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A B S T R A C T  

The psychological refractory period was tested by three 

experimental conditions. In each of these conditions complex visual 

signals were presented in pairs. The interval between the first 

and second signal was varied and covered a range of from 0 to 1000 

msec. Four Ss were used. 

In the first experiment Ss were required to make a correct 

response to each stimulus as rapidly as possible. In the second 

experiment Ss were required to respond only to one specific danger 

signal while attempting to avoid responding to irrelevant stimuli. 

In the third experiment Ss responded as soon as the information 

contained in each signal was recognized. 

It was found that the refractory period is not simply related 

to the length of time required to respond to the first signal in the 

pair, but rather that it is dependent on the stimulus complexity and 

the response requirements. For the tasks involved in this study the 

refractory period varied from 560 msec, for the first experimental 

condition to 400 msec, for the third experimental condition. 

A hypothetical description is given of the sequence in which 

the various steps of the response to each signal is made. 

viii 



CHAPTER I 

INTRODUCTION AND HISTORY OF THE PROBLEM 

The interplay of human factors in the advancement of science 

has resulted in a study, by psychologists, of many problems dealing 

with the limitations and capabilities of man. For example, the study 

of reaction time originated in an astronomical observatory and became 

a subject of psychological research only after considerable discussion 

of it by astronomers. 

Just before the 19th century, great advances were being made 

in the accurate plotting of stellar transits of various stars. Precise 

time measures were of extreme importance if predictions of any accuracy 

were to be made. According to Boring (1950 p. 135), the eye and ear 

method of Bradley was the accepted method in most observatories for 

plotting the time of stellar transits. This method consisted of the 

observation of a moving star through a telescope, the field of which 

was divided by parallel cross-wires in the reticle. When the star 

started to cross the field of view in the telescope the observer looked 

at a clock and noted the time to the nearest second. He then watched 

the star, counting time to the beats of a clock located near him. When 

the star crossed the critical wire in the reticle,the observer fixed 

in his mind the time to the nearest tenth of a second and called out 

the time for recording. 

1 
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At the Greenwich Observatory in 1796, Maskelyne became dis

turbed about the fact that his assistant, Kinnebrook, had been 

reporting times of stellar transit at least a half-second later than 

his own times. Although this "error" was pointed out to Kinnebrook, 

his accuracy failed to improve and even declined. According to Boring 

(1950 p. 135), Maskelyne assumed that Kinnebrook must have fallen 

into some type of confusion and he was therefore dismissed. 

This event may well have been lost to history had it not been 

for Bessel who came across an account by Lindenau, who mentioned the 

incident in the "Zeitschrift fur Astronomie." According to Boring, 

Bessel was a man of unusual intellect and a man dedicated to obtaining 

more exact measures for modern astronomy. Bessel began to wonder if 

the "errors" reported by Maskelyne could be reduced if a more thor

oughly trained observer were used. To answer this question, he began 

to compare the accuracy of his observations with those of his friends 

who had been intensively trained for the task. To his surprise, he 

found that even greater discrepancies existed than those reported by 

Maskelyne. This difference in observation time between observers 

became known as the personal equation. 

The personal equation soon became a topic of interest for the 

early scientists and philosophers involved in the emergence of experi

mental psychology. Herbart, for example, suggested the concept of 

complication as the reason for the delay in response found in the 

personal equation (Boring, 1950 p. 142). Complication is said to result 

whenever the stimulus to react arrives at the sensorium through more 
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than one sense modality, therefore creating a situation which is 

unfavorable for an immediate response. A related theory, called the 

theory of prior entry, suggests that the first stimulus to reach the 

sensorium causes a disturbance which will delay the effect of stimuli 

closely contiguous in time. Stated in this manner, the theory of 

prior entry bears a close relationship to more modern theories con

cerning human delay. 

Further explanations of the personal equation can be divided 

into three general categories: those dealing with the sensory aspects 

of observation such as visual problems, those dealing with the response 

to the stimulus such as the neural impulse and the motor phenomenon, 

and those dealing with purely mental factors such as the expectancy of 

the stimulus. Johannes Muller's conclusions can be classified in the 

third category because he believed that neural transmission time was 

almost instantaneous. He suggested that the delay caused in reaction 

in the presence of two simultaneous signals results from the fact that 

the sensorium is capable of dealing with only one stimulus at a time. 

Therefore, when more than one signal is received the sensorium takes 

cognizance of them one at a time or in succession (Boring, 1950 

p. 143). By explaining human delay in this manner, Mtiller became the 

father of the theory of the single channel mechanism through which all 

input-output information must pass. 

From the problem of the personal equation a whole new field of 

study was born, that of human response delays in general. Studies in 

this area were no longer limited to signals presented in sequence, but 
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rather were about human delays in general to some stimulus such as 

light, sound or touch. One reason for the delay between stimulus and 

response soon became apparent when Helmholtz found that neural impulses 

travel only about 90 meters per second rather than instantaneously 

as Muller had thought. 

A further investigation of the property of the nerve led more 

directly to the theories explaining human delay to series of stimuli. 

The single neuron is limited by the refractory period in the number of 

impulses it can fire over any given period of time. Roughly defined 

the refractory period is the time which elapses after a neural unit 

fires an impulse until further stimulation can cause another impulse. 

This property of the single neuron was also found to hold for such 

nervous tissues as the heart and the brain. Telford (1931) cites 

Kronecher as the discoverer of the refractory period of the heart. 

According to Telford, Broca and Richet discovered the refractory period 

of brain tissue when they found that response rate in the limb of a 

dog did not follow the stimulus rate of electrodes implanted in the 

motor cortex. Such evidence was a strong impetus for theories of 

human delay based on the refractory nature of the nervous tissue of the 

brain. 

The first psychological experiment evolving from neurological 

findings was that of Telford (1931). Telford accepted the idea that 

the human brain, like that of Broca and Richet's dog, could respond to 

a sequence of signals at some limited rate. To determine this rate, 

Telford designed a study using reaction time as well as some other 

measures to determine the effect of the interval between two stimuli 
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on the response time. 

That part of Telford's study dealing with reactions to signals 

presented in sequence is of most importance as it opened up the topic 

of the human refractory period and suggests reaction time as the tool 

for investigation. Telford's Ss were instructed to respond by pressing 

a telegraph key as soon as possible after an auditory signal was given. 

These auditory signals were presented in a series with the interval 

between signals being determined randomly from a population of inter

vals from % to 4 seconds. The results were that the mean response 

time for signals separated by only % sec. were longer than those whose 

interval was 1 sec. or longer. The standard deviations ranged from 63.6 

msec, for the \ sec. interval to 42.5 msec, for the 1 sec. interval. 

These results led Telford to conclude that the psychological 

refractory period is at least \ sec. with the optimal interval between 

stimuli being 1 sec. A weakness in Telford's study, however, was the 

fact that Telford's Ss were not highly trained; and therefore the 

effects of practice greatly reduced the difference between reactions, 

especially at the shortest interval. 

Other investigators have demonstrated that there are elements 

of delay in making corrections to errors incurred in tracking tasks. 

For example, Vince (1948) conducted a study in tracking ability in 

which Ss used a pointer to follow a line drawn on a revolving drum 

and concealed from view except for a small portion viewed through a 

slit in the covering of the drum. Vince noted tracking performance 
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when the course of the line and the rate of rotation of the drum were 

changed. The results showed that the Ss were constantly making 

corrections to errors incurred as the line changed its position. S's 

behavior appeared as if he had made one correcting movement to reduce 

the discrepancy between his pointer and the line. While this correction 

was being made, the line may have changed calling for a new correction. 

When the time between corrections was examined, it was found that they 

occurred at 0.5 sec. intervals for the most part, with a smaller 

number of corrections occurring at a frequency of 0.25 sec. It was 

also noted that the shape of the line on the drum, and the speed of 

drum rotation had little effect on the frequency of corrections for 

errors. 

To further examine the time relationship between corrective 

movements, Vince constructed a course which moved only in a vertical 

plane in 2.5 cm. steps. A mark was made on the drum so that S had a 

0.5 sec. warning before each change. By varying the width of the 

steps, Vince was able to adjust the interval between two successive 

movements from 0.05 to 1.6 sec. The effect of this interval upon the 

second response, or the return to the base line, was carefully studied. 

Results were that initiation of a correcting movement to the first 

change required 0.25 sec. and initiation of the return to base line 

was not possible until after this 0.25 sec. period. In fact, the 

delay to the signal to return to base line was most frequently 0.5 sec. 

These results suggested again a refractory period of 0.5 sec. Because 

the presence of the signal to return to the base line was often 
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present at the same time S was making his first movement, and because 

S's response to the first change was unaffected by this signal to 

return, it was suggested that S was refractory to the second stimulus 

while responding to the first. 

Something analogous to the refractory period has also been 

found by Poulton (1950) when S is required to amend or stop a response 

which is being executed. For example, when S is tracking a predicted 

course a signal to stop tracking has a latency greater than the normal 

latency to begin that response. Poulton explains this delay on the 

basis of two hypotheses. The first, is that S does not expect the 

second signal and is therefore unprepared to make an immediate response. 

The second, states that while S may expect the second signal he may 

not have time to prepare for it if it follows the first closely in 

time. His experiments, however, showed that even when S knew the 

expected time of the second stimulus it still took longer to respond 

to it than to a first signal. 

Hick (1950), Welford (1952) and Broadbent (1956) have given 

summaries of thetheories concerning the refractory period and limita

tions of the explanations given to account for the fact that when the 

interval between two stimuli is very brief, the response to the second 

stimulus is longer than the response to the first. These summaries 

include theories which can be divided into three general categories. 

The first category includes the various theories of expectancy. 

Mowrer (1940), Poulton (1950), Halliday, Kerr, and Elithorn (1960) can 
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be included with those who have attempted to explain the refractory 

period on the basis of expectancy. Each of these theorists holds the 

view that the time required to respond to the second signal of a series 

is related to the probability that such a signal will occur at that 

time. 

The second category includes theories which explain the time 

required to respond to the second signal in a series by a limited 

capacity of the human organism to receive and process new data. This 

limited capacity has been most frequently referred to as a single 

channel system, a term borrowed from electronics. Such theories hold 

that all input-output information must pass through a single channel 

somewhere in the central nervous system. Two types of limits are 

placed on this channel to process data. The first limitation may be 

viewed as being the fact that single channel has a filter system which 

closes the system to new information during the duration that current 

input is being processed. For example, in tracking tasks the first 

input may be the information that the pointer is off course. This 

calls for a correcting output. Before a new input may be received the 

system must receive feedback to indicate the effect of the output 

command. Vince (1948) and Welford (1952, 1959) have proposed such 

conceptions. The second limitation also is suggested by a filter 

system in the single channel which regulates the flow of information. 

This filter stops input while a decision to respond is being made and 

then opens after a refractory period much like that of a single nerve 

fiber after each impulse. This view was suggested first by Telford 
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(1931). Essentially the same position was taken by Davis (1956, 1957, 

1959) who subtracted all the peripheral processes in the input and 
e> 

output and determined a central refractory period of 90-100 msec. 

The third category includes theories which explain the time 

required to respond to the second signal in a sequence by assuming 

that there is a limited channel capacity which rhythmically receives 

new inputs. According to such conceptions, the organism is able to 

detect new inputs only by a comparison of nervous activity over short 

periods of time. The organism is thought to sample input information 

in intervals of 1/3 sec. Thus when one unit of information representing 

the first stimulus arrives during one sampling period and a second 

unit of information arrives during the following sample, the response 

to the second must be delayed as the organism does not recognize its 

presence until the next sensory sample. The principal proponent of 

this theory has been Broadbent (1956). 

Of these theoretical positions, that of Davis leads most 

directly into the research topic of this paper. The series of studies 

by Davis were designed to test the concepts of the single channel 

limitation to data processing and the refractory period of that 

channel following input. In Davis's first study a method similar to 

that of Telford was used. An illuminated paper band with holes 

punched at various places was presented at a slit through which S 

first received a warning spot followed by a pair of spots of light. 

The interval of time separating the first light spot in a pair from 

the second was varied from 0.05 to 1.00 sec. S was to respond to each 



spot as soon as possible by pressing a finger key with one hand for 

the first spot and the other hand for the second spot. As a control, 

some Ss responded with two fingers of the same hand. In either case, 

Ss were highly practiced before data were recorded. Davis noted that 

when the interval between the first stimulus (St^) and the second 

(St2) was less than 0.25 sec., the response to St£ was longer than 

the average for the response to St^. This was true for both methods 

of responding. Second, when the interval between stimuli was greater 

than 0.25 sec. Rt2 was as fast as Rt^. Third, as the interval between 

St^ and St2 increased in 0.05 steps from 0.05 to 0.25 sec., the delay 

to St 2 decreased in 0.05 sec. steps. These results led Davis to 

conclude that the refractory period was about 0.25 sec. and not 0.5 

sec. as Vince and Telford had suggested. 

The relationship between the latency of the second response 

and the interval between stimuli is illustrated in Fig. 1. Whenever 

the interval between St2. and St2 is less than that for a normal reaction 

to a single stimulus (Rtn), the predicted value for Rt2 will equal 

Rtn + x, x being the difference between the interval between stimuli 

and Rtn. The data obtained by Davis in his 1956 study fit this 

hypothesis very closely. 

In his 1957 study, Davis attempted to apply the above hypothesis 

to a situation in which the first and second stimuli were received by 

different sense modalities. This change was made to see if the human 

operator, with separate channels for sensory input, could perform as 

if he had dual channels for processing data. A neon light and a click 



Fig. 1 

Davis's hypothetical refractory period to St2 
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presented by earphones were used as stimuli. The click always pre

ceded the light. Intervals of time between the click and light were 

similar to those of the 1956 study. The results of this study are 

consistant with Davis's original hypothesis of a single channel 

capacity; that is, a presentation of stimuli to two, rather than a 

single modality, did not reduce delays in response to St 2 where the 

intervals between St^ and St2 were short. 

One difference was found. As the interval between Stand 

St2 was increased in 50 msec, steps, the time required for response to 

the second stimulus also decreased in 50 msec, steps- but in order to 

predict the time of the response it was necessary to add to X an 

additional 50 msec. This additional delay was attributed to the time 

required to shift attention from the auditory signal, which came 

first, to the visual signal. 

Davis's 1959 study differs from the 1957 study in that Ss 

were required to respond only to the second of a stimulus pair. In 

this study, the order of light and click were reversed so that the 

light always came first. Even when S did not respond manually to St]_, 

his response to St2 was delayed somewhat. From this fact Davis con

cluded that the delay of response to the second signal was caused 

primarily by attention to the first. 

No matter which hypothesis one chooses to explain this apparent 

refractory period, the fact that the human organism is limited in his 

ability to respond without delay to stimuli presented in sequence is 

a matter of great importance. For example, Searle (1949) has used 



the hypothesis that the refractory period extends for 0.5 sec. to 

aid in the construction of devices which would aid the human operator 

in tracking tasks. His results were very favorable to the theory of 

a 0.5 sec. refractory period. The thinking subsequent to this work, 

however, has tended to accept this 0.5 sec. period as an ultimate 

truth which could serve as a guide to prediction of all human per

formance. 

Some recent evidence by Bartlett, Eason and White (1961) 

suggests that under some conditions it may be possible to alter the 

length o£ the refractory period. Under special circumstances, they 

feel that incoming signals to the organism may compete for entry into 

a single channel. If the second signal is able to enter the system in 

the presence of the first, a response could be made which would not 

show delay. Thus with training it is conceivable that a subject might 

be able to select from near simultaneous inputs the most important 

signal of a complex and thus short-cut or avoid a response initiated 

to a first, unimportant signal in that complex. 

The purpose of the following investigations is to determine 

if the length for the refractory period suggested by Davis would 

account for performance when both stimulus and response were much more 

complex than has yet been investigated. An attempt is also made to 

determine if S can change his response pattern to the first stimulus 

when a second stimulus which is of greater importance is presented. 



CHAPTER II 

METHOD OF INVESTIGATION 

Subjects. Four Ss, two male and two female, were chosen 

from a group of applicants on the basis of tests indicating that 

they were free from pertinent visual defects. These tests included 

tests of acuity and phorias with a standard Bausch and Lomb Ortho-

rater. Ss were also tested for defects in their peripheral vision. 

Each S was assigned an hour at which he was to report each day for 

experimentation. Ss were paid for their services. 

Apparatus. The apparatus consisted of a visual display, 

finger-operated reaction keys, a system for recording eye movements 

and reaction times, and an appropriate control system for the experi

menter (E) . 

The visual display consisted of four Burroughs Type BD200S 

Nixie Indicator Tubes and a red warning light. These Nixie tubes 

were cold-cathode, gas-filled, 0-9 digit numerical indicators. The 

warning light was placed in the center of the display, i.e., at 0 

degrees. The Nixie tubes were placed at 20 and 40 degrees right and 

left, in a semi-circular arrangement with the radius of the circle 

being 5 feet. A flat grey background was mounted behind the lights to 

eliminate glare and reduce attention-demanding extraneous stimuli. 

The display system was placed at eye level to the subject who 

was seated. The display and the seated S were located in an electrically 

14 



shielded and sound-deadened room. S's chair was constructed with a 

head support which prevented head movement and was located so that 

his eyes would be at a distance of 5 feet from each light in the 

display. During testing, all lights in the shielded room except the 

stimulus lights were extinguished. The only light in the shielded 

room came from a small one-way window located behind and to the left 

of S. After a few seconds of adaptation S could easily see the 

location of the entire display; and because reactions were not 

recorded for several minutes after he was seated, it is reasonable 

to assume he was appropriately visually adapted to the lighting con

ditions. 

S's reaction keys were a specially constructed four-finger 

control device. Each key was connected to a microswitch which could 

be individually adjusted with regard to position and with regard to 

the length of travel before the electrical contact was closed. With 

such adjustment, travel before activation of the microswitch was kept 

in the range from 0.5 to 1.0 mm. The operating force sufficient for 

each key was approximately three ounces. 

Eye Movement Recording. Successful recording of eye movements 

with a minimum of noise, drift, and other artifacts is highly dependent 

on the quality of electrodes and the preparation of S before the 

electrodes are applied. In this case, small "hat type" chlorided 

electrodes were used. Once chlorided, the silver electrodes were never 

handled with the fingers but were always manipulated with the aid of 

clean stainless steel forceps. When not in use, the electrodes were 



stored in the dark in a saturated NaCl solution. Great care was used 

in preparing S prior to electrode application. First the area of 

application was rubbed with an electrode jelly which contained some 

abrasive. This process cleansed the skin of dirt and oils, removed 

excess dry skin and yet was gentle enough to prevent excessive 

abrasion of the skin. The residue of the above operation was then 

removed with alcohol and the skin left somewhat dry. A drop of 

electrode jelly was squeezed into the electrode which was then attached 

to a 1" x 4" strip of plastic tape. The tape was stretched and applied 

with the electrode to the skin. Such preparation resulted in tight 

fitting contact which gave a minimum of noise and drift. Most pre

parations lasted the full hour with some small drift due to Galvanic 

Skin Response and a mechanical loosening of the electrode from the 

skin. 

Four stages of amplification were used to build up the signal 

sufficiently to power an ink-writing recorder. The preamplifier was 

a battery-powered, transistorized unit of local design, and was placed 

inside the shielded room. Output from the preamplifier was fed through 

shielded cable to a Kin-Tel Model 111BF amplifier with a 20 to 1000 

gain control. Output from this amplifier was then fed into a Massa 

260 recorder which contained two stages of amplification. This system 

was highly satisfactory and was capable of reproducing a one micro

volt signal without undue noise and distortion. The system was 

adjusted so that a 20 degree eye movement produced a vertical change 

of 1 cm. in the inked record. 
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E*s control system consisted of two parallel sets of gang 

switches which made possible a selection of any pair of stimulus 

lights. Any one of four numerals could be placed in each stimulus 

light on S's display. A Hunter Model D Interval Timer controlled 

the interval between the onset of the first and second stimulus lights 

in each pair. With the interval timer set at 0 the second signal 

lagged behind the first by 5 to 10 msec. Two Standard Electric Model 

S-l timers reading in 1/100 sec. recorded S's reaction time to each 

stimulus light. 

Procedure. In order to insure reliability of S's performance, 

each was given extensive training in a task similar to that of the 

experimental situation before experimental data were recorded. At 

each session S was seated in the chair facing the visual display and 

his head secured to prevent movement. The room was darkened and S 

allowed from five to ten minutes to adapt. At the beginning of each 

trial E gave a verbal "Ready" through an intercommunication system. 

This signal was followed by the onset of the red warning light at the 

center of S's display, to which he was instructed to fixate. After a 

variable 1 to 3 sec. foreperiod, E pressed a button closing a latching 

relay which turned on the first stimulus light, the first standard 

timer and the Hunter interval timer. At the end of the programmed 

interval, the Hunter timer closed a second latching relay which turned 

on the second light of the visual display and started the second 

standard timer. Each stimulus light contained one of the pre

programmed numerals (1, 2, 3, 4) which corresponded to S's four 
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response keys. If S responded correctly by striking the appropriate 

key, the light was extinguished and the appropriate timer stopped. 

Experimental Design. The study was divided into three 

separate experimental conditions, hereafter referred to as Experiment 

I, Experiment II, and Experiment III. Experimental conditions were 

presented in the following order to all Ss: Experiment I, two days; 

Experiment II, two days; Experiment III, two days. After a few days 

the conditions were then repeated; however, the order of presentation 

was reversed so that Experiment III occupied the first two days, and 

Experiment I, the last two. 

Before data were taken, Ss were highly trained. This training 

consisted of 21 days of practice in a task similar to that to be 

described in Experimental Condition I, each day consisting of 120 

pairs of stimuli. After this training, changes in S's performance due 

to further practice were not observable. 



CHAPTER III 

EXPERIMENT I 

Design. Ss were presented pairs of lights separated by various 

intervals. The first light of a pair could assume any of the four 

positions on the display, the second light any of the remaining three. 

The first light could present any of the four numerals 1, 2, 3, or 4, 

and the second any of the remaining three. There were thus twelve 

possible light and twelve possible numeral combinations. There were 

ten possible intervals separating each pair of lights: 0, 75, 150, 

200, 250, 300, 375, 500, 700 and 1000 msec. Each of the twelve 

possible light combinations was presented once with each possible 

interval, making 120 possible light-interval combinations. During 

each experimental session 60 pairs of light-interval combinations 

were presented. Combinations were randomized, with one-half of the 

combinations utilized during the first day and one-half the second day. 

Eye movements were recorded for odd numbered trials on day one and 

even numbered trials on day two. 

S's Task. S was instructed to respond to each signal as soon 

as he was able to do so. When intervals separating lights were long 

(700, 1000 msec.), it was possible that S may have completed his 

response to the first stimulus; therefore, Ss were instructed to always 

remain fixated on the first stimulus (St^) until the second stimulus 

(St2) appeared. Of course Ss were not informed as to the interval 

19 
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between such stimuli. Records were made of all response times to 

either light regardless of whether eye movements were recorded. 

Results. Table I shows the eye-movement latencies of each 

of the four Ss to the first stimulus in each pair. Eye-movement 

latency (hereafter referred to only as latency) was defined as the 

time between the onset of the first stimulus and the beginning of eye 

movement toward that stimulus. From the inked records it was possible 

to read this time to the nearest hundredth-second. Table II gives the 

mean times for eye movement (hereafter referred to as movement) to the 

first stimulus. Movement time was defined as that time from the end 

of the latency period until the eyes had achieved fixation on the 

first stimulus. This duration included corrections for false stops, 

as well as corrections for small overshooting and undershooting of the 

stimulus. Corrections for false stops were rare, but occurred occasion

ally when S*s eyes stopped at 20 degrees with the 40-degree light 

illuminated. 

Table III presents the mean response time for each S to the 

first light of each pair and represents the time, as measured by the 

Standard timer, from the onset of St-^ to the correct response. It 

should be noted that only correct responses were recorded. If an 

error in the finger response occurred, it was noted and that pair of 

stimuli was presented again later in the sequence. In order to 

separate the factors of latency and movement from the response time, 

time required for latency and movement was subtracted from each 

response. These results were then separated into four categories 
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TABLE I 

MEAN LATENCIES (IN SECONDS) 

TO RESPOND TO THE FIRST SIGNAL OF A PAIR 

20° ECCENTRICITY 40° ECCENTRICITY 
S MEAN S.D. MEAN S.D. 

L.A. 0.181 0.041 0.198 0.071 

T.B. 0.240 0.073 0.279 0.093 

L.C. 0.207 0.050 0.215 0.061 

D.R. 0.180 0.047 0.208 0.048 

TABLE II 

MEAN EYE MOVEMENT TIME AND STANDARD DEVIATIONS (IN SECONDS) 

TO THE FIRST SIGNAL OF A PAIR 

20° ECCENTRICITY 40° ECCENTRICITY 
S MEAN S.D. MEAN S.D. 

L. A. 0.079 0.024 0.130 0.031 

T.B. 0.075 0.041 0.175 0.081 

L.C. 0.075 0.015 0.150 0.043 

D.R. 0.076 0.036 0.124 0.047 
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TABLE III 

MEAN RESPONSE TIME (IN SECONDS) 

TO THE FIRST SIGNAL OF A PAIR 

20° ECCENTRICITY 40° ECCENTRICITY 
S MEAN S.D. MEAN S.D. 

L.A. 0.79 0.14 0.89 0.17 

T.B. 0.93 0.20 1.04 0.11 

L.C. 0.82 0.14 0.94 0.15 

D.R. 0.86 0.14 1.04 0.16 

TABLE IV 

RT^ - (Lat^ + Mov-^) 

TO EACH NUMERAL OF THE FIRST LIGHT IN A PAIR 

NUMERAL 1 NUMERAL 2 NUMERAL 3 NUMERAL 4 
S MEAN S.D. MEAN S.D. MEAN S.D. MEAN S.D. 

L.A. 0.53 0.19 0.53 0.18 0.54 0.16 0.51 0.08 

T.B. 0.50 0.12 0.61 0.11 0.65 0.12 0.64 0.22 

L.C. 0.46 0.09 ' 0.62 0.14 0.54 0.18 0.58 0.11 

D.R. 0.60 0.12 0.71 0.17 0.61 0.15 0.64 0.13 
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corresponding to the four numerals presented in the stimulus light. 

Table IV gives the results of this breakdown. 

While these data showed that there was no statistically 

significant difference between reaction times to the numerals, as 

indicated by Kolmogorov-Srairnov test for difference in the statis

tical distributions, there was some reason to suspect that a small 

difference did exist. Because Experiment I occupied the first and 

last two days of testing, it was thought that Experiment II, in which 

S responded exclusively to the numeral 1 might cause some practice 

effect for numeral 1. For this reason the raw response data for all 

four Ss were pooled and an analysis of variance performed on the 

results. Raw data were used for the analysis because the eye-movement 

data were recorded for only a sample of the total population of 

responses; the data for raw response times existed in much greater 

number and, therefore, should be more reliable. The analysis of 

variance for the raw data yielded the following results. For stimuli 

at 20 degrees, the statistical test showed that the higher speed for 

digit 1 is reliable (P ^O.Ol). There was no significance indicated 

for the differences between responses to 2, 3, and 4. For stimuli at 

40 degrees the faster reactions to 1 and 4 than to 2 and 3 were also 

significant (P <C0.01). There was no significance to the apparent 

difference between 1 and 4, or between 2 and 3. Reasons for the 

difference in the faster response to 1 and 4 when compared to 2 and 3 

are attributable to the following factors: ease in correctly mani

pulating fingers one and four, more ready discrimination of the angular 



digits 1 and 4 than the circular 2 and 3, and increased practice with 

the first finger. Because of the subjective report that the angular 

1 and 4 were easier to read than the circular 2 and 3, an attempt was 

made to compare time on target for each of the four numerals to deter

mine if a perceptual difference could be demonstrated. Time on 

target was defined for short intervals (intervals < 250 msec.) as 

the time after the eyes stabilized on St-^ until they started to move 

toward St2» No significant difference was found between on-target 

times for the four numerals. 

In order to make comparisons with existing theory, it was 

necessary to determine a "normal" reaction to the first stimulus. 

Fig. 2 shows the results of this attempt represented in cumulative 

response times for each of the components of the response. In this 

display are shown the means of the pooled Ss for all responses. 

Response time in Fig. 2 represents the remainder of a subtraction of 

latency, movement, and on-target time from the raw response time. 

Analysis of the second response is much more difficult than 

the first. While sufficient data are presented from the first light 

of a pair to establish latencies for 20 and 40 degree movements, data 

on 60 and 80 degree movements to the second light are confounded by 

the effects of the interval between stimuli. It was thought that an 

examination of movements of 60 and 80 degrees would be possible if 

one were to consider only the data for long intervals, such as 700 and 

1000 msec. From the earlier work reported in the introduction, one 

might suppose the effects of the reaction to the first stimulus should 



Fig. 2 

Response components to the first signal in a pair as a function of 
degrees eccentricity 
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not interfere with the reaction to the second with intervals of this 

length. However, an examination of the data showed some interaction 

between latency to movement and the degree of displacement even at 

these intervals. Actual data were further contaminated by the fact 

that Ss sometimes made anticipatory movements to the second signal 

when signals were separated by long intervals. 

Actual movement time to the second stimulus was easily 

obtained. It was assumed that movement time would be unaffected by 

the interval between stimuli. Fig. 3 shows the effect of degree of 

separation of stimuli on movement time. While these data present 

movement time as an almost linear function of degree of separation, 

it must be noted that movements defined here represent corrections 

for eye-movement errors, and therefore these data probably are not 

comparable with other data on eye movements. For example; White, 

Eason and Bartlett (1961) note that there is a difference between 

eye movement velocity of outward excursions of the eye as opposed to 

inward excursions. Forty, sixty and eighty degree movements here are 

single sweeps representing inward excursions to 0 degrees followed by 

outward excursions to the peripheral stimulus. 

To illustrate a relationship in time between the components 

of the first response and components of the response to the second 

stimulus, Fig. 4 is presented. To arrive at values for the various 

components of each response the following procedure was used. For 

movements and latencies to the first stimulus all values for 20 and 40 

degrees were averaged for all Ss. Time on target indicates the time 



Fig. 3 

Eye movement time as a function of degrees of movement required 
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Fig. 4 

Response components to the second light of a pair when manual (finger) 
response is also made to the first light 
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from fixation of the eyes on St^ until movement toward St2 and was 

averaged for all cases in which the interval between stimuli was less 

than or equal to 250 msec. Values for the termination of the first 

response represent values read from the Standard timer. For the first 

stimulus these values represent a mean for all Ss, all intervals and 

all responses regardless of whether eye movements were recorded. 

Values for latency and movement to the second stimulus were averaged 

for all degrees of movement: 20, 40, 60, 80 degrees for each interval. 

Results for the second response with intervals up to 500 msec, are 

given in Fig. 5. Beyond 500 msec, responses to the second stimulus 

appear much like responses to the first. As seen from this figure, 

initiation of eye movement to St2 as well as completion of the response 

is remarkably consistent despite the fact that the interval between 

stimuli is changing. This consistency appears possible because 

initiation of eye movement to the second stimulus is controlled by 

the time required to complete certain phases of the response to the 

first signal. Thus it can be said that S is refractory to the second 

signal until he has completed some phase of his response to the first. 

This suggests that S had to store information about the location of 

the second stimulus until a hypothetical single channel mechanism, 

which was then occupied with the first stimulus, was cleared. The 

limitation of speed of response to the second stimulus is the length 

of the latent period required to shift the eyes to a new stimulus. 

Fig. 5 shows this relationship. 



Fig. 5 

Comparison in time of response components to St£ with response 
components to St^ as a function of the interval between stimuli 



30 

\/ / 'A 
'  LAT. /  's S /< ST, ON TARGET JRESR 

RESPONSE MOV. 

75/ 

150 

200 

250 

00 

375 

500 

0 

TIME FROM ONSET OF ST, (0.1 SEC) 



31 

With this assumption of a hypothetical single channel mechanism 

it is of interest to attempt to determine the sequence with which the 

two signals are processed, and the length of the refractory period of 

the hypothetical decision mechanism. 

Referring to Fig. 6 it can be seen that some phases of the 

processing of the first stimulus overlap processing of the second. 

This makes it necessary to qualify the hypothesis proposed by Davis 

(1956) which states that the refractory period is roughly equal to the 

time required to process the first stimulus. Since eye movement toward 

the second stimulus is the first visible indication that the organism 

has started to process the second signal, we must make some assump

tions about the actual time at which the decision mechanism became 

cleared of the first response. It would seem that two possible 

assumptions exist concerning this time. The first set of assumptions 

may be viewed as follows. S becomes aware of the presence and 

location of a second signal as soon as it appears. This information 

is then stored until the single channel decision mechanism is clear, 

at which time it enters, and eye movement to the second signal occurs 

without a significant latent period. Referring to Fig. 6 this time 

would be at D* and yields values of a refractory period equalling about 

750 msec. A second set of assumptions would be that information 

concerning the onset and location of the second stimulus enters the 

decision mechanism at point C' and that eye movements from this point 

have a latent period roughly equal to an expected latency assuming no 

first signal had occurred, or about 220 msec. 



Fig. 6 

Theoretical time for the refractory period and order involved in 
processing St} and St2 
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The evidence seems to favor the second set of assumptions. 

Referring to Fig. 6 we see that the total response time to the 

first stimulus is about 930 msec. Once the hypothetical single-

channel mechanism is clear it is reasonable to assume that S could 

process a second signal in roughly the same time as required for the 

first. If we use the first set of assumptions, we find that the second 

response requires only about 750 msec., or is faster than the first. 

Using the second set of assumptions we see that the second response 

requires about 940 msec, which is comparable to that of the response 

to the first stimulus. 

It is now tempting to propose the sequence of overlapping 

phases by which the components of the response are handled, assuming 

again a single channel hypothesis. One possibility is the following: 

a. Recognition of the location of the first stimulus 

b. Command to move eyes to that stimulus 

c. Recognition of information contained in the first signal 

d. Reception of the information as to location of the second 

stimulus 

e. Command of eye movement to that stimulus 

f. Command for finger response to the first stimulus 

g. Recognition of information in second stimulus 

h. Command for finger response to the second stimulus 

This sequence is assumed only for signals separated by intervals of 

250 msec, or less. Beyond this time f. is assumed to precede e. in 

many cases. 
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A second hypothetical sequence is similar to the first to 

point d. At this time it can be assumed that information from the 

first signal is combined with the location information of the second 

signal and thereafter both eye movement to the second stimulus and 

finger response to the first are carried out simultaneously. 

Referring to Fig. 5, it can be seen that initiation of eye movement 

to the second signal precedes finger response to the first up to 

intervals of 700 msec. 

Two factors favor acceptance of the second sequence. First 

of all, Ss in this experiment were found to require between 400-550 

msec, to respond to a single signal which required no eye movements. 

If we assume the first sequence is correct, S at point D' begins to 

process the signal, the termination of which comes about 170 msec. 

later. While this time is not unreasonable for simple reactions, it 

is too short for a four-choice reaction. It is possible, however, to 

assume that at phase D, S organizes the response and stores this 

organization until the time represented by D' in Fig. 6, at which time 

it acts as a simple reaction; but this seems to overly complicate the 

process. Second, the results of Experiment III seem to indicate a 

combined eye movement to the second signal with a finger response to 

both signals occurs in many cases. It must be admitted that there 

could be other possible assumptions, including some which would not 

favor the hypothesis of a single channel mechanism. 

With the interpretations that have been given thus far it now 

seems necessary to clarify this interpretation of the hypothetical 



single channel decision mechanism. It is proposed that this mechanism 

operates somewhat like a gating system. Incoming inputs entering 

this mechanism cause the gate to be closed. This system is then 

refractory to all inputs until information contained in the inputs 

is processed to some degree. At this time, the gate is opened to 

receive new input information which is either just arriving or has 

been stored during the refractory period. It is to be emphasized 

that it is not assumed that the system can handle only one unit of 

information at a time, but rather that it may receive and process 

simultaneously more than one unit of information if, and only if, it 

enters the mechanism simultaneously, or with very short intervals, 

probably less than 50 msec. Once the gate is closed, however, it is 

assumed that the system remains totally refractory until it is clear. 

For more complex inputs, processing time for the system may vary; 

thus the refractory period could be said to depend upon the type of 

inputs involved. In this sense, this system is somewhat like that 

proposed by Broadbent. For a discussion of Broadbent's thesis, the 

reader is referred to Broadbent (1958). 

Using the conceptual model just introduced, we can compare 

the data to our theory concerning the length of the refractory period. 

Referring to Fig. 6, time A is the refractory period and is assumed 

as a constant for all cases in which the interval between stimuli is 

not greater than 500 msec. Thus to predict eye movement latencies to 

St2, we add to a normal eye movement latency (220 msec.) the amount of 

time which St2 encroaches upon the refractory period of St]_ (560 msec.), 
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or 560 less the interval between St^ and St2» Fig. 7 gives the result 

of this procedure. 

It is apparent that this process overestimates the value for 

the refractory period. A much closer fit of the data could be 

obtained if 30 msec, is subtracted from the 560 msec, value hypothe

sized for the refractory period. 

To predict values for the second response using the Davis-

Welford refractory period, one adds the normal time for Rt^ to the 

normal time for Rt2 and subtracts the interval between St^ and St2« 

This theoretical curve is given by the solid line in Fig. 8. Normal 

response times to St2 were obtained by averaging responses at inter-

stimulus intervals of 700 and 1000 msec, under the assumption that 

Rt2 would be unaffected by a prior response to St^ at these intervals. 

It is apparent that the data do not follow this first hypo

thetical curve. The reason for this, as was explained before, is 

that processing of the first stimulus overlaps the processing of the 

second. In order to arrive at a hypothetical curve which would 

reflect this overlap, the length of time required to respond to the 

first stimulus was assigned the hypothesized refractory period shown 

in Fig. 6, or 560 msec. To arrive at values for the response time to 

the second stimulus, the average response time for the second response, 

920 msec., is added to the hypothesized 560 msec, refractory period 

and the interval between stimuli subtracted. This gives the hypothe

tical curve also shown by the broken line in Fig. 8. As it can be 

seen, this procedure gives a very adequate fit of the actual data, 



Fig. 7 

Application of theory to the eye movement latency to St2 
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Fig. 8 

Application of Davis's hypothesis (solid line) and May and Bartlett 
hypothesis (broken line) to data for finger responses 
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thus lending further support to assumptions made about the length of 

the refractory period. 

Latency to eye movement and time required for eye movement was 

subtracted from each response to St^ and St2« The remaining time 

required to complete the response to St^ and St2 was compared as a 

function of the interval between stimuli. Fig. 9 shows this comparison. 

It can be seen that the time remaining from this operation is unaffected 

by the interval between stimuli, thus the first response does not 

interfer with the response to the second if the time from the point at 

which the eye fixates on each stimulus is compared. 

A final comment about variation seems in order. Differences 

between Ss was about the same as the differences existing within Ss. 

The standard deviation for raw responses were about 180 msec, for 

each S, but combined values showed standard deviation of 170 msec. 

Variations of eye-movement latencies for the group ranged from 30 to 

80 msec.; of eye movements, from 15 to 40 msec. 

The length of the psychological refractory period was also 

found to vary between Ss. Plotting latencies of eye movement to the 

second stimulus by interval between stimuli showed that Ss numbers 1, 

3, and 4 did not significantly differ from each other. S number 2 

exhibited higher values than the other Ss; however, his data fit the 

same functions if his values were shifted along the abscissa, i.e., 

along the scale corresponding to the intervals. This finding is 

consistent with the view that this S had a longer refractory period. 



Fig. 9 

Comparisons of responses to the first and second stimuli of each pair 
when eye movement and eye-movement latency have been subtracted from 
each raw response 
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CHAPTER IV 

EXPERIMENT II 

The purpose of this experiment was to determine if any phase 

of the first response could be modified by a second stimulus which 

appeared shortly after the first. If it is possible for a second 

stimulus to "override" the processing of the first at any phase, it 

would seriously challenge the concept of a psychological refractory 

period. There is some evidence (Bartlett, Eason & White, 1961) 

that under certain conditions a second signal may override the first. 

Bartlett and his co-workers found that if a second visual signal 

appeared shortly after the first in a position intermediate to the 

original fixation point and the first stimulus, S sometimes was able 

to arrest ocular movement to the first and stop on the second. This 

would indicate that the hypothetical single channel system was not 

always totally refractory, for if it were a second signal could not 

override the first and thus modify the eye movement to the first. 

It is thought that weaknesses exist in the Bartlett, Eason & 

White study just mentioned which make the interpretations of the data 

somewhat inconclusive. With regard to the omissions of responses to 

a first signal, a few comments seem to be justified. 

Eye movement latencies in the Bartlett, Easnn & White study 

appear to be much longer than those given in the present study, but 

these differences may be due to differences in experimental conditions. 
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Because of the differences in eye-movement latencies to signals 

presented 20° and 40° from the center line of regard, the present 

author assumes that differences exist in arrival times of the neural 

signal to central mechanisms; that is, that signals presented at 20° 

arrive sooner than signals presented at 40°. 

In most cases of omission presented by Bartlett and his co

workers the second signal appeared medial to the first. It is there

fore reasonable to assume that since very brief intervals existed 

between the arrival of neural signals at the cortex, S may have formed 

a prior mental set to ignore the first signal, and thus unconsciously 

delayed his response of eye movement to the first stimulus. This would 

allow the single channel to process the second. Such a procedure may 

account for some of the cases in which the first signal was said to 

have been overridden by the second. 

A second point is that S was not compelled to achieve fixation 

on the first stimulus. S therefore could unconsciously look in the 

direction of the first stimulus as though he were unwittingly hypo

thesizing that the second signal might appear in an intermediate 

position to the first. This behavior would appear as if some modifi

cation had actually occurred to the first eye movement. 

A third point concerns the actual latency reported for these 

so-called omissions. The reported latencies are averages of responses 

classified as omissions. It is therefore difficult to tell, when 

omissions occurred, if the latencies to the second signal approximated 

a normal eye-movement latency, or if the distribution of latencies to 
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it was bi-raodal or even multi-modal. They might represent more than 

one means by which response to the first signal was eliminated. 

In the present study we will be able to compare all eye 

movements to the stimulus with those of Experiment I and thus see if 

S is waiting even a short time before committing himself for the first 

eye movement. An attempt will also be made to assess the importance 

of the other possibilities in explanation of the results presented by 

Bartlett, Eason & White (1961). 

Apparatus and Ss. The apparatus and Ss used in this experi

ment were the same as used in Experiment I. 

The S* s Task. Ss were instructed that the experimenter wished 

to know how fast they could respond to a danger signal. The numeral 

"1" appearing in any light was designated as that danger signal, 

and was the only numeral which called for a manual response. The 

procedure for presenting each pair of lights was the same as that used 

in the first experiment. Any one of the four lights could be the first 

stimulus and any of the remaining three the second stimulus. The 

first light presented some one of the four numerals, 1, 2, 3, 4, and 

the second any one of the remaining three. In this experiment the 

number combinations for each pair of lights was modified from a random 

pairing so that in 15% of the cases the first light of a pair contained 

the danger signal, 40% of the second lights in a pair contained the 

danger signal and in the remaining cases neither light contained the 

danger signal. Inter-stimulus intervals were 0, 150, 200, 250, 375, 

and 500 msec. Light position numeral and interval combinations were 

randomly determined by assigning each combination a number and then 
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selecting their order from a table of random numbers. Each S 

responded during four sessions, each of which entailed 60 pairs of 

lights. Eye movements for all cases in which the danger signal 

appeared were recorded, and a random sample of pairs which contained 

no danger signal was also recorded. Ss were unaware that only a 

sample of the eye movements were recorded. 

Results and Discussion. Fig. 10 gives eye-movement latencies, 

eye-movement time and time on target for the first signal of a pair. 

Time on target, as defined in Experiment I, represented those cases 

in which the first light did not contain a danger signal, and the 

interval between lights was less than or equal to 250 msec. 

An examination will show that there are no significant 

differences in latency, movement, and time on target from similar 

values obtained in the first experiment. Response time is, however, 

somewhat shorter because this experiment required a single choice 

finger response, whereas the first experiment required a four-choice 

response. 

Fig. 11 shows the latency of eye movement to the second signal 

of a pair. The shape and values of this function are very similar to 

those obtained in the first experiment. This is of interest as Ss in 

Experiment I were required to make a manual response to the first 

stimulus while no manual response was made in Experiment II. It can 

therefore be said that the requirement of a manual response is not 

a major factor in determining the eye-movement latency to the second 

stimulus, and therefore of the refractory period. 



Fig. 10 

Components of response to the first stimulus of a pair as a function 
of degrees eccentricity 
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Fig. 11 

Eye-movement latency to St£ when no manual (finger) response was 
required to St^ 
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Fig. 12 gives a breakdown of the various components of the 

response, comparing the effect of the interval on the second response. 

A delay in eye-movement latencies to the second stimulus is apparent 

at intervals beyond 375 msec. Even though S knew that the second 

signal might be the danger signal, he remained refractory to it for 

some time. A value for this refractory period was obtained in the 

same manner as in Experiment 1. It was found to be 500 msec. 

It is interesting to note the amount of time required to 

process the stimulus once the eyes have arrived at the stimulus 

light. In all eye-movement recordings the latency to the second 

stimulus plus the movement to that stimulus was subtracted from the 

raw reaction time. As in Experiment I, there is no significant 

difference between Rt£ - (Lat2 + M0V2) an^ ̂fcl " (^atl + Mov]_) in 

spite of the fact that the second light contained danger signals 407» 

of the time while the first light contained danger signals only 157« 

of the time. The response time seems quite long for simple disjunctive 

reactions, but is consistent with the times found by Bartz (1961) for 

a similar reaction. Bartz noted that there seemed to be some loss of 

time due to a "hunting" of the eyes for the stimulus once they had 

arrived at the approximate location. It is also to be noted that 

there probably is some temporary loss in visual acuity due to the rapid 

excursion of the eyes to the target area. It apparently takes some 

time for the eye to adjust once it has stopped. 

The fact that S had to fixate upon each of the successive 

stimuli creates some difficulties in a test of the refractory period. 



Fig. 12 

Response components to St2 when St2 presented a danger signal 



400 

200 

1000-

o 

£ 800 

> 
o 

£ 600 
»-
< 
_1 

—- Legend: 

—•— Response 

O— Eye movement 

A Latency 

400 

200 

200 250 

INTERVAL (MSEC) 

375 500 75 150 



Since S did not know if the first or second light would contain the 

danger signal, he had no reason to attempt to modify his first eye 

movement when a signal appeared; therefore, one cannot say if the 

organism was or was not refractory to the second stimulus. By locating 

the lights at 20 and 40 degrees on either side of the fixation point, 

it was necessary for S to move his eyes to the stimulus light before 

he could recognize the numeral it contained. There were many 

instances in which the second light appeared between the first light 

and the fixation point. When intervals were 0, 75, 150 msec., and in 

some cases 200 msec., the second light appeared before eye movement 

had occurred. To stimuli at intervals of 200 and 250 msec, the second 

signal often appeared during eye movement. As the second signal often 

contained the danger signal, it was thought, on the basis of the 

Bartlett, Eason & White report (1961), that in some cases S might omit 

movement to St^> or he might sometimes be able to arrest eye movement 

to St^, and stop on St£ once the eyes reached this position. However, 

since S could not read numerals contained in either St-^ or St£ without 

moving his eyes, it appears that eye movement was always initiated to 

the stimuli in the order of their appearance. Ss also reported that 

they could not read the numerals in the lights which they passed over 

when the eye was in motion toward a more lateral stimulus. Even 

though the second signal did contain a larger percentage of danger 

signals, it failed to have any effect upon eye movements to the first 

stimulus. This fact in itself would tend to lend support to the 

findings of Westheimer (1954) concerning the nature of eye movements. 



He concluded from a study of saccadic eye movements that eye movement 

is not ballistic in nature. Eye movements appear to be the result 

of an organized neural pattern directed to the extra-ocular muscles 

as a unit, eye position being the result of the equalization of 

tensions exerted by these muscles. This conclusion would make ques

tionable the possibility that eye movements to the first signal could 

be arrested even if S knew the second signal was a danger signal, once 

movement to the first stimulus had been initiated. 

Due to the fact that the second light did contain a large 

percentage of danger signals, Ss often attempted to guess the location 

of the second light. This was especially true when the first light 

appeared at the 40 degree position. Ss, in these cases, often moved 

to the 20 degree position before going to the 40 degree position. In 

a few cases a second light appeared while S was at the 20 degree 

position. 

One such case provides a very interesting example of the 

situation in which the second light appeared with a danger signal. 

Fig. 13 is a scale drawing of eye movement for this case. As can be 

seen, the eye-movement latency to the first signal was unusually long. 

It appears, therefore, that S might have been unconsciously waiting for 

the second signal. The first movement was to the 20 degree position, 

which at this time did not contain any signal. While S's eyes were at 

the 20° position, the second light appeared at this position containing 

the danger signal. S failed to remain at this signal, moving on to 

the location of the. first light. His eyes remained at this point for 



Fig. 13 

Scale drawing of an eye-movement record to a danger signal present 
in St2> showing the consequence of an anticipation error 
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an unusually long tine before returning to the 20 degree position. 

Indeed one may ask if S saw the second light at all. For if he did, 

why did he not immediately return to it after noting the first light 

contained no danger signal? 



CHAPTER V 

EXPERIMENT III 

The purpose of Experiment III was to determine the impor

tance of a decision concerning the information contained in the first 

signal and its resultant effect upon the latency of eye movement 

toward the second signal. In Experiments I and II, S was required to 

make some decision about making a finger response once his eyes had 

reached the first light and before he could move his eyes to the 

second light. In Experiment III, S was only required to recognize 

the first light before going on to the second. It was hypothesized 

that a decision concerning the necessity of immediate motor response 

affects the length of the psychological refractory period. 

Apparatus and Ss. The apparatus and Ss were the same as in 

the previous experiments. In this experiment, Ss were instructed 

that the lights would be presented in pairs as before. Their task 

was to look at the first light and then at the second. As soon as 

they recognized which numeral had appeared in each light, they were 

to press a key which would extinguish both lights. After pressing 

the key they x^ere to call out the numbers in the order in which they 

had appeared. As Ss often attempted to anticipate the second light 

when it followed the first after intervals of 500 to 1000 msec., they 

were cautioned to be sure they did not move their eyes from the first 

signal until they knew a second had appeared. 
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Experimental Design. As in previous experiments, there were 

twelve possible light combinations for each pair. In this experiment 

any one of the four numbers was presented in either light of the pair, 

thus there were sixteen possible number combinations for each pair of 

lights. Intervals separating pairs of lights were 0, 75, 150, 200, 

250, 300, 375, 500, 700, and 1000 msec. Light, number, and interval 

combinations were randomized in groups of 60 pairs of lights. Four 

sessions of 60 pairs were presented to each S. Eye movements were 

sampled in each session. 

Results and Discussion. Eye-movement latencies and eye move

ment times to the first stimuli were not significantly different 

from those recorded in previous experiments. Time on the first 

target, however, was about 100 msec, less than in Experiment II 

(410 for Experiment II to 305 for Experiment III). The magnitude of 

this difference was unexpected, as in Experiment II eye movement to 

the second signal when the first did not contain a danger signal, was 

essentially the same task as Experiment III, The difference is assumed 

to be due to the following factors. In Experiment II the Ss were 

required to make a manual response to the first stimulus if it was a 

danger signal. In the cases in which it was a danger signal they 

were to ignore the second signal, thus eye movement to the second 

signal could not be initiated until S had recognized the information 

in the first and made a decision concerning its meaning. This 

decision was not necessary for S in the third experiment. Another 

factor which may have lessened S's time on the first target in 



Experiment III concerns the fact that S sometimes made incorrect 

reports concerning the numeral contained in the first light; thus it 

is assumed that Ss often initiated eye movement to the second signal 

before recognition of the first was complete. This shortened time on 

Sti is reflected in the eye-movement latency to the second stimulus. 

Fig. 14 compares the eye-movement latency to St2 for Experiment III 

with that of Experiment II. 

Fig. 15 gives a breakdown of the various components of the 

second response time. It will be noted that eye movement time 

changes as a function of the interval. The reason for this change 

is that in this experiment only a small sample of the total response 

measures were recorded. As a result one interval contained a larger 

per cent of more eccentric eye movements than another. The response 

line in this figure is a representation, however, of all recorded 

responses made by the Ss in this experiment. Again it is to be noted 

that a refractory period exists. The shape of the latency and response 

curves calls for some comment. A careful examination of the eye-

movement records revealed that Ss manual response to the second signal 

often arrived an incredibly short time after the eyes had reached the 

second light. Table V shows the number of times the response occurred 

less than 140 msec, after eye movements to the signal was complete. 

This figure was chosen as being the lower limit for simple reactions 

to visual signals. Such incidents are interpreted as being cases in 

which S often initiated eye movement and finger response at the same 

time. Due to the fact that the eye movement has a shorter latency 



Fig. 14 

Comparison of eye-movement latencies in conditions which required 
recognition only of St]^ (solid line) and recognition and decision 
to Sti (broken line) before eye movement to St2 
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Fig. 15 

Response components to second signal in a pair. Response line 
represents a simple finger response upon recognition of St£ 
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TABLE V 

NUMBER OF RESPONSES REQUIRING LESS THAN 140 MSEC. 

AFTER EYE REACHED THE SECOND LIGHT OF A PAIR 

I N T E R V A L S  

S o 75 150 200 250 300 7̂_5 500 700 1000 

L.A. 522 312 11 

T.B. 1 

L.C. 1 2 1 

D.R. 463 21311 1 
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than the finger movement, S had just enough time to recognize the 

signal before it was extinguished by a prior command. In connection 

with this hypothesis it is of interest to note that Ss commented 

that they thought the lights must stay on after they had pressed the 

key to turn them off, as they thought they could press the key and 

still read them. The result of S's performance on these signals had 

a depressing effect on the mean response time for signals with shorter 

intervals. The fact that response time increases beyond 500 msec, is 

probably partly due to that fact. It is believed that instructions 

to prevent anticipated movements had an adverse effect upon eye-

movement latencies at longer intervals. Another factor enters in 

causing long reaction times at the longer intervals. Whenever 

intervals were long, S had to fixate on the first stimulus for a 

time. Since signals were fairly bright, it is hypothesized that they 

had a tendency to cause after images which probably affected the 

recognition time for the second light. Earlier it had been necessary 

to reduce the illumination of the warning light because Ss reported 

it interfered with their perception of the first light. 



CHAPTER VI 

SUMMARY AND CONCLUSIONS 

Four Ss, two male and two female, were selected from a 

population found to be free of pertinent visual defects. Each S 

was highly trained before participating in three experimental con

ditions. In each condition, pairs of Nixie Numerical Indicator Tubes, 

were presented on a visual display arranged so that lights were 20 

and 40 degrees from the center line of regard. Various intervals of 

time separated the onset of each of the pairs of Nixies. Each 

Nixie presented any one of four numerals. Eye movements were recorded 

in each experimental condition and analyzed in relation to manual 

responses required of Ss. 

The first experimental condition was a direct test of the 

hypothesis that when pairs of stimuli are presented to an S who is to 

respond to both stimuli, the response to the second will be delayed 

if it occurs during the interval of time required to respond to the 

first stimulus. This delay, according to the hypothesis, should be 

equal to the time required for a response to the first signal plus 

the amount of time which the second stimulus encroaches upon the 

response time for the first. 

Evidence from this experiment shows that this hypothesis must 

be modified if it is to account for response times to complex stimuli 

to which the response cannot be anticipated. When the response to 
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the first stimulus can be psychologically broken into parts, phases 

of the processing of the first and second stimuli can be overlapped. 

Thus in complex stimulus and response tasks the refractory phase to 

the second signal does not equal the difference between the end of 

the first response and the time which the second stimulus encroaches 

on the first. A refractory period was found, however, which was 

equal to a first phase in processing the first stimulus (See Fig. 6, 

p.32); in this experiment the time for the refractory period was about 

560 msec. 

The second experimental condition was an attempt to test the 

refractory nature of the first phase of the response to the first 

stimulus. Ss were instructed to attempt to modify the response to 

the first signal when it was followed by a second signal which was to 

be more important than the first. In this case one of the numerals 

contained in the Nixie tubes became a danger signal which was to 

override the importance of all other signals. Previous experiments 

had suggested that under certain conditions Ss may be able to omit 

response to a first signal when followed closely by a second. 

Results showed that in only one case was any S able to correctly 

modify a response to the first stimulus when a danger signal appeared. 

However this experiment did not adequately test S's capability to 

override a first stimulus, and therefore did not provide evidence for 

or against the refractory nature of the human operator in the first 

phase of his response to the first stimulus. It was demonstrated, 

however, that it is not the requirement to make a manual response to 
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the first signal which causes a refractory period, as a refractory 

period of about 500 msec, was evident in this experiment. It is 

apparent that the role of attention to the first stimulus is one of 

the major factors in causing S to be refractory to the second stimulus, 

as was "suggested by Davis (1959). 

The third experimental condition was an attempt to determine 

the effects of decision time concerning the first stimulus on the 

refractory period. It was hypothesized that when decisions about the 

first stimulus were no longer necessary, the refractory period would 

be shortened but not abolished. 

The results of this experiment confirm the preceding hypo

thesis. The value for the refractory period in this experiment was 

some 100 msec, less than values for Experiment II. 

Because of the results of these experiments, it is suggested 

that the psychological refractory period is dependent upon the nature 

of the input and output conditions of the task, and, therefore, it 

cannot be specified without referring to the conditions involved. 

As will be noted by those who are familiar with the experiments of 

Davis cited earlier, his definition of the length of the refractory 

period is not the same as that used here, nor can the present experi

ments be equated with those of Vince, Welford, or Broadbent. 

The writer wishes to emphasize that he is concerned with the 

existence and characteristics of the psychological refractory period, 

not its exact duration. While durations for the psychological refract

ory period are given, it is to be emphasized that they represent a 



refractory period only for the conditions stated. Any attempts to 

specify a refractory period for any condition will have to wait 

until further research can determine the effects of varying stimulus 

and response complexity. 
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