
CORTICAL EVOKED POTENTIALS AND REACTION TIME AS
A FUNCTION OF ONSET AND OFFSET OF VISUAL STIMULI

Item Type text; Dissertation-Reproduction (electronic)

Authors Wilson, Glenn Francis, 1942-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:50:24

Link to Item http://hdl.handle.net/10150/287400

http://hdl.handle.net/10150/287400


This dissertation has been 
microfilmed exactly as received 69-5699 

WILSON, Glenn Francis, 1942-
CORTICAL EVOKED POTENTIALS AND REACTION 
TIME AS A FUNCTION OF ONSET AND OFFSET 
OF VISUAL STIMULI. 

University of Arizona, Ph.D„ 1968 
Psychology, experimental 

University Microfilms, Inc., Ann Arbor, Michigan 



CORTICAL EVOKED POTENTIALS AND REACTION TIME AS A 

FUNCTION OF ONSET AND OFFSET OF VISUAL STIMULI 

by 

Glenn Francis Wilson 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF PSYCHOLOGY 

In Partial Fulfillment of the Requirements 
Foi- the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9-6-8 



THE UNIVERSITY OF ARIZONA 

GRADUATE COLLEGE 

I hereby recommend that this dissertation prepared under my 

direction by Glenn Francis Wilson __ 

entitled CORTICAL EVOKED POTENTIALS AND REACTION TIME AS 

A FUNCTION OF ONSET AND OFFSET OF VISUAL STIMULI 

be accepted as fulfilling the dissertation requirement of the 

degree of DOCTOR OF PHILOSOPHY 

Dissertation director Date 

After inspection of the final copy of the dissertation, the 

following members of the Final Examination Conunittee concur in 

its approval and recommend its acceptance:"" 

//// 

__ j 
/9 

AJL a*, Int 
This approval and acceptance is contingent on the candidate's 
adequate performance and defense of this dissertation at the 
final oral examination. The inclusion of this sheet bound into 
the library copy of the dissertation is evidence of satisfactory 
performance at the final examination. 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial 
fulfillment of requirements for an advanced degree at The 
University of Arizona and is deposited in the Univei~sity 
Library to be made available to borrowers under rules of 
the Library. 

Brief quotations from this dissertation are 
allowable without special permission, provided that 
accurate acknowledgment of source is made. Requests for 
permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the 
head of the major department or the Dean of the Graduate 
College when in his judgment the proposed use of the 
material is in the interests of scholarship. In all other 
instances, however, permission must be obtained from the 
author. 

SIGNED: 7^ (aJ  



ACKNOWLEDGMENTS 

Special aclcnowledgment is made to Dr. Robert W. 

Lansing, Dissertation Director, for directing this project 

and fox" his invaluable guidance and aid during the last two 

years of my graduate training. 

Appreciation is also expressed to Dr. Neil R. 

Bartlett and Dr. James E. King for their helpful sugges

tions during the research and writing phases of this 

dissertation. 

Many thanks are due to Dr. Clinton. L. Trafton, Dr. 

Raymond E. Reed, and Dr. Mac E. Hadley for their- aid in the 

preparation of the final manuscript. 

Special appreciation is expressed to my wife, 

Marietta, for her help with the typing and preparation of 

the drafts of this manuscript and for her encouragement and 

unselfish effort throughout our married life. 

Acknowledgment is also made to the United States 

Government for providing a National Defense Education Act 

predoctoral fellowship for the three years of my graduate 

training and funds from the National Science Foundation 

Grant GB-3955 which in part supported this project. 



TABLE OF CONTENTS 

Page 

LIST OF TABLES v 

LIST OF ILLUSTRATIONS .' vi 

ABSTRACT . . vii 

INTRODUCTION . . 1 

METHOD 11 

Apparatus ........... 11 
Procedure 17 

RESULTS 21 

CEP Amplitudes 21 
CEP Peak-to-Pealc Amplitudes 28 
Correlation of CEP Waveforms 29 
CEP Latencies 31 
Reaction Times 
Reaction Time-CEP Correlations 39 
Eye Movement 

DISCUSSION kk 

REFERENCES 50 

iv 



LIST OF TABLES 

Table Page 

1. Order of Presentation of the Experimental 
Conditions 19 

2. CEP Total Amplitude Means for Four Subjects . 25 

3 .  CEP Amplitude Correlations and Correlation 
Means of Onset, Offset, and Onset Plus 
Offset with Flash 30 

'l. CEP Amplitude Correlations and Correlation 
Means for Adjusted Foveal 1.00 mL. Values • 32 

5. F-Ratio Significance Suuimary for CEP 
Latency Components (p «= .05) 33 

6. Mean Reaction Times for Four Subjects .... 36 

7. F-Ratio Significance Summary for Reaction 
Times 37 

8. Rank Order Correlation Coefficients for 
Reaction Times and CEP Amplitudes ..... 40 

9. Rank Order Correlation Coefficients for 
Reaction Times and CEP Latencies 4l 

v 



LIST OF ILLUSTRATIONS 

Figure Page 

1. Diagrammatic representation of stimulus 
temporal and spatial configurations .... 12 

2. Oscilloscope photograph of photocell 
responses . l4 

3« Block diagram of stimulus generating and 
recording equipment 15 

'l. Foveal CEPs for subject J.D 22 

5. Periphei-al CEPs for subject J.D 23 

6. CEPs showing (A) the six peaks and method 
of measuring the total amplitude, (B) 
method of measuring peak-to-peak 
amplitude, and (C) method of measuring 
peak latency 2'l 

7 .  Mean CEP total amplitude measures averaged 
across the four subjects . 27 

8. Mean RT means averaged across the four 
subjects ..... 38 

9- Avei-aged eye movement recoi-ds for subject 
J.B . 43 

vi 



ABSTRACT 

Cortical evoked potentials (CEP) to brief flashes 

of light reflect both the onset and offset of visual 

stimuli. The relative importance of the onset and offset 

responses to the composition of the CEP to brief flashes 

seems to be related to stimulus location in the eye and 

intensity as well as the state of dark adaptation of the 

eye. In oi~dei~ to investigate this problem, the temporal 

condition of the stimulus (onset, offset, and 1 msec, 

flash), the intensity (l.OO mL., 5*12 mL., and 120.86 mL.), 

and the location in the retina (0.75° foveal and 9«0° 

peripheral with the central 3*0° blacked out) were manip

ulated. The stimuli were presented binocularly. Reaction 

times (RT) were also collected by having the four subjects 

depress a microswitch in response to each stimulus. 

The CEP results showed that contrary to the 

existing literature (l) the amplitude measures were not 

sensitive to the stimulus manipulations, however, the onset 

CEPs were consistently larger than offset CEPs, and (2) the 

offset response makes a measurable contribution to the 1 

msec, flash CEP waveform. 

CEP latencies were differentially affected by the 

stimulus manipulations. It was suggested that certain CEP 

vii 
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components were directly related to specific stimulus 

parameters of temporal condition, intensity, and retinal 

location. 

RTs were also differentially affected by the 

stimulus changes. Brighter intensities were associated 

with faster RTs. In general, peripheral RTs were faster 

than foveal RTs. Offset RTs were generally slower than on

set and flash RTs except at the lowest foveal level where 

offset RTs were slightly faster. 

Correlations of RTs and CEP amplitude and latency 

measures showed few significant relationships and only 

suggestive trends. 

Slow electrical potentials from eye movement, were 

also monitored to control for the possibility that these 

potentials might contaminate the CEPs. It was found that 

the latencies of eye movements from the averaged records 

were of the nature of 300-'l00 msec, and therefore not a 

source of artifact for the early CEP measures. 



INTRODUCTION 

The vertebrate visual system responds not only to 

the onset of a flash of light but also to its continuation 

and to the offset of the stimulus. The nature of this 

response has been investigated physio.logica3.ly through 

recording electrical responses from peripheral and central 

structures of animals and with psychophysical and behavior 

measures in man. The research undertaken in this disserta

tion involves a relatively new approach to this question 

using the physiological recording of central evoked 

responses in man. General studies of underlying nervous 

responses and of behavior changes form a background for 

this research and will be summarized briefly. 

The work of Hartline and Kuffler represents the 

results obtained with retinal recordings. Hartline (.1938) 

demonstrated that there are three types of fibers in the 

optic nerve of the frog. One gx~oup of fibers responded to 

the onset of the stimulus with an initial high frequency 

response and then maintained a lower frequency constant 

level of activity until the light was removed. These were 

labeled "on" fibers. A second group, termed "off" fibers, 

responded only to the termination of the visual stimulus. 

A third group of fibers were found to respond to the onset 

1 
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of the stimulus and quickly return to the resting level of 

activity, and would then respond to the terniinextion of the 

stimulus with a burst of activity. These were termed "on-

off" fibers. 

Kuffler (1953) has found that the receptive fields 

of retinal ganglion cells of the cat eye consist of con

centric zones. The innermost zone responds to either the 

onset or offset of a light stimulus. The next zone responds 

to both the onset and termination of the stimulus and the 

most peripheral area responds to the onset or offset of the 

stimulus. The innermost and outermost zones responded 

oppositely; that is, if the innermost zone responds to the 

onset of the stimulus, the outermost region responds only 

to the offset. Kuffler also found that the on and off 

areas exhibit mutual inhibition. 

"On" and "off" type activity has also been found at 

the lateral geniculate level in monkeys (DeValois, Jacobs, 

and Jones, 1962). The electrical activity found at the 

geniculate level is of a tonic nature; that is, constant 

electrical activity is maintained and changes are signaled 

by increases or decreases in the carrier frequency. One 

type of cell exhibits an increase in its rate of discharge 

when the light intensity is increased and a decrease when 

the intensity is lowered. A second group of cells responds 

in the opposite manner to these stimulus changes. 
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Hubel and Wiesel (1959) recorded the electrical 

activity of individual neural cells of the striate cortex 

of lightly anaesthetized cats. They found that these 

individual cortical cells have receptive fields in the 

retina that are similar to the ganglion cell fields reported 

by Kuffler (1953)* However, the shape of these* receptive 

fields is a narrow rectangular core of "on" or "off" 

responding elements surrounded by an area showing respon

siveness to the opposite mode of stimulation, i.e., onset 

vs. offset. These fields were also quite responsive to a 

moving black bar stimulus. 

In addition to the above studies which show that 

the vertebrate visual system is capable of discriminating 

between the onset and the offset of visual stimuli, Granit 

(1955, PP • 157-71) has proposed that onset responses arise 

primarily from rods whereas offset responses originate in 

cones. This hypothesis is based upon experimental evidence 

that the rod eyes of the guinea pig and gecko manifest onset 

responses but very little if any response to the termination 

of a visual stimulus as measured by the electro.retinog.ram 

(ERG). The cone eye of the horned toad, however, produces 

a marked offset response. 

All of the above studies required the use of acute 

preparations or measurements from only the receptor organ 

(ERG) thus restricting the field of study and limiting the 

choice of experimental subjects. Due .to the difficulty of 



training and the limited motor repertory of some subhuman 

animals, it is difficult to collect behavioral and neuro-

physiological data simultaneously. With the advent of 

average response computers, investigators are now able to 

record electrical activity evoked by discrete sensory 

stimuli in the intact waking human. These devices average 

the electrical activity following a stimulus. Fifty to two 

hundred responses are treated in this manner with the 

result that the effect of the unrelated and random ongoing 

cortical activity is reduced and the smaller amplitude 

responses which are consistently time-locked to the stimuli 

are accentuated. With these devices, normal human subjects 

can be used and their motor as well as cortical responses 

can be monitored and studied. 

The most widely used method of studying electro-

encephalographic (EEG) responses to light has been to use 

high intensity flashes of brief duration. It is impossible 

with such stimuli to determine whether responses are to the 

onset or offset or both. Recently, cortical evoked 

potentials (CEP) derived using the computer of average 

transients have been used to study onset and offset 

responses in the waking human. Efron (196'i) studied the 

composition of CEPs to brief flashes of light. He collected 

CEPs to stimulus onsets and to stimulus offsets. Then he 

constructed an artificial flash CEP by averaging the onset 

and offset responses together. For example, if he was 



comparing this synthetic flash CEP with the CEP from a 10 

msec, duration stimulus, he would delay the averaging of the 

offset CEP with the onset CEP by 10 msec, to tenij>orally 

equate them with the short flash response. Then it was 

possible to compare this synthetic onset plus offset CEP 

with the CEP resulting from the 10 msec, duration stimuli 

to see how well they fit. With rectangular stimuli 2° 

vertically and 45' horizontally of approximately 1700 ft.-L. 

intensity, he found that synthetic onset plus offset CEPs 

were quite similar to those derived from brief flashes 

lasting longer than 25 msec. The CEPs to flashes shorter 

than 25 msec, were primai~ily onset responses. 

Clynes, Kohn, and Lifshitz (1964) stimulated the 

right eye of their subjects with a one-inch square patch of 

light situated one inch in front of the eye. They measured 

the responses to increments and decrements of an existing 

luminance. The stimuli changed from 0.06 candles to 0.l4 

candles or vice versa. This light was put through a blue 

filter and collimated. The collimation resulted in a 

considerable degree of brightness. Their results are 

similar to those of Efron (1964) and they propose that the 

"effective off stimuli" increase in magnitude as the flash 

duration increases or in other words, the influence of the 

offset response rises from zero to its full magnitude as 

the flash duration increases. Onset responses were 
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reported to be of greater amplitude them offset responses 

in both studies. 

Wilson and Allen ( 1 9 6 8 )  stimulated the fovea and 

the periphery with 50 111L. circular stimuli. The foveal 

stimulus subtended 1° visual angle while the peripheral 

stimulus was a 9° area with the central 2° blacked out. 

They collected CEPs to stimulus onsets, offsets, and one 

msec, flashes. In both retinal areas onset CEPs were con

sistently larger than offset CEPs and the CEPs to the brief 

flashes seemed to consist of mostly the onset component in 

agreement with Efron (196'i) and Clynes et al. (1964). They 

also collected reaction times (RT) by having their subjects 

depress a key as fast as possible to each stimulus. Faster 

RTs were found to be related to larger amplitude CEPs and 

to shorter latencies of an early CEP component. 

With somewhat different methods, Bartlett and White 

(1968) found significantly larger amplitude CEPs to the 

offset of their stimulus than to the onset. Their circular 

stimulus subtended slightly less than one-half degree of 

visual angle and was directed into the dark adapted fovea. 

Blue and red stimuli were used, with luminances of approx

imately 0.1 ft.-L. and 1.0 ft.-L. respectively. They did 

not construct artificial flashes but they did find that the 

CEPs to the offset of the relatively weak stimuli were 

larger than those to the onset for both wavelengths. Indeed 

quite small onset responses were obtained in the fovea. 



In addition to the physiological investigations of 

onset and offset stimuli, several behavioral studies using 

reaction time bear on the problem. Several authors have 

reported that offset RTs are faster than onset RTs if the 

stimulus is small, located in the dark adapted foxrea, and of 

near threshold intensity (Jenkins, 1926; Pieron, 1927; 

Steinman, 19'l-^j Pease and Sticht, 1965)' Pease and 

Sticht (1965) used a 20' visual angle stimulus to stimulate 

the fovea and 15° in the temporal retina. They measured 

the RTs to1 the onsets and offsets at four intensity levels 

— 3 , l'i.0 mL . , 31 • ̂  mL. , 0.31^ mL . , and O.198 mL . They found 

that offset RTs were slightly faster than onset. RTs when 

the dimmer stimuli was located in the fovea. Increasing 

the intensity of the stimulus produced almost identical RTs 

to both onset and offset and even faster onset RTs at the 

highest intensity level. In the periphery onset RTs were 

faster than the offset RTs at all but the highest intensity 

level where offset was faster for two subjects. 

Bartlett, Sticht, and Pease ( 1 9 6 8 )  stimulated the 

dark adapted fovea and periphery with blue and red stimuli 

of 12' visual angle. They chose these wave bands in order 

to test a hypothesis similar to Granit's (1955? PP • 157-71) 

that the foveal and peripheral systems operate differently. 

They found that the onset RTs to both wavelengths were 

consistently faster than offset RTs in the periphery. The 

responses to foveal stimulation, however, were not much 



different for either onset or offset. The offset RTs were 

slightly but not significantly faster than onset RTs to 

their diin fovea! stimuli. They concluded that the.re are 

two different retinal mechanisms, one operating in the 

fovea and the other in the periphery. 

There are interesting parallels between the physio

logical and the behavioral studies cited above. The CEP 

studies reporting onset responses to be larger than offset 

responses used fairly large, bright stimuli (Clynes et al., 

196'i; Efron, 1964; Wilson and Allen, 1968). However, 

Bartlett and White (1968) using a small, dim stimulus 

delivered to the dark adapted fovea reported larger CEP 

amplitudes to the cessation of the stimulus. The conditions 

used by Bartlett and White are the ones that seem to be 

necessary to produce faster offset RTs. 

In addition, other investigators who have collected 

CEPs and RTs to the same stimuli have reported that larger 

amplitude CEP responses are accompanied by faster RTs 

(Donchin and Lindsley, 1966; Mori*ell and Morrell, 1966; 

Wilkinson and Morloclc, 1967; Wilson and Allen, 1 9 6 8 ) .  

Wilson and Allen dealt with onset and offset collecting 

both CEPs and RTs. As noted above they found that larger 

amplitude CEPs were associated with faster RTs. Bartlett 

and White (1968) did not collect RTs but they used stimulus 

conditions which have previously been shown to produce 
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slightly faster RTs to the offset of the stimulus than to 

the onset. 

The possibility exists that the composition of CEPs 

to brief flashes of light, with regard to the onset and 

offset components, might depend not only on the duration of 

the stimulus but also upon the intensity, size and location 

of the stimulus and the state of adaptation of the eye. 

That is, fairly bright stimuli delivered to a light adapted 

eye would produce a larger CEP to the onset than to the 

offset of the stimulus. Under these conditions the CEP to 

a brief flash would be primarily composed of the onset com

ponent. A stimulus of smaller area and of near threshold 

intensity delivered to the dark adapted fovea may result in 

a larger CEP to the offset of the stimulus than to the on

set. The relative composition of a CEP to brief flashes of 

these parameters could be composed of primarily the offset 

component. Stimulation of the periphery under both these 

conditions would consistently produce large onset responses 

and thereby the CEP to brief flashes would consist largely 

of the onset component. 

In the present study I sought to test these 

hypotheses by recording the CEP changes brought about by 

presenting different stimulus intensities to the fovea and 

periphery of the dark adapted eye. The composition of 

brief flashes was investigated as to the relative importance 

of onset and offset components. The effects of these 
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stimulus parameters upon the amplitudes and latencies of 

the various CEP components were also evaluated. In 

addition RTs were collected simultaneously to permit 

comparisons between cortical and peripheral motor responses 

to the same stimuli. 

Specifically, it was predicted that near threshold 

stimuli to the dark adapted fovea would produce larger 

amplitude CEPs to the stimulus offset than to the onset. 

Higher intensities would result in larger onset than offset 

CEPs. Peripheral stimulation would produce larger onset 

CEPs across the entire stimulus range. The dim fovea! 

stimuli would produce one msec, flash CEPs that would con

sist largely of the offset component while the brighter 

foveal stimuli and all of the peripheral one msec, flash 

CEPs would consist of mostly the onset component. RTs 

collected over these conditions would show responses to 

offsets to be faster than those to onsets only in the 

dimmest foveal condition. All other conditions would pro

duce faster RTs to stimulus onset. 



METHOD 

Apparatus 

Visual stimuli were presented binocularly with a 

Scientific Prototype Model G three channel tachistoscope. 

The temporal conditions of the stimuli were: one msec, 

flashes of light and onsets and offset which were alter

nating periods of light and dark. Two retinal areas were 

stimulated. A 0-75° circular stimulus which the subjects 

fixated at its center served as the fovea! stimulus. A 

% 

9-0° circular stimulus which the subjects fixated at its 

center -with the central 3*0° blacked out was used as the 

peripheral"stimulus. The total area of stimulation was 

greater for the periphery. The temporal conditions and 

retinal areas can be seen in Figure 1. 

Three int ensity levels were used: 120.86 mL. , 

5-12 mL., and 1.00 mL. These values measured by a Gamma 

Scientific Log-Linear photometer, reflect this instrument 1s 

built-in corrections for the foveal luminosity function. 

See Graham (1965? PP• 9-11) for a discussion of the con

version from radiometric to photometric units. The 

different intensities were obtained by placing photographic 

film which had been differentially exposed and developed 

between the light source and the stops that provided the 

various stimulus configurations. The gas discharge tubes 

11 
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Fig. 1-. Diagrammatic, representation of stimulus 
temporal and spatial configurations. 



that are used as the light sources of the tachistoscope 

produce flashes of light that have nearly instantaneous 

rise and fall times. At the long durations, the stimulus 

reaches full intensity nearly instantaneously; the offset 

falls to approximately one-half intensity immediately but 

20-30 msec, are required to reach zero intensity. The time 

to reach full intensity for the one msec, flash is also 

nearly instantaneous but the offset requires approximately 

2 msec, (see Figure 2). In addition, low intensity 

flickering light was evident to the dark adapted eye at the 

highest stimulus intensity level during the "off" periods 

of peripheral stimulation. However, one msec, flashes or 

onsets quickly adapted the eye so these artifactual flashes 

were no longer evident. 

A diamond shaped pattern of four small dots sub

tending approximately 0.75° of visual angle provided the 

fixation source. This was achieved using a filament light 

bulb, of .73 mL. intensity. This light was routed through a 

number 29 Wratten filter, passing only wavelengths above 

600 mp., and through a piece of opaque film containing four 

small holes. The fixation source was situated in one of 

the side arms of the tachistoscope and a front surfaced — 

mirror was used to parallel its path with that of the 

stimuli which were located directly in front of the sub

ject's viewing hood (see Figure 3)« An oscilloscope viewin 

hood aided in holding the subject's fixation constant. 



Fig. 2. Oscilloscope photograph of photocell 
responses. 

Reading from the top down the traces are to 
stimulus onset, offset, one msec, flash, and a 1000 cps 
signal. 
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The light-dark periods were presented in the 

following sequence by a recycling sequential timer: on 7*5 

sec. , off sec., on 6.5 sec., off 7*5 sec., on 5*5 sec. , 

off 6.5 sec., 011 4.5 sec.., off 5*5 sec., thereby making 

total "on" time equal to "off" time. In the flash con

dition one msec, flashes were presented at the start of 

each of the above periods. 

The EEG was recorded using commercial silver 

chloride electrodes. The recordings were made "monopolar" 

with the active electrode placed 3 cm. anterior to the 

inion 011 the midline, referenced to linked ears. A vertex 

electrode placement was used to ground the' subject. A 

Beckman nonpolarizing electrode was placed above the right 

eye slightly to the right of its vertical meridian to 

monitor eye movements. This placement was also referenced 

to the linked ears. Electrical resistance was always below 

10,000 ohms. The EEG potentials were amplified by a Grass 

Model 7P3 A.C. preamplifier and Model 7DA driver amplifier 

with filters set at one-half amplitude at 1 arrd"75 cps . 

The slow potential shifts at the eye were amplified by a 

Grass Model 7P1 D.C. preamplifier and Model 7DA driver 

amplifier with a time constant of .8 sec. Portions of both 

recordings were periodically written on paper tape as a 

permanent record. The EEG and eye movement potentials were 

recorded on separate channels of a Hewlett-Packard Model 

3907B FM tape recorder. A trigger signal, was fed into a 
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third channel of the tape recorder to provide signals fox~ 

controlling the computer and sAvitcliing relays. 

A Fabri-tek computer of average transients Model 

1052 was used to average the cortical and ocular responses 

from the taped records. 

A Hewlett-Packard Model 522B electronic counter and 

a Model 56OA digital recorder were used to measure and pro

vide a permanent record of the subjects' RTs . The counter 

was started by an electric pulse at the beginning of each 

stimulus. The subject depressed a microswitch as soon as 

he detected the stimulus, feeding another pulse into the 

counter which stopped it and caused the time in milliseconds 

to be printed on paper, by the digital recorder. Numbers 

corresponding to the condition number were also printed 

beside the RT for every onset to facilitate later processing 

of the data. See Figure 3 for a block diagram of the 

stimulus generating and recording equipment. 

Procedure 

Subjects were four male adults who were tested for 

visual acuity and phoria with a Bausch and Loinb Modified 

Ortho-Rater and found to be within normal limits. The 

subjects also had normal color vision as measured by 

American Optical H-R-R pseudochromatic plates. 

The sulDjects were dark adapted by wearing 

American Optical Model '19O red goggles for 25 m:i.n. and 



sitting in the dark experimental room for an additional 

five minutes. 

The subjects practiced for a total, of four to six 

hours on the RT task. CEPs were also obtained during the 

practice sessions to find the threshold for the lowest 

intensity fovea! flash and to test the equipment. 

The experimental session for each subject was run 

in one day. Table 1 presents the order of conditions for 

each of the four subjects. The first 5_10 responses of all 

trials were not recorded to avoid initial startle and 

attention effects. The first stimulus of the recorded 

portion of a trial for the onset-offset- trials was an 

onset to facilitate later retrieval of the records. A 

total of 50 flashes, 50 onsets, and 50 offsets, were 

collected from the appropriate conditions. A 3-5 min. rest 

was given between trials in the experimental room. Longer 

5-10 min. rest periods outside of the experimental room 

were given between intensity changes. The subjects wore 

red goggles during these periods outside of the room. If a 

foveal condition was the next to be run, the subjects were 

dark adapted for an additional five min. in the experimental 

room. These breaks were given in order to maintain the 

subjects' alertness throughout the experimental session. 

The subjects were instructed to confine blinking and eye 

movements to periods at least one second after each 



Table 1 

Order of Presentation of the Experimental Conditions 

Fovea Periphery 

O
 

o
 
H
 mL. 5 . 1 2  mL. 1 2 0 . 8 6  mL. 1 . 0 0  mL. 5 . 1 2  mL. 1 2 0 . 8 6  mL. 

Subj ects F1 ash 
On-
Off Flash 

On-
Off F lash 

On-
Off Flash 

On-
Off Flash 

On-
Off Flash 

On-
Off 

J.B. 1 2  9 1 0  8  7 6  5 4 3 1 2  1 1  

J .D . 1 2  1 1  4 3 5 6  8 7 9 1 0  1 2  

R.M. 1 2  1 1  4 3 5 6  8  7 9 1 0  1 2 

J .N. 1 2  9 1 0  8  7 6  5 4 3 1 2  1 1  

I 

\o 

i 

i 
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stimulus. White noise iDrovided by a set of headphones was 

used to reduce auditory cues. 

The EEG and eye movement records were later re

trieved from the magnetic tape. The EEG record was put 

through a Krohn-IIite Model 330J3 band-pass filter set at 

one-half amplitude at 3 and 50 cps. The trigger impulse 

that coincided with the stimulus presentation started the 

averager which sampled the EEG or ocular record for 0.5 

sec. The other impulse on the same channel of the tape was 

used to switch channels of the computer so that responses 

to stimulus onsets would be averaged in one channel and 

responses to stimulus offsets in another. In addition on

set and offset responses were averaged together in a third 

channel to provide a synthetic flash CEP for comparison 

with the actual CEP to the one msec, flash. Both the EEG 

and ocular records were treated in this manner except the 

ocular records were not filtered and the computer input 

amplifier was set at D.C. rather than A.C. as was the case 

with the EEG records. The CEPs derived by these methods 

were written on graph paper by a Hewlett-Packard Model 7035 

AM X-Y plotter. Control records were made for each subject 

by using the trigger signal from another subject.'s record 

•to trigger the computer. 



RESULTS 

Analyses of variance were performed to determine 

the effects of retinal location, intensity and temporal 

condition (onset, offset, or flash) on CEP total amplitude, 

CEP peak-to-peak amplitude, CEP latencies and RTs. Corre

lation coefficients were used to test the fit of the onset, 

offset, and synthetic onset plus offset CEPs with the flash 

CEPs. These computations were done by a Control Data 

Corporation 6'i00 digital computer. Rank order correlations 

were made betAveen. RTs and CEP amplitudes and latencies. 

Subject J. D. 's CEPs are shown in Figures 4 and 

CEP Amplitudes 

In order to measure the overall amplitudes of the 

CEPs, a baseline was drawn 5 nim. below the lowest point of 

each CEP. Measurements in millimeters were made from this 

baseline to the curve in 10 msec, intervals starting at 

*10 msec, from the beginning of the CEP to kOO msec, (see 

Figure 6). The *10 and 400 msec, limits were chosen since 

all of the main peaks of the CEPs fell within this range. 

These measures were converted to microvolts arid an analysis 

of variance was performed on the means of these values. 

Table 2 presents the mean total amplitudes in microvolts 

for the four subjects for each experimental condition. 

21 
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of measuring the total amplitude, (B) method of measuring 
peak-to-peak amplitude, and (C) method of measuring peak 
latency. 



Table 2 

CEP Total Amplitude Means for Four Subjects 

Subj ects 

1.00 mL. 5.12 mL. 120.86 mL. 

Subj ects On Off Flash On Off Flash On Off Flash 

F ovea 

J.B. 36.13 32.07 36.67 2 8 . 3 8  22.07 30.45 58.92 30.81 35.05 
J.D. 12.61 9.56 7.57 15.93 10.87 11.48 16 .45 11.15 19.66 
R.M. 4.69 3.70 2.94 3-59 5-70 5.40 5-02 3.77 7-17 
J .N. 17.37 11.62 11.13 15. 0 1  11.68 1 6  . 5 6  15-42 7.60 12.27 

Periphery 

J.B. 71.08 36.9zl 39-73 64.86 40.09 6 7 . 3 0  40. 0 9  2 3 . 7 8  54.41 
J.D. 12.83 9.91 12.65 14. 5 6  11.33 15.30 2 1 . 9 3  11.42 1 8 .4l 
R.M.- 9.71 4.86 8.34 6 . 3 8  5-14 8 . 8 7  4 . 5 6  4 . 0 5  9.37 
J.N. 11.53 10. 9 0  15-39 9 . 2 6  12.70 19.94 1 9 . 5 8  1 0 . 2 7  15-37 
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Three analyses of variance were performed on these 

amplitude measures. One analysis was made for all con

ditions and one each for the foveai and periphei-y data 

alone. The only significant factor was the interaction of 

temporal condition with intensity for the total analysis 

involving foveal and peripheral data. None of the main 

effects, retinal location, intensity, and temporal con

dition were significant. 

Figure 7 shows the mean CEP amplitude measures 

averaged across subjects for the various conditions. The 

onset amplitudes for the fovea decrease then increase as 

intensity is increased while the onset CEP amplitudes in 

the periphery show a steady decline as the stimulus inten

sity is increased. Also of .interest is the trend of the 

flash CEPs. The foveal responses to the flashes show a 

linearly increasing trend while the peripheral amplitudes 

at first increase at the intermediate stimulus level then 

decrease in magnitude at the highest intensity. 

With regard to the relative magnitudes of the onset 

and offset CEPs, it should be noted from Table 2 that all 

but two of the onset means were larger than their 

corresponding offset CEP means. Neither of the two cases 

where the offset CEP was larger was found in the low 

intensity fovea condition. 
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CEP Peak-to-Peak. Amplitudes 

The overall amplitude measures do not reflect 

changes of individual peak-to-peak amplitude components. 

One component may be directly relcited to a particular 

stimulus parameter but due to the nature of the overall 

measure, this relationship could be easily lost. In ordex' 

to analyze these changes, the amplitudes of the various 

components were measured by finding the distance from peak 

to trough of the six major CEP components (see Figure 6). 

Three analyses of variance were also made on these data for 

the five peak-to-peak measures. The analysis which 

included retinal location, intensity, and temporal con

dition showed the peak-to-peak amplitude of the component 

from B-C to be significantly influenced by only retinal 

location; peripheral stimulation px-oduced larger amplitudes 

than the foveal stimulus. The analysis of fovea! data 

alone showed that the amplitude of component A-B varied 

significantly with the various intensity levels. The 

medium intensity produced the lowest amplitudes (5«1 jJ-v. ) 

the lowest intensity the next largest (6.5 . ) and the 

highest intensity resulted in the largest amplitudes 

(7-5 (J-v. ) . All other factors failed to reach the five per 
1 

cent level of confidence. This included all factors in the 

peripheral analysis. 

These results show that the CEP amplitude is not 

affected by onset, offset or flash with these experimental 
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conditions. Only retinal locations, intensity or the 

interaction of temporal condition and intensity were found 

to be significant factors in any of the analyses. 

Correlation of CEP Waveforms 

The amplitude values found by measuring from a 

baseline in 10 msec, intervals were used to test the fit of 

onset, offset, and synthetic onset plus offset CEPs with 

the flash CEPs. The Pearson product moment correlation was 

used to correlate these values. Table 3 presents the 

resulting correlation coefficients. Most of the correla

tions with the flash CEPs are significantly greater "than 

zero except for the lowest intensity condition in the 

fovea, indicating that for each subject the CEP waveforms 

within a given condition match one another even though the 

amplitudes may be different. The low correlations of the 

CEPs of all subjects in the low intensity foveal condition 

were due to the fact that CEPs to the one msec, flashes in 

this condition were of considerably longer latency than the 

CEPs of the onset and offset responses. The other stimulus 

conditions produced CEPs having more closely related com

ponents as to latency (see Figures k and 5)* Since this is 

a very important condition for this study, the CEPs were 

adjusted in such a manner that the first positive peak of 

the flash, onset and offset CEPs lined up. When the 

starting peaks were aligned and the ]0 msec, interval 



Table 3 

CEP Amplitude Correlations and Correlation Means of Onset, 
Offset, and Onset Plus Offset •with Flash 

l .00 mL. 5 .12 mL • 1 2 0  .86 mL. 

J.B. J.D. R.M. J .N. Mean J.B. J.D. R.M. J.N. Mean J.B. J.D. R.M. J.N. Mean 

On -
Flash . 0 1 *  .15* .23* - . 1 2 *  .07* .26* •71 

F ovea 

.22* .34 .41 •  7 6  .86 • 49 .12 . 6 3  

Off -
Flash • 34 -.06* . 2 2 *  .05* .Ik* . 0 2 *  •71 .43 .48 .48 - . 1 9 *  •58 .25* .07* .20* 

On + 
Off -
Flash .16* .03* .23* -.08* .09* • 36 •73 .49 • 38 • 53 .68 •91 . k2 .13* , 62 

On -
Flash • 75 • 52 .86 .15* .64 . 4i 

Periphery 

.71 .78 . 6 9  . 66 •  6 9  • 78 • 79 . 6 5  • 73 

Off -
Flash • 70 .13* • 5^ .46 .48 • 75 . 6 7  • .60 • 70 .68 . 0 9 *  • 71 '•51 .45 • 47 

On + 
Off -
Flash • 78 .4o .81 • 32 • 63 . 6 2  •73 .80 . 8 0  • 74 • 74 . 8 0  • 79 .67 • 75 

*Indicates correlations which are not significantly different from zero, 
all others are significant (p<=.05)« 
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amplitude measures starting from this point wei-e correlated 

9 of the 12 correlations were significant (see Table 'i) . 

Comparisons of the magnitudes of the onset and 

onset plus offset coefficients with the flash CEPs shoA^ 

that for each of the conditions the onset plus offset 

correlation coefficient was larger than the corresponding 

onset correlation for 19 of the 2k conditions using the 

adjusted fovea low intensity values. This is contrary to 

the hypothesis which states that the one msec, flash CEP is 

composed almost entirely of the onset component. This 

indicates that the addition of the offset response produces 

a CEP which provides a better fit with the one msec, flash 

response than does the onset CEP alosie. 

CEP Latencies 

The latencies of the six prominent components of 

the CEPs were measured in milliseconds (see Figure 6). The 

significant effects as shown by the analyses of variance 

are listed in Table 5* All of the latencies were signifi

cantly affected by at least one main effect for the total 

analysis involving all three main effects. The analysis of 

the foveal latencies alone shows all but the longest 

latency component are also related to at least one main 

effect. The analysis of the peripheral latencies revealed 

that only the "C" latency was significantly affected by 

stimulus intensity. Generally onsets produced shorter" 



Table 4 

CEP Amplitude Correlations and Correlation Means 
for Adjusted Foveal 1.00 mL. Values 

1.00 mL. 

J .B. J.D. R.M. J.N. Mean 

On - Flash I • o
 

V
Jl *

 

.60 -.05* .40 .25* 

Off - Flash • 37 -.48 • 56 .42 . 2 3 *  

On + Off - Flash .30 • 71 -.10* •'^5 •37 

•"Indicates correlations which 
all others are significant (p «s .05). 

are not s i gni f i c antly different from zero, 



Table 5 

F-Ratio Significance Summary for CEP Latency Components (p «= .05) 

Components 

Analysis A B C D E F 

Total 

Temporal 
Comdition 

Temporal 
Condition 
Location 

Temporal 
Condition 

Temporal 
x Condition 
Intensity 

Intensity 

x Location 

Intensity 

Location 

Intensity Intensity 

F ovea 
Temporal 
Condition 

Temporal 
Condition 

Int ensity 
Intensity 

Temporal 
Condition 

Intensity 
Intensity 

Periphery Intensity 



latency components, offset next and flashes longest, 

especially at the lower intensities. Brighter stimuli 

resulted in shorter latencies as did peripheral stimulation. 

Examination of Figures 4 and 5 shows these relationships. 

For example, the foveal curves for the flash condition show 

that the latencies of the peaks decrease as the intensity 

increases. Also it is apparent that the onset latencies 

are shorter than those of the offset CEPs. The number of 

independent variables significantly related to the CEP 

latencies indicates that certain components of the CEP may 

be influenced by parameters of the physical stimulus such 

as intensity, area, and the temporal condition of the 

stimulus. It is interesting to note that the latencies of 

the two early components of both the total and foveal CEPs 

show significant effects due to stimulus condition and 

interactions of temporal condition and location or inten

sity. The remaining latency components show significant 

effects due to stimulus intensity. Also the location of 

the stimulus for the total analysis was a significant 

factor. This would seem to indicate that these various 

components are somehow related to the processing of infor

mation concerning these parameters. 

Reaction Times 

The fifty RTs for each stimulus condition were 

averaged and these means were used in the analysis of 
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variance.. The mean RTs for the four subjects in all of the 

experimental conditions are shown in Table 6. The average 

standard deviation for the four subjects was kk. Table 7 

presents a summary of the analyses of variance. Figure 8 

shows the graphed RT means averaged across subjects. As 

can be seen from Table 7 only the effects due to temporal 

condition and the interaction of intensity and area failed 

to reach significance for the total analysis. Both the 

main effects of intensity and location were significant. 

In general, the lowest intensity produced the slowest RTs, 

the medium intensity the second fastest and the high inten

sity stimuli produced the fastest RTs. RTs to peripheral 

stimulation resulted in faster RTs. This is not too sur

prising considering the large difference in area between 

the two stimuli. The interaction of intensity and location 

was the only interaction which failed to show a significant 

effect. 

The analysis of the foveal RTs showed temporal con

dition and the interaction of temporal condition and 

intensity to significantly affect RT. The offset RTs were 

the longest except for the lowest intensity. The one msec, 

flash RTs were very slow at the lowest intensity, equal to 

onset RTs at the medium intensity level and fastest at the 

highest level. 

It is of note that offset RTs were shorter than 

onset RTs with the lowest foveal stimulus in three of the 



Table 6 

Mean Reaction Times for Four Subjects 

Subj ects 

1.00 mL. 5.12 mL. 120.86 mL 

Subj ects On Off Flash On Off Flash On Off Flash 

F ovea 

J .B. 285 267 352 281 300 257 248 259 242 
J.D. 276 278 355 260 265 270 240 257 2 3 2  
R.M. 290 283 3 2 8  274 278 286 251 281 245 
N.N. 240 224 2 9 5  259 258 265 231 249 225 

Periphery 

J.B. 272 287 2 9 0  261 269 246 242 2 6 3  210 
J.D. 249 257 2 6 3  243 242 240 231 2 3 8  243 
R.M. 249 265 2 5 1  252 270 258 274 2 6 8  255 
J.N. 240 245 2 3 0  247 2 3 6  214 224 246 210 



Table 7 

F-Ratio Significance Summary for Reaction Times 

Independent Variables 

Temporal 
Condi-

Temporal Temporal tion x 
Condi- Condi- Inten- Inten-

Temporal tion x tion x sity x sity x 
Analysis Condition Intensity Location Intensity Location Location Location 

Total N.S.-* .05 .01 .01 .01 N.S. .01 

Fovea . .05 N.S. .01 

Periphery N.S. N.S. N.S. 

kNot significant 
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four subjects. In only three of the remaining twenty 

onset-offset comparisons were the mean offset RTs faster 

than the corresponding onset RTs. 

Reaction Tinie-CEP Correlations 

RTs and cori-esponding CEP amplitude and latency 

measures were correlated with the Spearman rank order 

technique. From Tables 8 and 9 showing the results of this 

analysis it can be seen that no consistent relationships 

were found, only suggestive trends. The total CEP 

amplitude for the foveal stimuli was found to be signifi

cantly related to RT for only one subject. The total CEP 

amplitude for peripheral stimuli was significantly related 

to RT for two subjects. These correlations were negative 

indicating that faster RTs were associated with large 

amplitude CEPs. 

It is evident that no one component is consistently 

related to RT in all subjects. Three amplitude measures 

were found to be significantly related to RT in at least 

two subjects' records. They were all in the periphery— 

total amplitude, B-C and D-E. 

The CEP latency measures show only four significant 

correlations with RT out of the 48 comparisons. Two of 

these were in the fovea, latency of C and latency of D, and 

two in the periphery, latency of D and latency of E. 



Table 8 

Rank Order Correlation Coefficients for Reaction Times and CEP Amplitudes 

Total Amplitude A-B B-C 

J.B. J.D. R.M. J.N. J.B. J.D. R.M. J.N. J.B. J.D. R.M. J.N. 

Fovea -.17 -.80* -.50 -.03 -.16 -.10 -.23 -.02 -.43 -.68* -.08 .08 

Periphery -.33 -.43 -.78* -.90* -.38 -.20 -.60 -.50 -.48 - .77* --70* .23 

C-D D-E E-F 

J.B. J.D. R.M. J.N. J.B. J.D. R.M. J.N. J.B. J.D. R.M. J.N. 

Fovea -.25 --77* -.40 .26 -.4l .82* .18 -.10 -.51 -.51 -.22 -.23 

Periphery -.27 -.61 - .77* -.65 -.20 -.48 -.80* -.69* -.21 -.48 -.77* --56 

*p «= .05. 



Table 9 

Rank Order" Correlation Coefficients for Reaction Times and CEP Latencies 

A B C 

J.B. J.D. R.M. J.N. J.B. J.D. R.M. J.N. J.B. J.D. R • M. J.N. 

F ovea .17 . 3 6  . 6 0  .22 .43 .48 •15 .58 .25 . 6 7  •33 • 75* 

Periphery .02 •07 -.49 -.30 .08 .22 - . 5 6  -.15 •55 .14 -•57 -.08 

D E F 

J.B. J.D. R.M. J .N. J.B. J.D. R.M. J.N. J.B. J.D. R .M. J.N. 

F ovea .28 .70* -±7 • 50 . 28 .62 .08 • 33 -.10 .65 . 22 .05 

Periphery .43 .72* .02 •39 .23 .15 -.70* -.54 . 5 6  .21 -•33 - . 6 0  

*p <= .05-
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Eye Movement 

The averaged eye movement records consistently show 

little activity until 300 to 400 msec, following the 

stimuli. Subject J. B.'s records are shown in Figure 9* 

The consistent downward deflection of the curves indicates 

upward and/or right movement of the eye. As can be seen 

from Figure 9? the only consistent potential changes 

occurring at the eye electrode did not occur until from 300 

to 400 msec, after stimulation. Some of the records show 

almost no deflection at all, indicating that the eye move

ments for these conditions were not consistently synchronized 

in time with the stimuli. The eye movement records fox- the 

other three subjects are similar to J. 13.'s. There were 

only a few conditions where activity was recorded earlier 

than 300 msec. (7 out of 72 records). 

The purpose of recording and averaging the slow 

electrical changes from the region of the eye was to 

control for electrical potentials associated with eye move

ments, especially those related to blinks, from possibly 

contaminating the CEPs recorded from the occipital area. 

Since the only consistent activity occurred later than 300 

to 400 msec., it is doubtful that these changes occurring 

at the front of the head in any way contaminated the CEPs 

recorded from the back of the head. This is especially 

evident since the longest measurements of the CEPs in terms 

of latency were 400 msec. 
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DISCUSSION 

The CEP studies reviewed in the introduction em-

phas ized the relationship between the CEP amplitude and 

stimulus onset and offset. Three of the studies reported 

the CEP to stimulus onset to be larger and constitute the 

entire composition of the CEP to brief flashes of under 

25 msec, duration (Clynes et al. , 1964; Efron, 1964; Wilson 

and Allen, 1968). Bartlett and White (1968), however, re

ported that CEPs to stimulus offset were larger than those 

to stimulus onsets. It was suggested that the differences 

between these studies might be a result of the stimulus 

parameter's used and the state of dark adaptation of their 

subjects. It was the purpose of the present study to 

manipulate some of these parameters in order to better 

understand these relationships. 

The results of the present study differ from those 

of Clynes et al. (1964), Efron (1964), Bartlett and White 

(1968), and Wilson and Allen. (1968) in that the CEP 

amplitude was not very sensitive to the stimulus manipula

tions. The main stimulus parameters did not produce 

significant effects on the total CEP amplitude. In 

addition it was found that the onset CEP amplitudes were 

larger than the offset responses even at the lowest inten

sity in the fovea. The analysis of the peak-to-peak 
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amplitudes showed that this measure was also not very 

sensitive to the stimulus changes since only two of the 

components were significantly affected by any of the 

stimulus conditions. It seems that CEP amplitude is not 

systematically affected by stimulus onset and offset in 

this range of stimulus intensities. However, it should be 

noted that CEP amplitudes have been found to be related to 

the subject's attentional and motivational states (Garcia-

Austt, Bogacz, and Vanzulli, "1964-; Haider, Spong, and 

Lindsley, 1964; Wilkinson and Morloclc, 1967)' The length 

and nature of the task employed in the present study could 

have contributed to different attentional states and 

monotony which could possibly override any effects upon 

CEP amplitude due to stimulus parameters. The order of 

presentation of the stimulus conditions attempted to reduce 

the attentional effects. 

The analysis of the CEP waveform also showed that 

these results differ from those of Clynes et al . (1964-), 

Efron (1964), Bartlett and White (1968), and Wilson and 

Allen (1968). The correlations indicated that a synthetic 

flash made by averaging onset and offset components 

together provided better fits with the CEPs to the flashes 

•than merely the onset curves alone. This finding suggests 

that the CEP to flashes of light as brief as one msec, in 

duration is composed of both onset and offset components. 

The.contribution of the offset response may increase in 



ke 
importance as the duration of the flash increases but this 

contribution is measurable even with durations as short as 

one msec. These data did not show that the offset CEPs to 

the lowest intensity foveal stimulus provided a substan

tially better fit with the one msec, flash CEPs than did 

the onset CEPs. 

It is worth noting that the methods of analysis 

employed in the present study are more quantitative in 

nature than those of earlier studies. Clynes et al. (1964) 

and Efron (1964) used only visual inspection to compare 

waveforms whereas amplitude measures were recorded and 

analyzed in the present investigation. The precision of 

quantitative statements makes this type of analysis more 

desirable than subjective judgments alone. 

The CEP latency measures were differentially 

affected by onset, offset and one msec, flashes. Vaughan 

and his co-workers (Vaughan. and Hull, 1965; DeVoe, Ripps, 

and Vaughan, 1968) have found that the amplitude of CEPs 

to visual stimuli which are varied along the intensity 

dimension do not exhibit a linear relationship to the 

stimuli as does the latency of an early peak of the CEP. 

The present results support these findings (see Figures 

k and 5)* These results show that CEP latencies were 

differentially affected by the stimulus conditions. The 

latencies were influenced by the three parameters of 
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retinal location, intensity and temporal condition as well 

as their interactions. 

It was suggested that certain CEP components could 

be related to the processing of specific types of informa

tion concerning the stimuli • One of the problems in CEP 

research involves functionally labeling the various com

ponents. The results of the present study show that 

certain components are related to certain stimuls pai^a-

meters and also the method of analysis used may yield 

similar results in studies of a different nature. The two 

short latency components for both the total and fovea! 

analyses were significantly influenced by the temporal con

dition. Since the latencies of these peaks are dii~ectly 

related to the temporal condition of the stimulus, they 

must be related to the processing of this specific type of 

information. The later components were related to inten

sity, retinal location, and also temporal condition. It is 

of note that temporal condition had a significant effect on 

latencies of the two early fovea! components but not those 

of the periphery. This would seem to support the 

hypotheses put forth by Granit (1955? PP• 157-71) and 

Bartlett et al . (.1968) that the fovea! and peripheral 

systems diffel" with regard to onset and offset mechanisms. 

The lack of significant variables for the peripheral 

stimuli could also point out differences between the two 

systems. However, the stimulus conditions were not the 



same since the peripheral stimulus covered a much larger 

area and any conclusions concerning the differences between 

the systems must include this factor. 

The RTs obtained were interesting since they showed 

that under the lowest foveal intensity conditions, slightly 

faster offset than onset RTs were recorded. This supports 

several previous studies finding this slight but insignifi

cant effect with small near threshold stimuli and a dark 

adapted eye (Jenkins, 1926; Pieron, 1927; Steinman, 19^; 

Pease and Sticht, 1965; Bartlett et al., 1968). However 

these faster RTs were not accompanied by larger offset CEP 

amplitudes as was suggested by Bartlett and White's ( 1 9 6 8 )  

data. The results also showed the usual relationships to 

stimulus intensity and retinal location and total area. It 

is of interest to note that the peripheral data were not 

significantly related to any of the stimulus variables. 

This is similar to the CEP latency data. Possibly some of 

the same factors were operating in the case of the RTs. 

The correlations between RT and CEP amplitudes and 

latencies indicate that these two measures are not 

associated under the conditions of this experiment. A few 

of the correlations were significant but only trends could 

be inferred from these few relationships. It is interesting 

however to note that there were more significant values 

found for the peripheral, than for the foveal data. This is 

additional evidence that a common factor may be acting on 
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the peripheral system and affecting both the central 

measure and the motor response. 

The slow changing eye movement potentials were 

found to be of long latency and to not appreciably inter

fere with the CEPs measured from the occipital region. 

In conclusion, CEP latency seems to be a more 

sensitive measure of central nervous system changes accom

panying the present stimulus manipulations than CEP 

magnitude measures. The latencies were found to be related 

to several stimulus dimensions. The various components 

were differentially affected by the different stimulus 

parameter changes. Both total and peak-to-peak amplitudes 

were found to be less affected than the latency measures. 

The RTs collected were influenced by the stimulus manipula

tions and were not substantially related to CEP amplitude 

and latency measures. It was found that for three of the 

four subjects offset RTs were slightly faster than onset 

RTs to the lowest intensity foveal stimuli. However, these 

behavioral measures were not associated with larger offset 

CEPs . 

The eye movements which sometimes follow visual 

stimuli were not found to affect the CEPs at least not 

earlier than 300 to 400 msec, if at all. 
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