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ABSTRACT 

This study was an examination of the parameters of 

the visual evoked response to a threshold level stimulus 

using a signal detection theory paradigm. Use of the signal 

detection approach allows exploration of possible relation

ships between confidence of stimulus detection and the 

averaged evoked response. 

Subjects viewed a dim one degree visual target pre

sented to the fovea; the actual stimulus was a threshold 

level increase in the target intensity. This intensity 

change was present on only half of the trials, with signal 

and no-signal trials randomly mixed. 

After each trial the subject responded on a five 

point scale as to his confidence that a signal had been 

presented. EEG recordings were made from monopolar elec

trodes located at the occiput, with the reference electrode 

located at the left ear. These recordings were used to form 

computer-produced averaged evoked potential for each re

sponse condition. 

Two long latency, low frequency components, with 

peak latencies at about 225 and 450 msec., appear to be 

strongly related to detection and confidence level. This is 

viii 
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in spite of the fact that stimulus intensities were identical 

across all five response categories. 

These results are in agreement with those reported by 

other authors using a two choice ("Yes" or "No") auditory 

task. The present method, however, allows an examination of 

the relationship between confidence of detection and the 

evoked response. 



INTRODUCTION 

This study was an examination of the parameters of 

the visual evoked response to threshold intensity stimuli 

using a theory of signal detection (TSD) paradigm. Use of 

the signal detection approach allowed exploration of pos

sible relationships between confidence of stimulus detec

tion, accuracy of detection, and the averaged cortical 

evoked response. 

In studying the response of the visual system to low 

intensity light stimulation, it becomes apparent that the 

absolute lower limit of sensitivity can not be defined in 

terms of a single value of intensity. The threshold or 

limen proves to be variable. By definition, a threshold 

stimulus may result in detection on certain trials, while 

remaining undetected on other trials; threshold intensity 

is, after all, defined as that value which is detected half 

the time. Finally, if the subject is instructed to rate his 

responses along a scale of confidence of stimulus occurrence, 

the same stimulus will result in responses ranging to both 

extremes of the scale. No matter what steps are taken to 

insure constant stimulus intensity, such response variability 

is observed when the stimulus is of threshold intensity. 

1 
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The purpose of this study was to examine the relationships 

between scalp recorded electrical activity and signal detec

tion when stimulus intensity is held constant. Specifically, 

the goal of the research described here was to attempt to 

determine which components of the scalp recorded activity, 

if any, vary with accuracy and confidence of detection. 

A major difficulty encountered in examining scalp 

recorded electrical activity of the brain arises from the 

fact that stimulus-evoked potentials may range in amplitude 

from 1 to 10 J1 v, while ongoing background activity ranges 

from 10 to 100pv. In terms of the present study, the 

evoked activity is the signal being examined, while the on

going electroencephalogram (EEG) activity may be considered 

background noise. Because of the extremely low signal-to

noise ratios involved, it is rarely possible to observe 

evoked activity in the "raw" or unprocessed EEG record; 

This problem is overcome by the use of signal averaging 

techniques, as discussed below. 

The averaged evoked potential (AEP) is obtained by 

averaging brief portions of the EEG following each of several 

repetitions of a given stimulus. This procedure is based on 

the assumption that components of the EEG which are directly 

related to a given stimulus are relatively constant in time, 

phase, and amplitude, while "noise" or background EEG 

activity is assumed to be completely random. This noise 
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tends to average in a "random walk" fashion; as the number 

of repetitions is increased the average tends toward an ap

proximation of a straight line. The imbedded signal, on the 

other hand, is enhanced as the number of repetitions in

creases. The method selected for the present study involves 

the use of such AEPs in examining scalp recorded electrical 

activity. 

Review of Relevant Research 

Several investigators have examined the relationship 

between stimulus intensity and the AEP. The report of 

Vaughan (1966) is a representative example. His study in

volved the foveal presentation of a k degree visual angle 

stimulus at intervals of 750 msec, until 200 flashes had 

been completed for each average. Flash intensity for each 
n 

average was varied over a range of from 2.5 X 10' mL. down 

to absolute threshold, in 0.5 log mL. steps, by means of 

neutral density filters. The most prominent result of in

tensity reduction was the reduction of AEP component ampli

tudes, However certain of the components at first increased 

in amplitude as intensity was reduced, reaching their maxi

mum at moderate intensities; as intensity was further re

duced these components also displayed reduced amplitude. 

The other feature of this experiment was the pronounced 

increase in latency as intensity was reduced. At the peak 

intensity, latency of the first observable component was 



50 msec.; at the lowest intensity ( a reduction of 9.0 log 

units) the earliest observable component occured at about 

250 msec. This latency change was a result of two factors: 

the amplitude of certain early components was attenuated by 

stimulus intensity reduction until they were no longer ob

servable in the AEP; and the components which remained, 

shifted to progressively greater latencies as intensity was 

reduced. An interesting point is that the relative time 

between components remained constant as intensity was 

reduced. 

For our present purposes, certain aspects of the 

Vaughan experiment are significant. The subjects were al

lowed to remain completely passive during stimulus presenta

tion. They were not required to perform any task, such as 

counting the stimuli or verbally reporting stimulus presenta

tion. Psychophysical determination of absolute threshold was 

accomplished in a series of trials separate from those during 

which the AEPs were formed. Finally, averages were formed 

during a continuous sequence of trials? separate averages 

were not formed as a function of variations in the percep~ 

tual affect of stimulus presentation. 

The results of this experiment and several others 

(Domino, Matsuaka, Waltz, and Cooper, 196^; Shipley, Jones, 

and Frey, 1966; Vaughan, Costa, and Gilden, 1966; and DeVoe, 

Ripps, and Vaughan, 1968) support the conclusion that AEP 



amplitude and latency are directly related to stimulus in

tensity, and further that the initial appearance of observ

able components in the AEP, as intensity is increased from 

subthreshold levels, coincides with the psychophysically 

determined absolute threshold. 

5 

In reviewing the data concerning the effect of in

tensity on the visual AEP, Perry and Childers (1969) conclude 

that as stimulus intensity is decreased, the complexity of 

the AEP decreases, the amplitude of the AEP decreases, and 

the latency of the observable components increases. These 

effects obtain over a moderately large range of intensities. 

However, the findings of other workers have not 

supported the conclusion that the appearance of the AEP 

coincides with absolute threshold. Libet, Alberts, Wright, 

and Feinstein (1967) obtained AEPs to subthreshold electrical 

stimulation of the skin. In order to avoid the spatially 

diffuse characteristics of scalp recordings, and to maxi

mize sensitivity, the electrodes were located subdurally 

on the somatosensory cortex. In this experiment, both 

psychophysical data and EEG recordings were made during the 

same session. Three response alternatives were available to 

the subject; (1) that he "felt" a sensation, (2) that he did 

not, or (3) he was unsure. With stimulus intensities at 

which a "felt" sensation was not reported on a single trial, 

distinct AEPs were obtained; ''uncertain" responses during 
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these same sessions accounted for less than 5 percent of 

the total trials. 

However, the authors report that there were clearly 

observable differences between subthreshold AEPs and thres

hold and suprathreshold AEPs. Subthreshold AEPs were mark

edly attenuated in amplitude v/hen compared v/ith threshold 

AEPs. In addition, late components (in this case those 

v/ith latencies greater than 150 msec.) which were present in 

threshold AEPs were not observable in subthreshold averages. 

The authors suggest that while early components may be 

obtained at subthreshold intensities, later components appear 

to be more closely correlated with "conscious awareness" of 

stimulus occurence. They further state that the results 

obtained may provide evidence of a physiological basis of 

"subliminal perception". The authors conclude that, "In 

contrast to earlier indications our results demonstrate that, 

when suitably recorded, cortical evoked potentials are 

detectable with sensory inputs below the adequate level for 

conscious sensation, even when the attention is directed 

to the stimulus". 

In reporting this study, the authors do not provide 

information concerning the specific instructions given to 

the subjects. There is considerable evidence (Swets, 1964) 

that such instructions have a direct bearing on subjective 

criteria used in determining signal occurrence. Furthermore, 
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as mentioned above, "unsure" responses were obtained on 

some of the trials which made up the subthreshold AEPs; the 

considerably attenuated components under this condition may 

well be the result of only the "unsure" portion of the 

trials involved in a given average. 

In a related study, Shevrin and Fritzler (1968) also 

attempted to examine the evoked potential correlates of 

"subliminal stimulation". In addition to AEPs, free asso

ciation data were collected. Analysis of variance of both 

the free association results and certain peak-to-peak AEP 

amplitudes supported the conclusion that both of these 

measures are capable of reflecting the effects of subthres

hold stimulation. This experiment is subject to the same 

questions raised above concerning the definition of thres

hold and the determination of criterion. 

In a third study which appears to provide evidence 

of a dissociation between psychophysical threshold and the 

AEP, the findings are opposed to those of the two studies 

just examined; that is, psychophysical thresholds were 

found at intensities well below the occurence of an AEP. 

In this effort, Clark, Butler, and Rosner (1969) examined 

the effects of varying amounts of cyclopropane on both the 

psychophysical and electrophysiological thresholds., Several 

AEPs v/ere obtained from each of seven subjects; for each 

subject, several concentrations of cyclopropane were tested,, 
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With the higher concentrations of cyclopropane, it was 

found that AEPs to electrical stimulation of the ulnar nerve 

were either eliminated or markedly suppressed in amplitude. 

After electrical data were obtained at a given cyclopropane 

concentration, psychophysical methods were used to determine 

the subject's absolute threshold. The authors report that, 

"Perceptual response was obtained at levels of stimulation 

at which no AEP could be recorded". They are of the opinion 

that this evidence supports the conclusion that evoked 

cortical activity "...may play no essential or important 

role in determing perceptual reactions...." and further 

suggest that such activity is "...full of sound and fury 

signifying nothing" (p. 319). 

In evaluating the results of the Clark et al. study 

it is necessary to return once more to the problems of thresh 

old and criteria. Electrophysiological and psychophysical 

data were collected separately and the subject's task was 

quite different for the two sessions. While AEP data were 

being collected, the subjects were passive; during the psy

chophysical portion of data collection, the descending 

method of limits was used and, quite naturally, the subject's 

attention was directed to the stimulus. There is ample 

evidence to indicate that task and attentional factors have 

a marked effect on the characteristics of the AEP (see 

discussion below). 
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A final problem with the Clark et al. study involves 

the interpretation of data obtained from subjects who were 

under the influence of drugs. The authors imply that AEP 

data are of questionable significance. The question must 

arise as to whether the drug-influnced data may not be a 

special case and of questionable significance. If it can be 

demonstrated that AEPs are related to perception except 

while the subject is under the influence of certain general 

anaesthetics, then their value as a research tool remains 

great} the only problem is that of determining why the drugs 

result in an apparent dissociation of psychophysical and 

electrophysiological thresholds if, indeed, they do. 

The data from these three studies, Libet et al, 

(1967)* Shevrin and Fritzler (1968), and Clark et al. (1969), 

while not in complete agreement with each other as to spe

cific results, tend to cast doubt on the concept that percep

tual thresholds and occurrence of the AEP coincide. This is 

in conflict with a somewhat larger body of evidence to the 

contrary (presented earlier). 

In several of the studies reported on thus far, the 

subjects were not required to perform a task during the col

lection of AEP data. In these studies, where psychophysical 

and AEP data were collected in separate sessions, attention 

and decision were required in the former but not in the 

latter. The act of decision making itself has been shown to 
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have an effect on the AEPs obtained. Davis (196*0 required 

subjects to make "a rather difficult auditory discrimina

tion"} this task required the subject to determine whether 

a test tone was louder than a standard tone previously pre

sented. AEPs obtained when such a decision was required were 

compared with conditions requiring no decision or a simple 

button press. AEPs to the decision task were of consistently 

increased amplitude. For several subjects the standard, or 

comparison tone, which preceeded the test tone by 2.5 sec

onds, also resulted in AEPs of enhanced amplitude during 

decision trials. 

Unfortunately, separate AEPs for correct and incor

rect responses were not obtained, nor were separate averages 

formed for "signal" (more intense test tone) and "nonsignal" 

trials. However, the results provide a clear demonstration 

of the effect of task on the AEP. It should be pointed out 

that it is quite possible that the results obtained were due 

to increased attention required to successfully perform the 

discrimination task. This possibility does not affect the 

significance of the results for our present interests. 

Attention itself has been the subject of several 

studies involving the AEP. Two in particular are of interest 

here because the methodologies involved signal detection. 

Separate averages for correct detections and for misses were 

obtained by Haider, Spong, and Lindsley (196^). In an 
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examination of the effects on the AEP of reduced attention 

and vigilance due to habituation and fatigue, subjects were 

required to observe a steadily flashing light. At random 

intervals the flash was of slightly reduced intensity; this 

dimmed flash constituted the signal. Again, both signal 

and nonsignal stimuli were of suprathreshold intensity; the 

task involved difference thresholds rather than absolute 

thresholds. The subject pressed a button whenever the signal 

was detected. AEPs were obtained for both detected and un

detected signals. While wave components were the same for 

both detections and misses, the amplitude of AEPs to detec

tions was considerably enhanced over those to misses. 

Ritter and Vaughan (1969), noting that Haider et al. 

(1964) had used biopolar electrode placements (occipital; 

vertex), report on the results of a similar effort using 

monopolar electrode placements (occipital; ear). Ritter and 

Vaughan found that, using monopolar electrodes, correct sig

nal detection was accompanied by a late positive component 

occurring at 300 msec, or more after stimulus presentation. 

(This component is frequently labled P300.) The component 

was observed in both visual and auditory tasks. The follow

ing statement by the authors is of interest for the present 

discussion in that it reflects upon the effects of both task 

and attention: 
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The data reviewed so far suggests that the LPC 
[^P300^| is a correlate of detection of a change 
m stimulation. But we have found that when the 
difference between the signal and nonsignal is 
made very difficult, the LPC is found for all 
stimuli whether detected signals or undetected 
signals or nonsignals. Although the subject's 
detection rates remain quite good, they reported 
far greater concentration on and evaluation of 
each stimulus compared to an easy discrimination 
(p. 328). 

The evidence presented thus far indicates that there 

are components of the AEP which are correlated with various 

aspects of signal detection. However, these results (Davis, 

1964; Haider et al., 1964; Ritter and Vaughan, 1969) were 

obtained using stimuli which were well above threshold. The 

"signal" was not the occurrence of a light or tone, but 

rather a difference between a test stimulus and a previously 

presented standard stimulus, both of which were easily de

tected on all trials. Since even undetected signals resulted 

in clearly observable AEPs the results provide only differ

ences in AEPs obtained at suprathreshold intensities. 

The AEP has also been examined when the task was the 

detection of a threshold intensity stimulus. In a study 

aimed at resolving such conflicting findings as those of 

Libet et al. (1967) and Clark et al. (1969)* Hillyard, 

Squires, Bauer, and Lindsay (1971) used a TED approach to 

a task involving the detection of auditory signals imbedded 

in a continuous background noise. After each trial, the 

subjects responded as to whether a signal had been detected. 
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Stimulus intensity (i.e., signal-to-noise ratio) was varied 

in order to examine the effects of signal detectability 

(percent correct responses; or, in TSD methodology, d'); 

detectability v/as varied over a range of from 0 to 100 per

cent. The results indicated that signal detections were 

correlated with the occurrence of P300, while misses, false 

alarms, and correct rejections were not. Also, as detect

ability increased from 0 (chance responding) to about 90 

percent correct responses (d,=2.5)» P300 amplitude increased. 

As correct responses increased beyond 90 percent, amplitude 

fell off sharply. This finding is in agreement with Davis 

(196^) and others who report that less difficult tasks result 

in attenuated amplitudes. The findings of Hillyard et al. 

support the conclusion that P300 is related to accuracy of 

detection. Unfortunately, the subject was allowed to respond 

only with either "yes" or "no". This limitation in response 

categories in turn limits the possibilities for examining the 

relationship between confidence or criteria and the components 

of the AEP. 

Considerations Pertinent to the Present Study 

In work which has already been discussed (Vaughan, 

I9665 Domino et al., 196^? Shipley et al., I9665 Vaughan 

et al., 1966? DeVoe et al., 1968? and Perry and Childers, 

1969) it was seen that a stimulus which is just slightly 

suprathreshold results in an evoked potential which is 



observable but of somewhat reduced amplitude, reduced com

plexity, and increased latency. On the other hand, most 

evidence indicates that once the stimulus intensity is below 

threshold, the evoked potential can no longer be obtained 

(the major exceptions being Libet et al., 196?, and Shevrin 

et al., 1968). However, this "threshold" can hardly be con

sidered a clearly defined point; signal detection theory 

recognizes no such concept and in psychophysics it is a sta

tistically defined point in a band of stimulus intensities. 

From a signal detection point of view, several dif

ferent subjective levels of confidence of detection (or 

criterion points) may be expressed for a given stimulus 

whose physical parameters have in no way varied. What 

changes can be observed in the AEP at different levels of 

confidence of detection for a given signal? 

Few investigators have addressed themselves to this 

problem, especially as it relates to visual stimulation. 

Hillyard et al. (1971) used a signal detection spproach to 

the threshold evoked potential; however the stimulus was 

auditory and the response was limited to "yes" and "no", 

thereby somewhat limiting their ability to explore a sequen

tial series of points within the threshold range. Their 

main objective was to vary a particular stimulus parameter, 

intensity, and observe the corresponding changes in two 



responses: the behavioral response of signal detection; and 

the electrophysiological response as measured by the AEP. 

The present experiment was designed to reexamine the 

relationship between threshold and the AEP by holding stimu

lus intensity constant and recording subjective responses 

simultaneously with the EEG. This allows an examination of 

AEP characteristics as correlates of the subjective percep

tual responses. 

It was decided that a TSD paradigm would be appro

priate. By using a rating scale method, as developed by 

Pollack and Decker (1958), the subject responds on a scale 

of confidence as to whether or not a signal has occurred. 

When confidence of detection intervals are used in a signal 

detection theory paradigm, the result is a situation in 

which stimuli at identical physically specified energy 

levels (identical stimulus intensity) result in responses 

across the entire range of confidence levels or criterion 

pointso This study will examine the components of the 

cortical evoked potential across such a range of confidence 

intervals in a visual detection task. 



METHOD 

Subjects 

The subjects were four female undergraduate students 

at The University of Arizona. Three subjects had normal 

uncorrected vision, while the fourth had normal vision with 

the use of corrective contact lenses which were worn during 

all experimental sessions. Each was trained for three ses

sions before actual testing was begun. All subjects were 

paid by the hour for all time involved in the project. 

Apparatus 

A schematic diagram of equipment used for experimen

tal control and data recording is presented in Figure 1. 

The stimulus was transilluminated through ground glass, with 

the target subtending one degree of visual angle at the 

retina. Target illumination was by neon gas discharge lampsf 

whose output tends to be concentrated in the long wavelength 

portion of the visual spectrum. This allows maximum stim

ulation of the cone population of the foveal retina8 Other 

research (Vaughan, 1966; ShipleyP Jones, and Frey, 1966) has 

indicated that a major portion of the visual cortical evoked 

response is due to foveal activity. 

16 
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The neon lamps were arranged in two arrays of nine 

bulbs each. The light output from each array was individu

ally adjustable by means of neutral density filters. Each 

array was powered by its own Heathkit Model PS 4 regulated 

direct current power supply. 

During the test period of each trial, one array 

(array A) was always on and therefore the target was always 

visible. On one half of the trials, the second array 

(array B) was turned on at a preset point in time. These 

trials were called "increment" or "signal" trials; during 

the remaining trials, the second array was not turned on, and 

these were called "no change" or "noise" trials. During the 

entire experiment target intensity, while only array A was 

powered, was set at an apparent brightness of 81-3 foot

candles. This intensity was several log units above absolute 

threshold. These calibrations were accomplished by means of 

a Macbeth Illuminometer. Switching of power for array B was 

controlled by relays; timing of the relays was controlled by 

a Hunter Timer. Stimulus selection was automatically deter

mined by a preprogrammed paper tape reader (California 

Technical Industries, Model 220). 

The subject was seated in a dental chair with a 

headrest, located so that target-to-cornea distance was 

maintained at eight feet. The Subject's response on each 

trial was on a five key response board mounted comfortably 
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under the right hand, one key under each finger. Pre-trial 

and post-trial warning signals were provided by a Mallory 

Audible Signal Generator, Model SC 628. All equipment 

and controls were located in a separate room, isolated from 

the subject, and soundproofed in order to avoid providing 

cues • 

Cortical electrical activity was recorded by means of 

silver chloride coated, Grass silver disk electrodes. Re

cording was monopolar with the active electrode located at 

Og (10-20 system) and the reference electrode located at the 

left ear. Also, on certain control runs, electrodes were 

located at C , F , and P (also 10-20 system), as well as 
Z Z Z 

above and below the right eye. The subject was grounded at 

the right ear. Grass Type EC 2 Electrode Cream was used for 

electrode-scalp contacts, and resistance readings were ob

tained before and after each session. For cases in which 

resistance exceeded 5*000 ohms, electrodes were removed and 

reattached. In most instances, resistances were less than 

3,000 ohms. 

EEG amplification was accomplished by means of a 

Grass Model ?P3 AC preamplifier and a Model 7DA driver ampli

fier. The high frequency i amplitude setting was 75 and the 

low frequency t amplitude setting was 0.3. During experi

mental sessions, EEG activity was monitored with associated 

Grass polygraph equipment. Data were recorded with a 
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Hewlett-Packard Model 3900 7 channel tape recorder. A 

custom built circuit allowed binary encoding of stimulus 

and response information; this code was also placed on the 

magnetic tape. 

A Fabritek Model 1052 signal averager was used to 

obtain the AEPs; correct trigger timing was provided by 

a General Radio Unit Pulse Generator. Signal averager out

put was recorded with a Mosley ?035 AM x-y recorder. 

Procedure 11 1 • ) 

Using TSD Methodologies, the number of actual 

stimuli (increments, or "signals") constituted only 50% of 

the total trials during a single experimental session. The 

other 50% of the trials were randomly interspersed blanks or 

"noise" trials. Therefore, on any given trial, the a priori 

probability of stimulus occurrence was 0.5. 

Each experimental session, or run, consisted of 80 

trials, *J-0 of which were "signal" trials and 40 of which 

were "noise". Midway through each run the subject was given 

a five minute rest. Each group of ̂ 0 trials required 8 

minutes to complete; therefore, total running time per ses

sion was 21 minutes. 

Stimulus presentation was binocular. The subject was 

seated comfortably in a room of low background light inten

sity. The back and headrest of the chair were adjusted to 

maximize comfort and minimize muscular activity of the back 



21 

and neck; such muscular activity acts as background noise 

and severly reduces the signal-to-noise ratio of electrical 

activity recorded from the scalp. 

The procedure for a single trial was as follows. An 

audible warning signal (a short "beep") informed the subject 

that a stimulus (increment or no change) would be presented 

in two seconds. There was therefore no time uncertainty 

except for inaccuracies in the subject's own timekeeping 

ability. Two seconds after stimulus presentation, a second 

warning signal (a double "beep") instructed the subject to 

make his response. Subjects were instructed to make no ef

fort to rush their responses after the second warning signal; 

they were allowed four seconds in which to respond and were 

instructed to respond leisurely within that time period. 

These precautions were taken to avoid contamination of the 

EEG record, immediately following stimulus presentation, 

with early muscular activity preparatory to the key-pressing 

response. Examination of the raw polygraph record did not 

reveal any instances in which muscle activity could be de

tected prior to the second audible signal. 

Stimulus presentation on subsequent trials was sep

arated by a total of twelve seconds, resulting in a presen

tation rate of five per minute. Midway between trials, the 

stimulus was turned off completely (including array A) for 



22 

about 0.1 second? during this time the intensity level 

was automatically reset at the starting intensity. 

Subjects responded after each trial by selecting one 

of five response keys. To the hypothetical question, "Y/as 

a stimulus presented on this trial?" the subjects answered 

with one of the following: 

1. Yes, with a high degree of confidence, a 

stimulus was present. 

2. Yes, I believe a stimulus was present. 

3. I am unsure if a stimulus was present or not. 

No, I do not believe a stimulus was present. 

5. No, with a high degree of confidence, a 

stimulus was not present. 

In brief then, the subject viewed a light source 

(which was always visible during the trial) and responded at 

the end of the trial, concerning her level of confidence as 

to whether or not any intensity change had taken place. The 

subject did not estimate the magnitude of a change if one 

was detected. In each case "signal" magnitude on change 

trials was constant for any given subject. 

The design, thus, involved two stimulus conditions, 

intensity increment and no change, and five response cate

gories. This resulted in the ten-cell matrix presented in 

Table 1. The designations entered in each cell, 1-1, 1-2, 



Table 1. Stimulus-response matrix with appropriate cell labels. 

Stimulus Category Response Category 

Intensity Increment 
("Signal") 1-1 1-2 1-3 I-2* 1-5 

No Intensity Change 
("Noise") N-l N-2 N-3 N-4 N-5 

to 
w 
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etc., will be used as lables in further references to the 

categories involved. 

Each subject was first tested, using the method of 

limits, to determine her approximate difference threshold at 

the intensities involved. She was then trained for three 

days (three complete experimental sessions) with the standard 

procedures described above. If, during the second and third 

training runs, the subject's performance approached perfect 

detection, or chance responding at any level of confidence, 

the size of the intensity change was adjusted accordingly 

and she v/as run for an additional two days. These adjust

ments were made by changing the neutral density filters in 

array B. 

As mentioned previously, the 7 channel magnetic tape 

was used for recording EEG activity, as well as binary code 

information which labeled each trial as to what stimulus 

condition had been presented and what response was obtained. 

A trigger signal, necessary for initiation of averaging 

activity at the correct moment on each trial, v/as placed on 

a separate channel of the magnetic tape. 

As stated earlier, the goal of this study was to 

obtain separate AEPs for each stimulus-response condition, or 

ten AEPs for each subject. Because of the recording proce

dures, response information was not recorded on the magnetic 

tape until at least two seconds after stimulus presentation. 
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This was well after all evoked activity has subsided. For 

this reason, the recorded cortical electrical activity was 

examined by playing the magnetic tapes in reverse. 

Figure 2 is a schematic presentation of the method 

used for categorizing trials and forming AEPs for each 

category. The same equipment used for coding stimulus and 

response information was also used for analyzing the recorded 

information. The device was preset to search for a specific 

category (or code) and as each trial in that category was 

located, the trigger circuit was completed, allowing the 

recorded cortical activity for that trial to enter the aver

ager. Due to the procedures involved, it was necessary that 

all recorded activity for all sessions be analyzed separately 

for each AEP. This resulted in ten complete tape analyses 

for each subject. 

During recording sessions, subjects responded in cer

tain categories more frequently than in others. This re

sulted in unequal trials across categories; the numbers 

ranged from 100 to 350 trials per category (with one excep

tion to be discussed below). In order to allow comparison, 

AEPs should be made up of an equal number of trials. To ac

complish this, the trigger control automatically omitted a 

prespecified number of trials selected in random order. The 

number of trials omitted is simply the total number obtained 

in a given experimental category, minus 100. 
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Figure 2. Schematic diagram of equipment used in preparation 
of averaged evoked potentials. ro 
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All AEPs presented and discussed below are the re

sult of averaging 100 trials, with the exception of "noise" 

trials to which the response was Is i.e., Yes, with high 

degree of confidence. Trials falling in this category were 

so rare that no attempt was made to continue recording ses

sions until the number reached 100, The AEP of this type 

is identified in the appropriate legend, and the number of 

trials involved is noted. 



RESULTS 

Averaged evoked potentials for each response category 

for each subject are presented in Figures 3 through 12. The 

AEPs are presented as families of curves, rather than indi

vidually, in order to allow more accurate comparison of 

results obtained for various categories. In all of these 

figures, an upward deflection indicates that the active elec

trode is positive with regard to the reference electrode. 

Time and amplitude calibration bars are included in the 

upper-left corner of each figure. While the figures were 

formed by replaying the magnetic tape in reverse direction, 

the figures have been re-reversed and are portrayed in the 

normal manner; that is, stimulus occurrence is at the ex

treme left and each curve represents an average of subsequent 

cortical activity. Each average is the result of 100 trials 

except as otherwise noted. 

Figures 3 through 7 are composites of the AEPs ob

tained from each of the four subjects for stimulus-response 

categories, I-l, 1-2, 1-3, 1-4, and I-5» respectively. 

Figure 3 depicts the averages obtained for category I-l for 

the four subjects. Two components are consistently present. 

The first is a negative component with a peak latency at 

28 
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Figure 3. Averaged evoked potentials for category I-l for the 
four subjects. ro 
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Figure 4. Averaged evoked potentials for category 1-2 for the 
four subjects. 
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Figure 5» Averaged evoked potentials for category 1-3 for the 
four subjects. 
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Figure 6. Averaged evoked potentials for category 1-4 for the 
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Figure 7. Averaged potentials for category 1-5 for the 
four subjects. VJO 
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about 200 to 225 msec. While there was a great deal of 

subject-to-subject variation in amplitude, the four plots 

taken together leave little doubt that this component is 

present in each of them. Of considerably greater prominence 

is a positive wave peaking at about 450 msec. Again, there 

was some subject-to-subject variability; for example, with 

subjects DM and ML there is a suggestion of a second posi

tive peak, of reduced amplitude, occurring at about 150 

msec, after the first. In spite of such individual varia

tions, although the peak-to-peak amplitude of the negative 

(225 msec.) and positive (4-50 msec.) components ranges from 

8 to 20 xuv their presence is readily apparent in the re

cords of all four subjects. 

Figure 4 contains the averaged activity for each of 

the four subjects for category 1-2. While amplitudes are 

considerably reduced, the two components are present in this 

category also. However the presence of the negative 

(225 msec.) component is questionable in the case of JO. In 

examining the AEPs of the four subjects for categories 1-3, 

1-4, and 1-5# (Figures 5» 6, and 7, respectively) it is ap

parent that there are no components that are consistently 

observable across subjects. 

The primary purpose of this study was to examine 

evoked potential characteristics as they relate to various 

response categories in a detection situation. This is more 



easily accomplished by examining together the family of 

AEPs which represent the various response categories for 

a constant stimulus, for each subject; therefore the 20 AEPs 

examined above are presented again in Figures 8 through 11. 

Figure 8 includes the evoked potentials obtained 

from a single subject ML for each of the five response 

categories for the "signal" condition. This subject was 

fairly typical. It can be seen that the two components ex

amined for response condition 1 are present in condition 2} 

however, their amplitude is somewhat attenuated. In both of 

these response categories, the subject indicated that she 

had detected an intensity changes the categories differ only 

in the subjective confidence that an intensity change had 

been detected. For response categories 3, 4, and 5» made up 

of trials during which the subject failed to detect a stim

ulus, there is little evidence that the two components are 

present. It should be emphasized at this point that stimulus 

conditions were identical for all five AEPs shown. The 

averages differ only as to the response obtained some sec

onds after stimulus presentation. 

Figure 9 includes the AEPs for categories 1-1 through 

1-5 for subject JO. This particular subject produced the 

lowest amplitude evoked potentials of any subject tested. 

Nevertheless, the form, phase, latency, and change across 

conditions of the two components is quite similar to those 
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Figure 9, Averaged evoked potentials for response categories 
I-l through 1-5 for subject JO. 
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Figure 10, Averaged evoked potentials for response categories 
I-l through 1-5 for subject DM. 
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Figure 11. Averaged evoked potentials for response categories 

I-l through 1-5 for subject SH. 
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of the previous subject. Figures 10 and 11 contain the 

same families of curves for subjects DM and SH respectively. 

Once again, the pattern of curves is similar to that of 

subject ML. 

Figure 12 contains the AEPs for categories N-l 

through N-5 for subject JO. The stimulus condition for all 

of these curves was that of no change, or "noise". For this 

entire group of averages, there are no consistent components 

observable either across categories or across subjects. 

The "noise" AEPs for this subject are typical. 

In addition to the results presented thus far, 

several control studies were conducted. By locating a pair 

of electrodes above and below the eye, it was found that 

none of the AEPs obtained was a result of contamination 

through eye-movement artifact. No components from the eye 

electrode were observed that bore any relationship in phase, 

amplitude, or latency to those components observed in the 

AEPs presented above. 

Pilot averages were also obtained from electrodes 

located at C , F , and P . The data indicate that as the z* z z 

electrodes were located at increasing distances from the 

occipital area, the amplitude of the negative (225 msec.) 

component was somewhat reduced. On the other hand, amplitude 

of the positive component appears to be at its maximum at C_. z 
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Figure 12. Averaged evoked potentials for response categories 
N-1 through N-5 for subject JO. 



DISCUSSION 

For the conditions of the present experiment at 

least two components are related to confidence of stimulus 

detection. The first component is a negative wave with a 

peak latency of approximately 225 msec. The suggestion of 

localization in the area of the visual cortex supports the 

conclusion that it is somehow related to cortical processing 

of visual stimuli. From the evoked potentials obtained, the 

presence of earlier components is not readily apparent. In 

view of the findings of Vaughan (1966) and others, discussed 

earlier, concerning the latencies of AEPs to low stimulus 

intensities used in this study, these results are not 

surprising. 

The second component apparently related to confidence 

of signal detection is a large positive wave with a latency 

of about ̂ 50 msec. This component bears a striking resem-

blance to the so-called P3OO wave noted by Hillyard et al. 

(19?1), Ritter and Vaughan (1969) and others in relation to 

stimulus detection tasks. Donchin and Cohen (196?) have in

dicated that P300 is of vertex origin and is not specific to 

a particular sense modality. Ritter and Vaughan (1969) were 

able to obtain similar P300 waves using either auditory or 

visual stimuli. 

Ur2 
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In the present study there is no consistent indica

tion of a late positive component on trials in which the 

subject reported high confidence of detection when in fact 

no signal had been presented (category N-l). Nor is this 

component present when the subject reported high confidence 

that a signal had not been presented (categories 1-5 and N-5)» 

Thus, in the present study, the large positive wave is ob

served only when a signal is presented and is detected. This 

is in contrast to the findings of Sutton, Tueting, Zubin, 

and John (1967) who report obtaining a large positive com

ponent in the absence of any stimulus. 

However, in the latter study, the stimuli were well 

above threshold, and their absence was immediately apparent; 

the task did not involve detection. Furthermore, the longest 

interval between Yearning signal and stimulus which resulted 

in this component was 580 msec. In those instances in which 

the non-occurrence of a stimulus resulted in an observable 

evoked potential, the resulting amplitudes were severely 

attenuated. In the present experiment, the low intensity 

stimulus follows the warning signal by fully two seconds; 

this signal is detected with high confidence on only ap

proximately 15 percent of the total number of trials. 

Further, the subject is not reinforced in any way for making 

an accurate judgement concerning the time of stimulus pre

sentation. It is proposed that under these circumstances 
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the subject would be conservative and somewhat variable in 

determining when the moment of stimulus presentation had 

passed. These factors may explain the lack of an evoked re

sponse for categories I-5» N-l, and N-5* 

The most significant aspect of the results reported 

here is that the AEPs for categories 1-1 through 1-5 were all 

obtained under identical stimulus conditions® The trials 

from which the averages were computed were differentiated 

only on the basis of the response obtained several seconds 

after stimulus presentation. There are several alternative 

explanations for these results. An immediate possibility is 

that of eye movement artifact; this has been ruled out on 

the basis of control studies reported above. 

Unfortunately, the remaining explanations are specu

lative at the present time. One is that stimulus information 

is lost at some peripheral,, sensory level? this could be 

the result of such factors as variation in eye position or 

fixation, or the result of eye movements which failed to 

produce direct artifacts but nevertheless caused a loss of 

incoming information. In either case, both signal detection 

and the obtained AEPs for categories 1-2 through 1-5 are the 

result of sub-optimal input to the central nervous system. 

Similarly, stimulus information may be lost at some point 

within the central nervous system itself} in such a case, 

both the behavioral response and the AEP reflect accuracy of 

information processing at the central level. 
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There are two alternative explanations for the pre

cipitous drop in AEP amplitude between category 1-1 and 

category 1-2. On one hand, trials which result in reduced 

confidence of detection may also result in evoked activity 

of reduced amplitude. This would, of course, result in the 

observed AEPs. On the other hand, because of the statistical 

procedures used in arriving at evoked potential averages, it 

is possible that a large number of category 1-2 responses 

resulted in essentially "flat" electrical activity while a 

small portion of the trials resulted in evoked potentials 

similar to those of category 1-1, In averaging these two 

different types of activity the result would again be that 

observed for category 1-2. V/ith present equipment and pro

cedures, it is not possible to determine whether the former 

or the latter possibility is, in fact, the case. However, 

several 1-2 averages formed from a small number of trials 

selected from different portions of the recorded activity 

bear a close resemblance to the 1-2 AEPs presented here. 

This evidence supports the conclusion that most trials in 

the 1-2 category contain components similar to the AEPs 

obtained. 

The results reported here are not in agreement with 

the reports of Libet et al. (196?) and Shevrin et al. 

(1968) that evoked cortical activity may be observed in re

sponse to stimuli that are not detected. The findings of 
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this study support the conclusions of Vaughan (1966), 

Hillyard etal. (1971), and others, that for low intensity 

signals, there is a correspondance between stimulus detection 

and the components of the AEP. Furthermore, by using TSD 

methodology, it has been possible to examine the relation

ship between confidence of detection and the evoked response. 
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