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RECOGNITION TIME FOR SYMBOLS 

IN PERIPHERAL VISION 

Albert E. Bartz 

ABSTRACT 

Many studies concerning the various characteristics of eye 

movements have been carried out since the end of the nineteenth 

century. One of these characteristics, the "speed of seeing," has 

been particularly important in applications in industry, the armed 

services, driver safety, and other related areas. 

It wa6 believed that much previous research was not 

particularly applicable to field situations, since the type of visual 

reaction required of the subject did not resemble the actual field 

situation in terms of complexity and extent of eye movement. 

The present research was initiated with two purposes in mind. 

The purpose of Experiment I was to determine the parameters of the 

speed of seeing in a complex visual task. The purpose of Experiment 

II was to isolate and measure the various components of the total 

response. Using the electrical method for recording eye movements, 

it was possible to measure the initial latency, the travel time of 

the eye, and the response time for interpreting the signal. 

vii 



The apparatus for Experiment I consisted of the peripheral 

stimuli, tracking task, electronic voice key, timer, and appropriate 

experimenter's controls. The peripheral stimuli were eleven Burroughs 

type BD200S Nixie Numerical Indicator tubes, placed six feet on the 

horizontal plane from the subject at 40, 20, 10, 5, and 2.5 degrees 

right and left. There also was one tube at center or zero degrees. 

The subject, with head held rigid by means of a headrest, performed 

continuous monitoring on the tracking task at the center of the array 

of lights. At random intervals one of the peripheral signals came on 

and the subject moved his eyes to the stimulus and verbalized the 

numeral presented into a microphone which stopped the timer. 

The apparatus for Experiment II was the same as before with 

the addition of electrodes, amplifier, oscilloscope and camera 

necessary for making records of the eye movements. 

Results of Experiment I showed that response time increased 

as the angle from the center line of regard increased. There was no 

significant difference between pairs of means for right and left sides, 

so the data were pooled and a straight line was fitted by the method of 

least squares. The equation for this relationship was Y • 66.3 + .599X 

where Y is response time in hundredths of seconds and X is the angle 

from the center line of regard. 

It was also found that response time increased as the number 

of possible signals increased. Response time was slowest when the 

viii 



subject had to respond to one of eleven signals, as against one of 

four or one of two in the other two situations. 

The results of Experiment II showed that the time required for 

each of the three components of the response increased as the angle 

increased. It was expected that the latency (the time before the eyes 

began moving) and the actual eye movement would increase as a function 

of angle. However, the vocalization component (the time required for 
* 

the subject to make his vocal response after his eyes had reached the 

signal) also increased with angle. It was believed that this was due 

to changes in either acuity, accommodation, or the hunting of the eye 

for an exact fixation. 

It was concluded that the results of the present .research 

indicated the response time in a complex visual situation may be 

much longer than previously believed. Further research was proposed 

that would yield a mathematical relationship between response time and 

number of possible stimuli, and research that would explain the exact 

nature of the vocalization component and its relation to angle. 
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CHAPTER I 

INTRODUCTION AND HISTORY OF THE PROBLEM 

Studies concerning the various characteristics of eye 

movements have been comprehensively carried out since the end of the 

nineteenth century. One of these characteristics, the "speed of 

seeing," has been particularly important in applications in industry, 

the armed services, driver safety, and other related areas. Speed of 

seeing, or the reciprocal of the length of time required for the eyes 

to shift from a fixation upon objects directly before the eyes to 

fixation upon objects in the peripheral,)^ield of view, was first 

investigated in a systematic fashion by Dodge and his associates (1898) 

at the turn of the century. 

I. HISTORY OF APPARATUS DEVELOPMENT 

In general the development of the study of eye movements 

depended largely upon the development of appropriate recording 

apparatus. The first techniques to be utilized were those involving 

a direct visual observation of eye movements by the experimenter. 

These methods included observing the eyes of the reader directly 

through a small peep-hole in the material as well as observing eye 

movements by means of a mirror placed near the subject. Javal (1879), 

using such primitive techniques, was the first to make a record of 
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saccadic movements during reading. Freeman (1916), and Miles (1928) 

also made use of this direct techaique. 

Another technique which is just as old as the direct 

observation method, utilized the principle of afterimages. The method 

that Helmholtz (1856) used had the subject fixating a small, bright 

source of light. After a few seconds, the subject moved his eyes and 

the afterimage followed the eye movements. Through introspective 

reports the subject could indicate where the afterimage paused (a 

fixation) and the nature of the eye movement itself. By slight 

modifications of the afterimage technique, Lamansky (1869) was able 

to make rough measurements of the speed of the eye movement. The 

light source was made to flash at a known rate, and as the eyes moved, 

the visible traces could be counted and a rough estimate of the speed 

of the movement could be made. The afterimage technique was used in 

various forms by Guillery (1898), Bruckner (1902) and others. Landolt 

(1891) verified the direct observation of Javal that the eye does not 

move in a smooth sweep by using a similar afterimage technique. The 

subject fixated one end of a^ line that had a magnesium lamp at the 

center. When the lamp lighted, the subject swept his glance to the 

other end of the line and closed his eyes. Instead of an afterimage 

of a smooth continuous line, the line was interrupted by points 

corresponding to the fixations made.' 

The above methods had an obvious fault in that there was no 

way in which any type of permanent record could be made of the eye 



movements. A technique for mechanical registration of the movements, 

though soon superseded, was developed by Delabarre (1898). A standard 

recording pen on a kymograph was linked to the eye by means of an 

elaborate system of connecting fibers. The system terminated at the 

cornea in a plaster ring which adhered to the moist surface of the 

cornea that was anesthetized to prevent pain and blinking. Another 

mechanical recording device utilized a hollow capsule held against the 

eye and terminating at the tambour of a recording pen by means of a 

pressure system. One of the earliest to use this method was Buys 

(1910). With the eye closed a capsule was pressed against the lid by 

a gum membrane. The capsule was attached to a tambour by rubber tubing. 

As the corneal bulge moved under the capsule, the change in capsule 

pressure was transmitted to the recording pen. 

A major advance in eye movement recording occurred with the 

advent of two separate techniques, one in 1899 by Dodge (1901), the 

other by Stratton (1902). Dodge photographed the eye movements of a 

subject by means of a falling five-by-seven inch photographic plate. 

At a signal, the subject read a line of print or alternated his 

fixations while the photographic plate passed downward past an 

aperture. The plate when developed gave a permanent record showing 

the movements of the eyes during the fixations and saccadic movements. 

In the other significant discovery, Stratton, making use of the fact 

that the eye is not a perfect sphere, but slightly bulged at the 

cornea, recorded the reflection of a beam of light from the cornea. 



As the eye moves, the reflected spot of light from the cornea mpves 

correspondingly. Stratton's apparatus recorded this reflection on a 

large photographic plate. At a signal the subject swept his eyes 

about a diagram, and the reflection from the cornea traced the pattern 

on the plate. Before these two methods were combined to give a 

continuous record of eye movements on a moving strip of film, Dodge's 

technique was modified in many ways. When strip film replaced the 

bulky plate, the amount of data that could be recorded was limited 

only by the quantity of film that the apparatus could handle. 

Dearborn (1906) substituted a three foot length of film in a similar 

apparatus. The majority of the modifications of Dodge's original 

apparatus utilized a small mirror attached near the eye or upon the 

cornea itself. A beam of light was reflected from this mirror to a 

moving plate or film. However, as with the mechanical recording 

devices, the small mirror was uncomfortable to the wearer and inter

fered somewhat with normal eye movements. This difficulty was 

overcome in part when contact lenses came into use. A small mirror 

could be attached to the contact lens 6lightly off center so as not 

to block the field of view (Riggs, Ratliff, Cornsweet and Cornsweet, 

1953). 

The corneal reflection method was used by Dodge (1903) in 

developing a variety of instruments to record eye movements under 

various conditions. His methods were used and re-used in modifica

tions of the original apparatus to the extent that the Majority of 

them were described as "modifications of the Dodge method or 



modifications of apparatus originally described as a modification of 

the Dodge method" (Carraichael and Dearborn, 1947). The subsequent 

devices range in size from a portable model for use in reading clinics 

to the elaborate device by Tinker (1931) that made use of a 70-inch 

camera barrel. The name given to the commercial portable model is 

the Opthalmograph. 

Various modifications of Dodge's original device led to a 

great amount of research on eye movements under almost every condition. 

Reading diagnosis, attention 'Value of advertisements, as well as basic 

characteristics of eye motion itself, were studied. 

Another photographic method that was developed about the same 

time used the usual motion picture camera focused on a small flake of 

Chinese white that was attached to the surface of the eye. Judd and 

his colleagues (1905) took enlargements of these successive frames 

and plotted the movement of the white flake from frame to frame. 

However, this method had a shortcoming in that the shutter of a motion 

picture camera is closed briefly while the film advances. Although the 

use of two synchronized cameras overcame this difficulty, the method is 

not used as widely as Dodge's, and appears not to be satisfactory for 

recording rapid pursuit movements of the eyes (Woodworth and Schlosberg, 

1954). 

Although Dodge's corneal reflection technique eliminated the 

disadvantages of the lever and pressure recording systems, there still 



were some shortcomings to the gathering of data by photographic means. 

Karslake (1940) pointed out several disadvantages, the greatest being 

the absolute restriction of any head movement that would influence the 

photographic record. Since the recording apparatus is permanently 

fixed, the subject's head must be held in a rigid position, usually by 

means of a biting board or head clamps. This, of course, limits the 

experimental situations to which he can be exposed. Besides absolutely 

confining any movements of the subject, there is also a certain amount 

of distraction introduced by the recording beam falling on the cornea. 

A method of recent development that appears especially promising 

involves the recording of the electrical activity of the eyes. Certain 

cell systems of the body produce electrical changes that can be recorded 

by an appropriate electrical or electronic system. 

Schott (1922) noted that electrodes placed on the surface of 

the eye produced deflections of a string galvanometer. The similarity 

between these deflections and a photographic record of eye movements 

led Meyers (1929) to use an electrocardiograph for recording what he 

thought was the electrical action of eye muscles. Independently, 

Jacobson (1930), using the same arrangement as Meyers, found the average 

value of the potential varied from 88 to 137 microvolts. 

The credit for developing the electrical recording of eye 

movement usually goes to Mowrer, Ruch and Miller (1936), since they 

correctly identified the source of these potentials. Their investiga

tions showed that the deflections could not be caused by the electrical 
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activity of the extrinsic ocular muscles since passive movements of 

the eyes produced the same deflections as those produced by active, 

voluntary movements. In addition eye movements after the retina was 

destroyed by chemical means gave virtually no galvanometric deflec

tions. These potentials are due to the fact that the retina is 

metabolically more active than the cornea. As a result, the retina 

at the rear of the eye is electrically negative with respect to the 

cornea at the front. When electrodes are placed above and below the 

eye, an upward glance by the subject brings the positive pole (cornea) 

closer to the upper electrode and the negative pole (retina) closer to 

the lower electrode. This changes the potential difference in one 

direction while a downward glance causes a change in the opposite 

direction. With the electrodes in this position no horizontal movements 

would be recorded. However, if the electrodes were placed at the nasal 

and temporal sides of the eye, horizontal movements would now register. 

It is obvious that the electrical recording method has a number 

of advantages. The subject is no longer fixed in position but can 

move about within the limits imposed by the flexible wire leads to the 

electrodes. With the increased mobility on the part of the subject, 

certain visual characteristics were now available for investigation. 

For example, Carmichael and Dearborn (1947) found this technique to be 

well-suited for studying visual fatigue. Powsner and Lion (1950) used 

the first and second derivatives of the recorded curves to obtain 

angular velocity and acceleration of the eye. These and other studies 

indicate the promise of the electrical recording method. 
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Concerning the reliability of the method, a number of 

investigators have shown that the results are comparable to the usual 

photographic method. Ford (1959) has shown that the corneo-retinal 

potentials are an excellent method for the study of visual search 

with results comparable to those obtained by classical recording 

methods. Fenn and Hursh (1937) found that plotting the potential 

against twice the sine of the angle of each eye movement yielded 

straight lines indicating the reliability of the technique in 

differentiating the magnitude of the eye movements. 

A direct comparison between the corneal reflection technique 

and the electrical method was made by Hoffman, Wellman, and Carmichael 

(1939). The subject was seated at an Opthalmograph and had electrodes 

attached for electrical recording also. The records obtained on the 

alternate fixations of a pattern of dots yielded essentially the same 

results. In another investigation Miles (1939) found stability from 

day to day in the magnitude of the eye potentials. He noted an initial 

lowering of the potential after the first day, but after this drop, 

the potential remained stable. Miles attributed the initial drop to 

apprehension on the part of the subject when first coming into contact 

with the apparatus. After this fear was overcome the potential dropped 

to a stable position and remained there. 

The electrical method is not without drawbacks--the major 

inconvenience being the cost and complexity of the electronic equipment. 

Also, the skin preparation prior to recording is very important, and 
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great care must be given to detail. The normally high resistance 

of the skin must be lowered to below 4,000 to 5,000 ohms to yield 

reliable results. Another difficulty is the meticulous care needed 

in the construction of the electrodes for avoiding drift artifacts 

(Ford, 1958). In spite of these drawbacks, the electrical recording 

method offers promise for eye movement recording in a wide variety of 

situations. 

II. HISTORY OF REACTION TIME STUDIES INVOLVING EYE MOVEMENTS 

To avoid confusion in the types of reaction time measures to 

be discussed, it is necessary to differentiate between reaction time 

or latency and response time. In this paper the time from the onset 

of a signal to when the eye starts to move will be referred to as 

reaction time or latency. This will then be in agreement with the 

references cited in this section and later sections. 

By response time is meant the time required to execute a 

total response after the presentation of a signal. In the research 

described in this paper the response time is the interval between the 

presentation of a signal and the vocal response of the subject. 

Of the investigators listed previously, Dodge (1908) was one 

of the earliest to determine the reaction time of the eye. As early 

as 1908, using photographic recording techniques with well-trained 

subjects, Dodge found the average latency to be approximately 200 

milliseconds when the subject was aware of the location of the next 



stimulus presentation. Latency here is defined as the time interval 

between presentation of a new fixation point and the start of the eye 

movement. The subject stared at the fixation point, and when the 

point disappeared, moved his eyes to the new stimulus several degrees 

to the right or left. In a later experiment in 1917, Miles (1936) 

found about the same average latency using untrained subjects who 

were unaware of the position of the next stimulus. Miles used 28 

stimulus positions in concentric circles about the central fixation 

point. These stimulus positions were at angles of 3.8, 7.6, 14.9, 

and 18.4 degrees from central vision, placed on vertical, horizontal 

and diagonal axeE. 

Hackman (1940) found essentially the same results as Dodge 

and Miles with average latencies of about 200 milliseconds for 

subjects unaware of the position of the next stimulus. Hackman's 

apparatus was similar to Miles' with eight peripheral stimuli located 

at a radius of 9.5 centimeters from the fixation point, or at a 16 

degree angle from the center. 

However, it must be noted that the type of latency cited 

above does not reflect the time involved in the process of "seeing" 

an object in the periphery, since the time measurement is only 

concerned with the interval between the onset of the signal and the 

initiation of the eye movement. 

More recently other investigators have been concerned with the 

increase in total response time when there is more than a simple 



movement involved. Hyman (1953) found that the total response time 

increased when the task required the subject to identify the specific 

location of the stimulus. Words were assigned to various lights and 

the response time was measured by a voice key set off when the subject 

pronounced the correct word for the stimulus. It should be noted that 

this increase in response time occurred even though the subject was 

not specifically required to move his eyes Bince Hyman's stimulus 

lights subtended a maximum of only 2.5 degrees of visual angle. 

This type of response time is more closely related to the 

problem of seeing, per se, since the total visual reaction, with the 

exception of a few primitive reflex actions, must include an 

identification of what is seen. As was expected Hyman found this 

identification type of response time to be longer than the simple 

movement latency--the lengthening being a function of the statistical 

probability that a stimulus would appear in the specific location 

identified. Hyman's response times varied from 300 to 750 milli

seconds. 

However, even these delays for a more complex response do not 

represent the delays in "seeing" an object in the peripheral field of 

view, since a location identification is a most elementary aspect of 

the process of seeing. To "see" an object in the periphery, the 

individual must not only identify the location and swing his eyes to 

it, but also must interpret the stimulus. 
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III. PURPOSE OF THE RESEARCH 

The purpose of this research will be two-fold. Experiment I 

will involve the investigation and determination of response time 

parameters associated with the interpretation of peripheral stimuli. 

In this part three hypotheses will be investigated. They are: 

1. Response times will be longer than the simple movement 

latencies reported by Dodge, Miles, and Hackraan. 

2. Response times will increase as a function of angular 

displacement from the center line of regard. 

3. Response times will increase as a function of the number 

of possible stimuli to which the subject must attend. 

The deduction of the first hypothesis is based on evidence 

cited previously. Since the type of response time to be investigated 

involves more than either a simple movement latency or a location 

identification, response times to peripheral signals involving 

interpretation of stimuli will be significantly greater. 

The second hypothesis is consistent with prevailing evidence 

in that response times increase as the angle between the signal and 

the center line of regard increases (Dodge and Cline, 1901; Elliot 

and Howard, 1956). 

The third hypothesis is derived directly from Hyman's results. 

If response time increases as a function of the probability that a 

stimulus will appear in a specific location, it would follow that the 
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greater Che number of stimuli, the greater will be the response time. 

It is expected that response times will be greater than Hyman's since 

there will be eleven signals against Hyman's eight, and the signals 

will be at greater angles in the periphery. 

Experiment II will involve an attempt to isolate and measure 

the various components of the total identification response time. By 

using the electrical recording method of Mowrer, Ruch, and Miller, 

it will be possible to isolate the initial latency, the travel time 

of the eye, and the response time for interpreting the signal. 



CHAPTER II 

METHOD AND PROCEDURE 

Since the method of experimentation was different for both 

experiments, each will be discussed separately in terms of subjects, 

apparatus. procedure and experimental design. 

I. EXPERIMENT I 

Subjects, The subjects were three 20 year old male volunteer 

undergraduates enrolled at the University of Arizona. The subjects 

were free from pertinent visual defects as measured by a Snellen chart 

and Orthorater. They were paid $1.35 per hour for their services. 

Apparatus. The apparatus consisted of the peripheral stimuli, 

a tracking task, a voice-operated timing mechanism, and appropriate 

experimenter's controls. 

The peripheral stimuli were arranged in a semi-circle about 

the subject, and were at 40, 20, 10, 5, and 2.5 degrees right and 

left. There also was one stimulus at the center or 0 degrees. The 

subject was the center of a circle six feet in radius, and the eleven 

stimuli were at eye level. Figure 1 shows the apparatus arrangement. 

Each stimulus was a Burroughs type BD200S Nixie Indicator Tube. 

14 
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FIGURE 1 

SUBJECT'S CHAIR AND APPARATUS ARRANGEMENT 



These are gas-filled, cold-cathode, ten digit (0 through 9) numerical 

indicator tubes. The height of each numeral was .305 inches, 

subtending a visual angle of 14* at a distance of six feet. The 

intensity of the numerals was standard for this tube for 250 volts 

with a 150K series resistor. Of the ten digits, four (4, 5, 6, and 

9) were chosen on the basis of preliminary tests as giving a good 

response for triggering the voice relay circuit. 

The indicator tubes were mounted on a curved panel painted a 

flat gray to minimize glare. The only illumination in the room was a 

fluorescent source located six feet behind and three feet above the 

subject, giving an illumination on the panel of 2,78 millilamberts as 

measured by the Macbeth Illuminometer. 

To keep the subject looking at the center of the display, a 

tracking task involving continuous monitoring was used. This task 

consisted of keeping an outer light of a triangle of three in 

coincidence with an inner light of a smaller triangle of three by 

means of a three button switch operated by the subject. The task 

display is shown in Figure 2. These inner lights came on in a 

predetermined order at the rate of 54 per minute, and each light would 

remain on for 1.1 seconds. During this interval the subject responded 

with the appropriate switch to turn on the matching light in the outer 

triangle. Through appropriate relay circuits a system of six impulse 

•counters was used to check on the accuracy of the tracking responses. 

The subject sat in an armchair with a headrest, preventing any 



FIGURE 2 

TRACKING TASK DISPLAY 
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horizontal head movements, and wore a headset with an attached carbon 

microphone. The microphone triggered the voice relay circuit whenever 

the subject responded verbally to the number presented in any one of 

the indicator tubes. This circuit tripped a latching relay that 

stopped the timer. A schematic of the voice relay circuit is shown 

in Figure 3. 

The experimenter's controls enabled selecting any of the eleven 

positions for the indicator lights and any of the four numerals 

appearing in each light. 

The timer was a type S-l Standard Timer reading in hundredths 

of seconds. The timer started when a latching relay turned on the 

indicator light and stopped when the vocal response tripped the voice 

relay. A complete schematic of the apparatus Is shown in Figures 4 and 

5. 

Procedure. In both the training and experimental sessions, the 

procedure for the presentation of the stimuli was the same. The 

subject entered the experimental room which was light-proofed to 

exclude extraneous illumination that might reflect from the curved 

surfaces of the indicator tubes. After the headrest and microphone 

were adjusted, ten warm-up trials were given before the session began. 

At the start of each trial the subject began tracking the center 

display of lights. At intervals of 3, 4.5 or 6 seconds after the start 

of the tracking task, a number in one of the indicator tubes came on 
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and the tracking lights extinguished. The subject then moved his 

eyes to the position of the stimulus and verbalized the number into 

the microphone. This response stopped the timer and extinguished 

the number in the indicator tube. After a five-second rest period 

the next trial was begun, and the subject resumed his tracking task. 

There were two one-minute rest periods during the experimental session. 

Experimental design. To insure reliability of results, all 

subjects were highly trained prior to the beginning of the sessions. 

Although there is experimental evidence that some learning takes 

place even after a large number of trials (Mowbray and Rhoades, 1959), 

it was believed that such learning would not affect the analysis of 

the data. 

For the training trials the indicator lights in the 20 degree 

right and left positions were used. Subjects made 144 responses each 

session, 72 to each position. The numerals appearing in the indicator 

lights were randomized among the 72 stimuli for each position. 

Subjects reported to the experimental room for an hour's 

practice each day until no appreciable learning was taking place and 

the variability of response was reduced. The training sessions were 

concluded when both the means and standard deviations became asymptotic. 

This occurred on the 16th session for one subject and on the 19th 

session for the other subjects. On the last training session, each 

subject responded to all eleven lights. 



The experimental trials were run for 12 days and were 

initiated on the day following the last training session. In order 

// 

to test the hypothesis that reaction time increases as a function of 

the number of possible stimuli, it was necessary to divide Experiment 

I in two parts—sequence A and sequence B. 

The stimuli in sequence A consisted of the indicator lights at 

the 20 and 10 degree right and left positions. As in the training 

sessions the subjects made 144 responses with a one-minute rest period 

after each group of 48 trials. Each of the 16 possible combinations 

of position and indicator numeral appeared three times in each group 

of 48 trials, and were randomized throughout each group of 48. The 

entire session of 144 trials consisted of three of these groups of 48. 

The stimuli in sequence B consisted of the indicator lights 

in all eleven positions. To simplify the data reduction the light at 

the center position was considered as two stimuli, with one-half of the 

responses counting on the left side of the visual field and the other 

half counting on the right side. As a result there were 48 possible 

combinations of position and indicator numeral. Each of the combina

tions appeared once in each group of 48 trials and were randomized 

throughout. Again, each experimental session consisted of three groups 

of 48 trials. 

To minimize transfer effects sequence A was run on Days 1, 2, 

11, and 12, while sequence B was run on Days 3 through 10. For 



sequence A the subjects made a total of 1,728 responses or 432 for 

each of the four positions. For sequence B the subjects made a total 

of 3,456 responses or 288 for each of the 12 positions. 

II. EXPERIMENT II 

Subjects. The subjects in Experiment II were the same as for 

Experiment I. 

Apparatus. The same apparatus was used for presenting the 

stimuli as in Experiment I. However, in order to record the eye 

movements necessary for measuring the various components of the total 

response time, it was necessary to equip each subject with electrodes 

that were coupled to appropriate amplifying and recording equipment. 

The precise placement of electrodes is shown in Figure 6. The output 

from the electrodes was fed to a Grass Model P-5 A.C. Preamplifier, 

and the output of the preamplifier terminated at a Tektronix 533 

oscilloscope. The upper trace of this dual channel oscilloscope was 

a record of the subject's eye movements. For the lower trace the 

input was from the first stage of amplification of the electronic 

voice key. A Dumont oscilloscope camera was used to photograph the 

tracing of the oscilloscope for each response of the subject. A 

block diagram of the entire apparatus is shown in Figure 7. 

Procedure. Experiment II was begun on the day following the 

close of Experiment I. As before, the subject attended to the tracking 

task until an indicator light came on, moved his eyes to the stimulus, 



FIGURE 6 

PLACEMENT OF ELECTRODES FOR EYE MOVEMENT RECORDING 
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and responded verbally to the indicator numeral. 

The oscilloscope was set for an external trigger so that the 

onset of any indicator light started the tracing across the face of 

the CRT. The upper trace remained horizontal until the subject 

started to swing his eyes to the signal. As the subject started to 

move his eyes, the trace deviated from the horizontal axis. The 

extent of the deviation was directly proportional to the angle through 

which the eyes had rotated. When the eye movement was completed the 

trace returned to the base line and continued level. The lower trace 

remained level until the subject responded vocally. At this signal 

the trace deviated vertically in the form of a high-peaked pip. The 

shutter of the oscilloscope camera was opened just before the trace 

began and was closed at the completion of the trace. 

The time measurement of the initial latency, or the time 

required for the eyes to get moving, was obtained by determining the 

position on the CRT grid marking where the trace started to deviate 

from the horizontal axis. The time required for the actual eye 

movement itself was determined by the preceding position and the point 

at which the trace leveled off. The time required for the subject to 

make his vocal response after the completion of the eye movement was 

obtained by subtracting the previous position of the trace from the 

point at which the high-amplitude pip occurred. Some typical traces 

are shown in Figure 8. 
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Experimental design. Because of the time required to 

manipulate the camera for recording the CRT trace, it was necessary 

to reduce the number of responses made during the experimental 

session. It was also necessary to alter the order of presentation 

of the indicator lights. The order was arranged so that only every 

third response wa6 recorded by the oscilloscope camera. Since the 

main interest was in responses to stimuli involving eye movement, 

only those responses to the 40, 20, 10, and 5 degree right and left 

positions were recorded. To insure high reliability in the vocal 

response, all stimuli recorded required the vocal response "five". 

The remaining three numerals were divided equally among the unrecord

ed stimuli. 

Each subject made a total of 96 responses at each session; 

of these, 32 were recorded, four for each of the eight positions. The 

subjects were not aware that only 6ome responses were being recorded. 

After four days of testing, the subjects made a total of 384 responses^ 

or 48 for each of the eight positions. 



CHAPTER III 

RESULTS 

Because of the differences in procedure and data analysis, 

it was convenient to present the results of both experiments 

separately. These results are integrated in the following chapter 

on the discussion and interpretation of the data. 

I. RESULTS OF EXPERIMENT I 

The data from sequence B, with all eleven positions, were 

analyzed by means of a four factor analysis of variance. The results 

of this analysis are shown in the analysis of variance summary table 

in Table I. 

Main factors. All the main factors of position, filament, 

subject and day were significant beyond the .001 level. 

Differences in mean response times to the lights at various 

positions in the periphery were highly significant,with an F ratio of 

1,062.65* The means for these positions in hundredths of seconds and 

their standard deviations are given in Table II. Mean response times 

as a function of angular position are shown in Figure 9. Differences 

between all means were significant beyond the .001 level. 

30 
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TABLE I 

ANALYSIS OF VARIANCE SUMMARY TABLE 

Factor df Mean Square F 

Position 11 10,137.64 1,062.65*** 

Filament 3 1,891.67 198.29*** 

Subject 2 8,683.35 910.20*** 

Day 7 113.29 11.88*** 

Fos• x Fil. 33 34.21 3.59*** 

Pos. x Subj. 22 64.23 6.73*** 

Pos. x Day 77 10.71 NS 

Fil. x Subj. 6 138.83 14.55*** 

Fil. x Day 21 11.95 NS 

Subj. x Day 14 61.36 6.43*** 

Pos. x Fil. x Subj. 66 15.86 1.66* 

Pos. x Fil. x Day 231 7.78 NS 

Pos. x Subj. x Day 154 10.33 NS 

Fil. x Subj. x Day 42 16.07 1.68* 

Pos. x Fil. x Subj. x Day 462 9.54 

Total (N-l) 1,151 

*** Significant beyond .001 level 
* Significant beyond .05 level 
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TABLE II 

MEAN RESPONSE TIMES AND STANDARD DEVIATIONS 

TO STIMULUS POSITIONS 

(HUNDREDTHS OF SECONDS) 

POSITION 

Degrees Left Degrees Right 

40 20 10 5 2.5 0 2.5 5 10 20 40 

MEAN 91.12 77.70 72.82 70.35 67.79 . ' 58.43 66.81 69.99 72.13 77.14 '90.05 

S. D. 8.3 7.2 7.4 7.4 . 7.8 6.9 7.7 7.3 5.9 6.2 7.8 

to 
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The four filaments, or the four vocal responses required 

(4, 5, 6, and 9), yielded significantly different mean response times, 

with an F ratio of 198.29. An examination of the means^showed that 

the responses to "four" and "five" were significantly faster than the 

response to "six" or "nine". 

The mean response times of the three subjects were not 

identical. The F ratio of 910.20 indicated that the differences 

were significant beyond the .001 level. Subject R.H. was consistently 

slower than either M.H. or S.G. (See Figure 10.) 

Mean response times obtained on the eight days of the 

experiment were significantly different with an F ratio of 11.88. An 

analysis of the means showed that Days 3 and 4 were significantly 

different from the other six days. 

First order interactions. The position by filament interaction 

was significant at the .001 level, with an F ratio of 3.59. This 

indicated that at some positions certain filaments yielded faster 

response times than at other positions. A closer inspection of the 

means showed that in eight of the eleven positions the fastest mean 
/ 

response was made to the numeral four. However, in the other three 

positions, 40, 20 and 10 degrees left, the fastest response was made 

to the numeral five. 

The position by subject interaction was significant at the 

.001 level, with an F ratio of 6.73. This indicated that at some 
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positions certain subjects performed better than others. Inspection 

of the means showed that subject M.H. was faster at the 40 and 20 

degree positions and slower on the other positions. 

The filament by subject interaction yielded a significant F 

ratio of 14.55, indicating that some subjects responded faster to 

certain filaments. An analysis of the means showed that subject R.H. 

was much slower than the other subjects on filaments five and six than 

on four or nine. 

The subject by day interaction was significant beyond the 

.001 level, with an F ratio of 6j.43. The mean responses of each 

subject for the eight days are shown in Figure 10. As can be seen, 

this interaction was due to the changes in the relative positions from 

day to day of subjects M.H. and S.G. 

The non-significance of the position by day and filament by 

day interactions indicated that the mean responses as a function of 

either filament or position were independent of the day when the 

responses were taken. 

Second order interactions. The position by filament by subject 

interaction yielded an F ratio of 1.66 which was significant at the 

.05 level. This significant interaction indicated that the position 

by filament interaction discussed earlier varied as a function of 

which subject was responding. An inspection of the means showed that 

subject M.H. responded differently to filaments five and six at the 
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40 and 20 degree positions than did the other subjects. 

The filament by subject by day interaction was significant at 

the .05 level, with an F ratio of 1.68. This indicated that the 

significant filament by sub ject interaction discussed previously 

varied as a function of the day on which the responses were taken. 

The non-significant position by filament by day interaction 

indicated that the position by filament interaction mentioned 

previously did not vary as a function of day. Similarly, the non

significant position by subject by day interaction indicated that 

the position by subject interaction also did not vary as a function 

of day. 

Shown in Figure 11 is a straight line fitted to the data by 

a least squares method. The data from the left and right sides were 

pooled since there wa6 no significant difference between left and 

right means at any position. The equation of the fitted curve is 

Y • 66.3 + .599 X, where Y is response time in hundredths of seconds 

and X is the angular displacement of the signal from the center line 

of regard. Also shown in Figure 11 is the mean response time to the 

central position. Since responses to thi6 position did not involve 

eye movement, the point was not used in the least squares analysis. 

The data from sequence A, with only four positions used 

(20 and 10 degrees right and left), was analyzed by a similar analysis 

of variance. The results of this analysis were identical with that of 
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sequence B, with the exception of the day main effect. There was no 

significant difference between responses made on the four days of 

sequence A, or Days 1, 2, 11, and 12 of Experiment I. This also 

indicated that the counterbalancing technique used to offset possible 

transfer effects was successful. 

The use of these two sequences was to enable a comparison of 

responses made to eleven possible positions (sequence B) as against 

four possible positions (sequence A). Shown in Figure 12 is the 

comparison of this responses at the 40 and 20 degree left and right 

positions from both sequences. In addition data from a situation in 

which only the 20 degree left and right positions were used are plotted. 

These means were taken from the training trial6 after the learning had 

reached an asymptote. As i6 evident from the graph, the mean response 

times became more brief as the number of possible positions decreased. 

All differences were significant at the .01 level. 

* II. RESULTS OF EXPERIMENT II 

The measurement of the three components of latency, movement 

and vocalization resulted in the graph of Figure 13. This graph shows 

the portion of a total response made up of these three components. 

Each point is a mean based on 48 responses. 

For purposes of a closer analysis each component is plotted in 

terms of means plus and minus one standard error in the following 

figures. Figure 14 shows the measurement of latency as a function of 

'fa 
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angle. As can be seen from this graph, Latency increased as the 

angle from the center line of regard increased. 

The mean time duration for the actual eye movement is shown 

in Figure 15. Since a great similarity was noted between these 

results and those of Dodge and Cline (1901), Figure 15 also shows 

their original mean6. As can be seen the time required for the 

actual eye movement increased as a function of the angle through 

/ 
which the eye moved, ' 

The mean times for vocalization (the interval between the 

cessation of the eye movement and the subject's vocal response) are 

shown in Figure 16. An inspection of these means showed a marked 

increase as the angle from the center line of regard increased. 
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CHAPTER IV 

DISCUSSION AND INTERPRETATION OF THE DATA 

In the previous chapter, the results of sequences A and B of 

Experiment I and Experiment II were treated separately. In order to 

organize the material in this chapter for an orderly discussion, the 

results from the entire experiment have been integrated and discussed 

in terms of the three hypotheses presented earlier. In addition, 

other incidental findings have been included. 

\ 

I. FIRST HYPOTHESIS 

"The type of response time that was investigated in this 

experiment involved much more than a simple movement latency, so it 

was logical to expect greater response times than those reported by 

Dodge (1908), Miles (1936) or Hackman (1940). 

Their interest was not in the speed of "seeing," but only in 

the time that was required for the eyes to begin moving to a periphera 

stimulus. In Experiment II, it was found that the average latency 

agreed quite well with these previous studies. The overall mean 

latency to stimuli at all angles was .213 seconds with a standard 

deviation of .041 seconds. This coincided very well with previous 

data. 

46 



47 

However, as mentioned earlier, data on the latency of the 

visual reaction does not accurately reflect the process required to 

"see" objects in the periphery. The subject must get his eyes in 

motion, swing his eyes to the new object and then make his response. 

It is obvious that this speed of seeing is dependent to a greater 

extent upon factors other than simple eye movement latency. 

II. SECOND HYPOTHESIS 

It can be seen from Figure 14 that it is inaccurate to state 

an "average" value for latency, since the time required for the eyes 

to begin their movement was' a function of the angle at which the new 

stimulus was located. The fact that latency increased as the angle 

from the center line .of regard increased was reported earlier by 

White (1961). 

It is further apparent that response times must increase as 

a function of the angle through which the eyes must move. The actual 

movement of the eye takes longer as the angle from the center line of 

regard increases. However, this time interval is extremely small, 

accounting for only five to ten per cent of the total response time. 

As wa6 noted in Figure 15, the measurement of the time duration 

required for eye movement in Experiment II agreed very closely with 

earlier studies by Dodge and Cline (1901). 

A close inspection of the total response time as a function 

of position shown in Figure 9 yielded an interesting observation. 
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The large differences between mean response times at the various 

positions could not be fully explained by means of differences in 

latency or eye movement. For example, the mean response time to the 

40 degree left position was .911 seconds and that of the 20 degree left 

position was .777 seconds, for a difference of .134 seconds. The 

difference in latency to the two positions was .036 seconds and the 

difference in movement time was only .030 seconds. This accounted 

for less than half of the original difference between the total 

response times to the two positions. 

Since two of the three components--latency and movement--have 

been accounted for, the differences must be due to the third component, 

the vocalization time. As defined earlier, vocalization is the time 

interval between the completion of the eye movement and the subject's 

vocal response. As can be seen from Figure 16, the time required to 

-sake this response after the subject was looking at the signal varied 

as a function of indicator light position. In terms of the experi

mental situation, it took longer for the subject to "recognize" the 

numeral presented and verbalize the response when the stimulus was at 

a greater angle in the periphery. 

There are several possible explanations that may be advanced 

to account for this observation. With the type of recording method 

used, it was impossible to distinguish very small eye excursions in 

comparison to the gross movement at the onset of the signal. Therefore, 

if at the end of a movement to a 40 degree stimulus, the eye hunted for 
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an exact fixation, this hunting would probably occupy several degrees 

or less. This small excursion would be impossible to read from the 

type of records taken. It is possible that this hunting time occupies 

proportionately more time as the angle increases. 

Another possibility for explanation could show the ool > 'Ion 

to be a function of accommodation. As the eye moves, the muscles exert 

a slight tension effect upon the eye, and, therefore, some accommoda

tion may be required. Because of binocular convergence, this effect 

is magnified for stimuli close to the eyes. Although accommodation 

is less severe at six feet than for closer stimuli, it is possible 

that these effects were magnified in the process of rapid eye movements. 

III. THIRD HYPOTHESIS 

In an experiment mentioned previously (Hyman, 1953), it was 

reported that response time increased as a function of the probability 

that a stimulus would appear in a specific location. It would follow 

from this evidence that response time in general will increase as the 

number of possible stimuli to which the subject must react increases. 

As was noted in Figure 12, the response times for eleven possible 

stimuli were significantly longer than for four possible stimuli. A 

decrease was also noted in the training trials when only two possible 

stimuli were used. No attempt was made in this experiment to formulate 

a mathematical function between response time and number of possible 

stimuli, but the data certainly suggested that such a relationship 

existed. 
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IV. GENERAL COMMENTS 

In the eight days with eleven lights, there appeared to be no 

further learning taking place. With the days main effect of sequence 

A non-significant, it was assumed that no learning in that situation 

took place over a twelve day period. However, considering the data 

of Mowbray and Rhoades (1959), it is entirely possible that response 

times could be shortened significantly with further practice. 

Although some investigators (Hackman, 1940; and others) have 

found shorter response times to stimuli on the right side, there were 

no significant differences in this experiment between response times 

to stimuli on the left and right sides. It is possible that faster 

response times to the right side would occur in unpracticed subjects, 

but this effect may gradually diminish as subjects become more prac

ticed. 

It should be noted that great individual differences existed 

in this type of visual task. As was discussed previously in the 

analysis of variance, the majority of interactions indicated a wide 

variety of subject effects. Some subjects performed better when the 

stimulus was at one position than another, and some performed better 

to some filaments than others. As was expected some subjects performed 

better on certain days than on others. 

In Experiment II individual differences were not as obvious 

for two of the three components. In the movement component there were 
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very little subject differences, with slightly more in latency. However, 

in the vocalization, there were again great subject differences. In 

terms of applied situations a distinction must be made between 

statistical significance and practical significance. Many of the 

differences in mean response times were relatively small, but because 

of high reliability were statistically significant. In terms of the 

large differences (e.g., between mean total response time at various 

angles) some of the other differences were very small. For example, 

the days main effect in sequence B was statistically significant, but 

the difference between the "fastest" and "slowest" day was only .027 

seconds. For five of the eight days the average response times were 

almost identical. Similarly both the position by filament by subject 

and the filament by subject by day interactions reached significance 

at the .05 level, but the differences accounting for the interaction 
V 

were relatively small--in the order of only .02 to .03 seconds. 

Therefore, the greatest interest was given to the main effects of 

position, filaments and subjects. 



CHAPTER V 

CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH 

In the general use of the term, the process of "seeing" 

refers to a wide variety of functions. The usual figure given for 

reaction time to a visual signal is about one-fifth of a second. In 

this situation the practiced subject makes some kind of manual 

response to the onset of a visual signal. However, a review of the 

literature exposes the reader to a wide range of values for reaction 

time, obviously a function of the experimental conditions. 

In the present research, Table II showed a range in response 

times from .584 seconds for the central light to .906 seconds for 

extreme positions, with an overall mean for all positions of .727 

seconds. These response times indicated that the time required for 

a response to a complex visual stimulus is considerably longer than 

generally believed—even with highly trained subjects. It is 

thought that most of the difference is due to the relatively complex 

response required of the subject. But the task used in this laboratory 

experiment is no more complex than in everyday seeing tasks. This 

experiment was designed in such a way as to make the responses of the 

subject more comparable to the complex reactions required in an 

everyday environment. The data from the present research would indicate 

that response times for complex situations (such as are found in the 

0 
52 



53 

everyday environment) are greater than the simple reaction times 

found in the laboratory. The driver, the pilot or the worker is not 

pressing a switch to a centrally-positioned light in a well-controlled 

laboratory setting, but is making his responses in a cluttered, noisy 

environment. In addition his responses are not all-or-none in nature, 

but may involve a half dozen alternatives. The driver'6 stimulus 

may be anywhere in the visual field at any size or brightness. His 

response may be one of several degrees of accelerating or braking, 

as well as a panic stop or turning right or left. In many cases, his 

response may not be just a single one of these but a combination of 

two or three. 

As a result of these findings, it should be emphasized that 

great care must be taker? before parameters extracted from a laboratory 

situation are generalized to field conditions. Pushing a switch in 

response to a light may or may not be the same as applying car brakes 

in response to a traffic situation. It can be stated that an 

individual's reaction time in a driving or working environment may be 

in the nature of a small fraction of a second for certain responses, 

but many important reactions may take as long as three-fourths of a 

second or even longer. 

Research should be undertaken to explore further the 

relationship between response time and number of alternative stimuli. 

In this research, only two, four, and eleven possibilities were 

investigated. A well-controlled experiment could determine the 

mathematical relationship between these two variables under various 
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experimental conditions. ^ 

As previously stated the vocalization component of the 

subject's response varied atf1 a function of angle. This observation 

needs to be systematically explored in order to determine the exact 

cause and functional relationship to angle from the center line of 

regard. If it is an acuity functionfit should be present when eye 

movement is not a part of the subject's visual response-,- This could 

be tested by having the subject facing directly ahead and eyes 

rotated to the indicators at various angles. If it is an acuity 

function the differences should still exist between positions. If 

it is an accommodation function compounded by the eye,.movement just 

preceding, a test described above would show no differences at the 

various positions in vocalization time. If it is due to the hunting 

of the eye for an exact fixation, a more refined d.c. recording ' 

technique would show longer times involved in small excursions 

associated with greater angles. 

\ 
Although this experiment was sufficiently rigorous to explore 

some of the characteristics of the visual response, it is felt that 

a concerted research effort is necessary for determining the exact 

nature of these parameters. 
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