using a 
method of limits procedure (using the amplifier for gross adjustments and the attenuator for 
more fine adjustments), such that at threshold the attenuator was set to a value greater than 
65 dB. The attenuator setting was then decreased by 65 dB so that the 2 volt square wave 
was 65 dB above threshold. We denote this as the moderate intensity stimulus. The high 
intensity stimulus was generated by passing a 7.5 volt square wave through the same arn- 
plification. This yielded a stimulus just over 76 dB above threshold, which was very easily 
distinguished as louder than the moderate intensity stimulus by all subjects. 

Selective Attention Paradigm 
Four combinations of clicks (see Figure 1) were presented in random order: moderate 
intensity single clicks, moderate intensity paired clicks, high intensity single clicks, and 
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Figure 1. Stimuli presented. Four conditions consisting of combinations of clicks were presented 
in random order. Fifty-five percent of trials involved paired high intensity clicks, 15% involved 
paired moderate intensity clicks, 15% involved a single high intensity click, and 15% involved a 
single moderate intensity click. A11 clicks were 0.05 msec in duration. The interclick interval for 
paired clicks was 500 msec. The intertrial interval was varied between 7 and 8 sec to minimize 
time-locked expectancy effects. 

high intensity paired clicks. Fifty-five percent of the trials included high intensity paired 
clicks (Condition I ) ,  with 15% of trials from each of the other three conditions. Paired 
clicks were separated by an interval of 500 msec, with the intertrial interval varying 
between 7 and 8 sec. The experiment continued until 120 artifact-free trials were collected 
for the first experimental condition and 30 artifact-free trials were collected for each oi 
the other three experimental conditions. Subjects were given one 3-min break, when 60 
artifact-free trials had been collected for condition I .  Data for each experimental condition 
were averaged on-line and stored on hard disk along with data for each single trial. Each 
subject participated in six experiments over 3 nonconsecutive days. Experiments varied 
only in the subject’s task, as conveyed via the experimental instructions. Two tasks were 
used, with each task repeated on three different occasions such that the reliability of 
results for each task could be established both within day and between days. (See Table 
I for balanced task schedule used.) 

For task 1, the subject was told to raise his or her right index finger when moderate 
intensity stimuli were detected, regardless of whether the stimuli consisted of single or 
double clicks. The necessary information for completing this task could be obtained from 
the first click on any stimulus trial. For task 2, the subject was told to raise his or her 
right index finger when a pair of clicks was detected, regardless of whether the pair was 
of high or low intensity. In this case, it was the presence or absence of the second click 
that provided the information necessary for correct task performance. Each subject re- 
ceived a scaled monetary bonus rewarding short reaction times on task 2. Subjects were 
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Table 1. Task Schedule for Measuring within and between Day Reliabilities While Controlling 
for Order Effects 

6 Subjects 6 Subjects 

task I task 2 
task 1 task 2 
task 2 task 1 
task 2 task 1 

3 Subjects 3 Subjects 3 Subjects 3 Subjects 

task 2 task 1 task 2 task 1 

Day 1 

Day 2 

task 1 task 2 task 1 task 2 Day 3 

told that they would receive a scaled monetary bonus of up to $20 for the entire 3 sessions, 
based on consistent and fast reaction times for task 2 (all subjects were given the $20 
bonus at the end of the experiment). In pilot studies, we found lower NlOO amplitude 
for the number discrimination compared to the intensity discrimination task. Subjects 
reported the number discrimination task as being much easier and requiring less attention 
for correct performance. The monetary incentive for fast responses was designed to 
increase the attention subjects paid to the stimuli in task 2. 

EP Waveform Analysis 
The average EPs were digitally bandpass filtered at 10-50 Hz for measurement of the 
P50 component and at 1-20 Hz for measurement of the NlOO component. Figure 2 
displays the effect of these filter settings on an illustrative subject's data (the filter algorithm 
and its frequency response characteristics are presented in the Appendix). The 10-50 Hz 
bandpass filter removed nearly all influence of the NlOO and P200 components (compare 
the 10-50 Hz and 1-20 Hz filter) while passing the P50 response (compare the 10-50 
Hz and 10-100 Hz filters). We chose the 10-50 Hz filter over the 10-100 Hz filter 
because of the need to filter out 60 Hz noise. The 10-100 Hz filter together with either 
the Grass 60 Hz notch filter or a digital 60 Hz notch filter would have removed more 
power from the P50 component than did the 10-50 Hz filter. The filtering out of NlOO 
from the waveforms on which P50 was measured was especially important because NlOO 
amplitude effects were required as evidence that the experimental manipulations were 
adequate. If N 100 amplitude effects had confounded P50 amplitude measurements, this 
might have led to artifactual P50 amplitude attentional effects. 

No single method for measuring peak amplitudes has been established (Callaway 1975). 
The two most common methods include measurements relative to an established baseline 
of activity and measurements relative to the preceding maximum of opposite polarity. 
For measurement of the P50, the literature suggests that the second technique is more 
informative as the P50 is of relatively small amplitude and often occurs as the NIOO 
begins, causing the entire P50 to be negative (e.g.. Nagamoto et a1 1989; Erwin and 
Buchwald 1986). For the N100, this was not necessary because the NlOO is a relatively 
large amplitude wave in comparison to earlier activity and as the earlier activity is of 
higher frequency and tends to be predominantly filtered out by the bandpass filter. In this 
study, then, P50 amplitudes were measuEd from the preceding negativity, and NlOO 
amplitudes were measured relative to the 50 msec prestimulus baseline. The algorithm 
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Figure 2. Effect of different filter settings on data. A representative subject’s averaged evoked 
potentials to each of the paired high intensity clicks for one session are displayed to illustrate the 
effects of four different bandpass filter settings. Clockwise from top left, data are: (1) unfiltered. 
(2) bandpass filtered from 1-20 Hz, (3) bandpass filtered from 10-100 Hz, and (4) bandpass filtered 
from 10-50 Hz. Nl00 amplitudes were measured using the 1-20 Hz bandpass filter while PSO 
amplitudes were measured using the 10-50 Hz bandpass filter. All filters were applied offline, after 
data collection was completed. 

used to identify the amplitude and latency of each of the peaks (or troughs) selected the 
most positive (or most negative, if a trough was indicated) voltage value within the 
specific time period following the stimulus. Time ranges were as follows: trough preceding 
P50, 30-50 msec; P50, 40-80 msec; NIOO, 70-120 msec. In cases where no clear peak 
was observed, a peak of 0 microvolts amplitude was recorded. 

The primary data analysis was a repeated measures analysis of variance (ANOVA). 
with three within-subject fully crossed factors: task (intensity versus number discrimi- 
nation), click (first versus second), and session (1-3). Greenhouse-Geisser corrected p- 
values were used throughout and are presented in the tables (Geisser and Grcenhoux 
1958). 

Results 
Because of a computer malfunction, one subject’s data for one session (session 1 for the 
intensity discrimination task) was lost. The overall analyses (task x click x session) 
were carried out on 11 subjects. For the remaining analyses, for that subject, the missing 
P50 and NlOO values were filled in with the mean values from the other two sessions 
for that task. 
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Table 2. Analysis of Variance-NIOO Amplitude 

Source MSS F P 

Task 335.94 42.58 o.oO01 
Session 18.55 3.27 0.10 

Task x click 219.71 25.44 o.oO05 

Click 33.23 1.29 0.28 
3.41 0.88 0.43 Task X session 

Session x click 3.06 1.28 0.29 
Task x session X click 0.51 0.27 0.76 

Reaction Times 
Average reaction times (RTs) for task 1 and task 2 were 913.6 msec and 820.2 msec, 
respectively. Despite the fact that only the first click was needed for the discrimination 
in task 1, the longer RTs in this task compared to task 2, for which the presence or 
absence of the second click was salient, indicate a lack of possible motor artifact in the 
EPs to the second click for task 1. The faster RTs for task 2 also reflect the easier 
discrimination required for this task. 

NlOO 
NlOO amplitude was readily apparent and able to be scored in all waveforms. Repeated 
measures ANOVA revealed a highly significant task by click interaction for NlOO am- 
plitude (Fl,lo = 25.44, p = 0.0005, see Table 2). This interaction effect is displayed 
in Figure 3. In task 1 ,  when the first click was salient, there was suppression of NlOO 

T 

Task 1 

Figure 3. Effects of the T attentional manipulation 

Task 2 

0 1st Click 

a 2nd Click 

on NlOO amplitude. Er- 
ror bars represent SEM. 
For task 1, NlOO ampli- 
tude suppression (proba- 
bly reflecting habitua- 
tion) occurred from the 
first to second click. This 
task involved click inten- 
sity discrimination, and 
the first click provided all 
information necessary to 
complete the task. In 
contrast,fortask2,NlOO 
amplitude to the second 
click was slightly larger 
than it was to the first 

~ 

click. This task required 
counting the number of 

clicks in the trial, and the presence or absence of the second click provided the information necessary 
to complete the task. The task-by-click interaction was highly statistically significant (Fl, lo = 25.4, 
p = 0.0005). 

1st Click Salient 2nd Click Solient 
Task by Click Interaction Fs25.44 ~ 3 . 0 0 0 5  
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Table 3. NlOO and P50 Amplitude Reliability 

NlOO P50 

task 1 task 2 task 1 task 2 

0.68 0.14 0.94 0.73 
0.62 0.91 0.62 0.77 
0.60 0.71 0.59 0. I6 

Within day 

Peak 1 
Peak 2 
Peak difference 

Between day 
~ 

0.84 0.24 0.69 0.80 
0.13 0.37 0.11 0.90 

Peak 1 
Peak 2 
Peak difference 0.61 0.55 0.31 0.62 

amplitude from the first to the second click (over a 45% reduction in amplitude, FI.I1 = 
17.47, p = 0.002). In contrast, in task 2, when the second click was salient, suppression 
of NlOO amplitude to the second click was absent, and NlOO amplitude to the second 
click was actually larger than it was to the first click, although this did not quite reach 
statistical significance (F1.ll = 3.15, p = 0.104). Moreover, NlOO amplitudes were 
consistent with this interaction effect in eleven of the twelve subjects studied. There were 
no significant differences in amplitude between the NlOO to the first click in tasks 1 and 
2 (FI, l l  = 1.045, p = 0.33), indicating that both tasks about equally engaged subjects' 
attention. 

Analysis of NlOO latency revealed a trend for a main effect of task and a statistically 
significant main effect for click. The NlOO latency tended to be shorter for the second 
task (92.2 msec versus 96.0 msec; Fl, lo  = 4.39, p = 0.06), and was shorter for the 
second click (86.8 msec versus 101.4 msec; Fl.lo = 22.53, p = 0.0008), with no other 
significant effects or trends apparent. 

Table 3 displays the intraclass correlations for NlOO, both within a single day and 
across days. These correlations indicate low-to-moderate reliability of N 100 amplitude. 

P50 
P50 amplitude was readily apparent in all waveforms. For three subjects, the negativity 
preceding the P50 was obscured by an overlapping P30. For those subjects, P50 amplitude 
was measured from the zero baseline. The results for P50 amplitude are in stark Contrast 
to those for NlOO (see Table 4 and Figure 4). There was markedly smaller P50 amplitude 

Table 4. Analysis of Variance-P50 Amplitude 

MSS F P Source 

Task 0.26 0.27 0.61 
Session 0.94 0.77 0.48 
Click 166.92 34.61 0.0002 
Task X session 0.66 1.67 0.21 

Session x click 0.92 0.86 0.44 
Task X click 0.03 0.01 0.78 

Task x session x click 0.18 0.37 0.69 
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Figure 4. Effects of the at- 
tentional manipulation on 
P50 amplitude. Error bars 
represent SEM. No effect 
of the attentiond manipu- 
lation on P50 amplitude was 
observed. For both tasks 1 
and 2, the same degree of 
P50 amplitude suppression 
occurred from click 1 to click 
2. The P50 amplitude 
suppression in task 2, in 
which the second click was 
salient for task performance 
stands in stark contrast to 
the strong attentional effect 
observed for N100. The 
task-by-click interaction was 

0 1,t Click 

a Zn* 'lick 

statistically nonsignificant 

while the amplitude suppression, which occurred for both tasks, was highly statistically significant 
(Fj.jo = 0 . 0 8 , ~  = 0.79), Task by Click Interaction F=.OB p=.79 

(Fl , lo  = 3 4 . 6 1 , ~  = 0.0002). 

to the second compared to the first click of each click pair (Fl,lo = 34.61, p = 0.0002, 
see Table 4). However, this suppression of amplitude to the second click was not affected 
by the difference between tasks. There was a 51.4% amplitude reduction to the second 
click in task 1, and a 52.4% amplitude reduction to the second click in task 2 (task X 

click interaction, Fl,lo = 0.08, p = 0.79). Figure 4 illustrates this almost identical 
reduction of P50 amplitude from the first to the second click for the two tasks. 
P50 latency tended to be earlier for the third session compared to the first and second 

sessions (54.9 msec versus 56.6 msec and 56.6 msec; FZvU) = 4.07, p = 0.07). with 
no other significant effects or trends apparent. 

Intraclass correlations for P50 amplitude (see Table 3) were comparable to those for 
NlOO amplitude. For P50, the reliability of the P50 suppression measure (the difference 
between the amplitude of peaks one and two) was lower than that of the separate peak 
amplitude measurements, suggesting independent sources of variability for the two peaks. 

Discussion 
This study provides compelling evidence that powerful attentional manipulations affect 
neither auditory P50 amplitude nor the suppression of auditory P50 amplitude to the 
second of a pair of clicks. The powerful effects of our experimental manipulations on 
NlOO amplitude are unequivocal in establishing that the experimental manipulations 
profoundly affected attention and that these attentional effects were manifest in the evoked 
potential. Yet, absolutely no effects of the attentional manipulation were manifest on any 
of the P50 measures. On the basis of our experiments alone, we cannot rule out the 
possibility that the tasks.we used to manipulate attention were keyed to the determinants 
of NlOO amplitude, and that a different attentional manipulation might result in P50 
amplitude effects instead of, or in addition to, NlOO amplitude effects. Nonetheless, our 
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results strongly suggest that P50 suppression reflects a preattentive, or hard-wired aspect 
of the processing of auditory information. 

The implication of this study is that the reduced P50 suppression reported in schizo- 
phrenic patients also reflects preattentive, or hard-wired differences in the processing of 
auditory information. This phenomenon may be of tremendous value both in pointing 
towards a possible genetic marker for some subset of the schizophrenias and in providing 
clues to the mechanisms underlying the impairments of information processing in schizo- 
phrenia. 

In the mid-1960s. the P50 was thought to reflect muscular activity (Bickford et d 
1964; Mast 1%5), and it was not until the late 1970s that the user of muscular blocking 
agents was used to establish the neurogenic basis of the P50 (Harker 1977; Kileny et d 
1983). Buchwald and colleagues, in both cats and humans, have differentiated the gen- 
erators of the auditory P30 from those of the auditory P50 (Buchwald et al 1981; Hinmm 
and Buchwald 1983; Erwin and Buchwald 1986). These two components have markedly 
different recovery cycles, which has facilitated their differentiation. At a rate of 5 clicks 
per sec, the P50 disappears while the P30 remains unchanged. The P30 (also referred to 
as Pa) arises from auditory cortex, while the P50 (or PI) arises from the reticular activating 
system. 

There is compelling evidence that there are two P50 abnormalities in schizophrenia. 
(a) reduced suppression (Le., a sensory gating abnormality) and (b) reduced P50 amplitude 
(Adler et a1 1986, 1988; Freedman et a1 1987). The lower P50 amplitude has been shown 
to be sensitive to neuroleptic manipulation of the dopaminergic neurotransmitter system 
in schizophrenic patients. Treatment of schizophrenics with neuroleptics increases the 
size of the P50 wave towards normal values (Freedman et al 1986; Straumanis et ai 
1982), with the normalization of P50 amplitude associated with the fall of the dopamine 
metabolite, plasma free homovanillic acid. These findings suggest that dopamine is re- 
sponsible for the smaller P50 waves in unmedicated schizophrenic patients. In animal 
studies, Adler et a1 (1986) found that both amphetamine and phencyclidine administration 
reduced P50 amplitude, with the effect reversed by haloperidol. The mechanism by which 
increased dopaminergic activity leads to decreased P50 amplitude is unknown; Freedman 
and colleagues have hypothesized that the effect is via neuronal hypersensitivity and 
desynchrony of the neuronal response to the auditory stimuli (Freedman et al 1987). 

In Adler et al's (1986) study, both amphetamine and phencyclidine also reduced PN 
suppression to paired clicks, and this effect was also reversed by haloperidol. This was 
in contrast to the result in patients, in whom neuroleptic treatment does not normalize 
P50 suppression to paired clicks. In a further experiment, Adler et al (1988) used the 
neurotoxin DSP-4 to selectively lesion central noradrenergic nerve terminals, leavine 
dopaminergic innervations intact. In the lesioned animals, amphetamine did not alter 
suppression, but only decreased the amplitude of the P50 response. These findings sue- 
gested that amphetamine effects on suppression and wave size were mediated by nor- 
adrenergic and dopaminergic mechanisms, respectively. Extrapolating the clinical studies. 
these results suggest that two different brain neurotransmitter systems are involved in the 
two types of P50 abnormalities. 

We believe it is important to generate more efficient and reliable methods for assessing 
P50 amplitude and P50 amplitude suppression, especially if these measures are going 10 
have any utility in clinical practice or epidemiological research. This is especially true 
given the smaller P5Os in schizophrenics and other psychiatric patients because the re- 
liability of the suppression measure is limited by the reliability of the P50 amplitude 
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measurement to each of the paired clicks. This concern was our motivation for recording 
14 channels of data. Our plan is to use multichannel dipole modeling of the evoked 
potential signal to separately estimate P50 amplitude to the first and second click. The 
location and orientation of the generator of the P50 will be constrained to be the same 
to both clicks, with only the amplitude parameter varying. In this model, information 
from the responses to both clicks as well as from the topographic pattern of the recorded 
potentials will be used in estimating P50 suppression, which should result in greater 
reliability of the suppression measure. In prior work, we have used a frequency domain 
dipole modeling procedure to estimate the parameters (and their confidence intervals) for 
a single dipole source generating the P50 component (Raz et al in press). 

New statistical developments in the analysis of evoked potentials may also help to test 
the hypothesis that dopaminergic effects on P50 amplitude result from neuronal hyper- 
sensitivity and desynchrony of neuronal responses. Desynchrony of neuronal responses 
would result in the scalp-recorded response being both flatter (Le., smaller amplitude) 
and broader. With frequency domain dipole modeling, this would result in the dipole 
magnitude function having lower amplitude parameters, with the parameters that carry 
the signal being shifted towards lower frequencies. Because the desynchrony would be 
expected to be variable from trial to trial, this would also result in greater trial-to-trial 
variability of the P50 signal. Other new procedures have been developed for assessing 
the degree of trial-to-trial latency jitter (Pham et al 1987), and if the signal-to-noise ratio 
is too low on P50 data to assess latency jitter, these procedures could be extended to 
dipole modeling procedures. 

Appendix: Digital Filter Algorithm 
Based on the concepts of frequency domain filtering (Bloomfield 1976), we implemented 
a digital filter applied postrecording by (1) computing the impulse response of an ideal 
bandpass or notch filter, (2) multiplying the impulse response by a cosine bell-window 
function, (3) computing the Fourier transform of the windowed impulse response to give 
the frequency response, (4) multiplying the frequency response by the Fourier transform 

1.2 , I I 
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of the data, and ( 5 )  computing the inverse Fourier transform to give the filtered data. 
With the bandpass set to 10-50 Hz for measurement of P50 amplitude, the frequency 
response of the resultant filter is as displayed in Figure 5 .  

Note: If the length of the data vector is not of the form 2", the data vector is padded 
using the following procedure: (1) determine the least value of n such that 2" is greater 
than the length of the data vector, (2) embed the data in the center of a length 2" data 
vector of zeros, and (3) perform the filtering on the new, length 2" data vector. 

- 
This research was supported by Veterans Administration General Medical Research Funds. 

References 
Adler, LE, Rose, G, Freedman, R (1986): Neurophysiological studies of sensory gating in rats. 

Effects of amphetamine, phencyclidine, and haloperidol. Biol Psychiatry 2 1 :787-798. 
Adler, LE, Pang, K, Gerhardt, G, Rose, GM (1988): Modulation of the gating of auditory evoked 

potentials by norepinephrine: Pharmacological evidence obtained using a selective neurotoxln. 
Biol Psychiatry 24: 179- 190. 

Bickford RG, Jacobsen JL, Cody DT (1964): Nature of average evoked potentials to sound and 
other stimuli in man. Ann N Y Acud Sci 112:204-223. 

Bleuler E (191 1): Dementia Praecox of the Group of Schizophrenias. New York: International 
Universities Press. 

Bloomfield, P (1976): Fourier Analysis of Time Series: An Introduction. New York: Wiley. 
Braff DL, Saccuzzo DP (1985): The time course of information-processing deficits in schizophrenia 

Am J Psychiutry 142:170-174. 
Buchwald JS, Hinman C, Norman RJ, Huang CM, Brown KA (1981): Middle- and long-latenc! 

auditory evoked responses recorded from the vertex of normal and chronically lesioned cats 
Brain Res 205:91-109. 

Callaway E (1975): Brain Electrical Potentials and Individual Psychological Differences. Orlando. 
FL: Grune & Stratton. 

Davis T, Mast T, Yoshie N, Zerlin S (1966): The slow response of the human auditory cortex IO 
auditory stimuli: recovery cycle process. Electroencephalogr Clin Neurophysiol 21: 101-105 

Erwin RJ, Buchwald JS (1986): Midlatency auditory evoked responses: Differential recovery cycle 
characteristics. Electroencephalogr Clin Neurophysiol64:4 17-423. 

Freedman R, Adler LE, Waldo MC, Pachtman E, Franks RD (1983): Neurophysiological evidence 
for a defect in inhibitory pathways in schizophrenia: Comparison of medicated and drugfree 
patients. Biol Psychiatry 18537-551. 

Freedman R, Adler L, Baker N, et al (1986): Noradrenergic and dopaminergic modulation of 
auditory evoked potentials in schizophrenia and mania. American College of Neuropsycho- 
pharmacology, Abstracts, 25th Annual Meeting: p 147. 

Freedman R, Adler LE, Gerhardt GA, et al (1987): Neurobiological studies of sensory gating in 

schizophrenia. Schizophr Bull I3:669-678. 
Fruhstorfer H, Soveri P, Jarvilehto T (1970): Short-term habituation of the auditory evoked response 

in man. Electroencephalogr Clin Neurophysiol 28: 153-159. 
Geisser S,  Greenhouse SW (1958): An extension of Box's results on the use of the F distribution 

in multivariate analysis. Ann Math Statistics, 29, 886-891. 
Harker LA (1977): Influence of succinylcholine on middle component auditory evoked potentials. 

Arch Otofuryngol 103: 133-137. 
Hinman CL, Buchwald JS (1983): Depth evoked potential and single unit comlates of vertex 

midlatency auditory evoked responses. Brain Res 36457-67. 

Suppression Not Affected by Attention 



K. Jerger et a! 

transform to give the filtered data 
nt of P50 amplitude, the frequent! 
ure 5 .  
: form 2", the data vector is padded 
st value of n such that 2" is greater 
ita in the center of a length 2" data 
new, length 2" data vector. 

Medical Research Funds. 

lgical studies of sensory gating in rats 
)I. Biol Psychiatry 21:787-798. 
lulation of the gating of auditory evoked 
e obtained using a selective neurotoxin 

average evoked potentials to sound and 

,hizophrenius. New York: International 

v Introduction. New York: Wiley. 
ion-processing deficits in schizophrenia 

n KA (1981): Middle- and long-latency 
f normal and chronically lesioned cats 

wl Psychological Direrences. Orlando. 

:sponse of the human auditory cortex IO 
klogr Clin Neurophysiol 21:lOl-105. 
d responses: Differential recovery cycle 
64:417-423. 
D ( 1983): Neurophysiological evidence 
:omparison of medicated and drug-free 

lergic and dopaminergic modulation of 
a. American College of Neuropsycho- 

obiological studies of sensory gating in 

hmtion of the auditory evoked response 

i results on the use of the F distribution 
891. 
component auditory evoked potentials. 

-159. 

ial and single unit correlates of vertex 
57-67. 

pso Suppression Not Affected by Attention BIOL PSYCHIATRY 377 
1992;31:365-377 

Kileny K, Dobson D, Gelfand ET (1983): Middle-latency auditory evoked responses during open- 

Mast TE (1965): Short-latency human evoked responses to clicks. J Appl Physiol 20:725-730. 
McGhie A (1969): Pathology of Attention. Victoria, Australia: Penguin, pp 39-45. 
N s m e n  R (1990): The role of attention in auditory information processing as revealed by event- 

related potentials and other brain measures of cognitive function. Behuv Bruin Sci 13:201-288. 
Nagamoto HT, Adler LE, Waldo MC, Freedman R (1989): Sensory gating in schizophrenics and 

normal controls: Effects of changing stimulation interval. Biol Psychiatry 25549-561. 
Pham, DT, Miicks, 1, Kohler, W, Gasser, T (1987): Variable latencies of noisy signals: Estimation 

and testing in brain potential data. Biometriku 74525-533. 
Raz, J ,  Turetsky, B, Fein, G: Frequency domain estimation of the parameters of human brain 

electrical dipoles. J Am Stutisricul Assoc. (in press). 
Roth WT, Kopell BS (1969): The auditory evoked response to repeated stimuli during a vigilance 

task. Psychophysiology 6:301-309. 
Roth WT, Horvath TB, Pfefferbaum A, Kopell BS (1980): Event-related potentials in schizophren- 

ics. Electroencephalogr Clin Neurophysiol48: 127-139. 
Shagass C (1972): Evoked Bruin Potentials in Psychiatry. New York: Plenum. 
Straumanis, JJ, Shagass, C ,  Roemer, RA (1982): Influence of antipsychotic and antidepressant 

Waldo MC, Freedman R (1986): Gating of auditory evoked responses in normal college students. 

heart surgery with hypothermia. Electroencephalogr Clin Neurophysiol55:268-276. 

drugs on evoked potential correlates of psychosis. Biol Psychiarry 17:llOl-1122. 

Psychiutry Res 19:233-239. 


