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• O F A L L the sensory capabilities exhibited by the d r i v e r , the sense of vis ion i s almost 
wholly responsible for the process ing of information in the driving situation. However, 
little i s actuaUy known about the time that this "processing" requ ires . It was for the 
purpose of obtaining information on the v i sua l reaction and eye movements, that this 
r e s e a r c h was designed. 

The purpose of the project was twofold: (a) to develop a transportable recording 
system that can be used in moving vehicles to record dr iver eye movements; and (b) to 
investigate human response t imes to signals in peripheral v i s ion . 

The importance of developing equipment for obtaining objective data on eye move­
ments and peripheral recognition time can hardly be overemphasized. Such equipment 
could be used to determine placement of road signs for optimum legibility, to determine 
speed l imits in a high "visual density" zone, and possibly even to develop a method for 
differentiating the character i s t i c s of good d r i v e r s f rom poor ones. Data f r o m studies 
on v i sua l recognition time for per ipheral s ignals would certainly be important in deter­
mining relationships between speed and dr iver safety. 

The f i r s t part of the project consisted of the design and development of an amplifying 
and recording system which may be used in moving vehicles to record dr iver eye move­
ments with a minimum of interference to dr iver activity. The system may be used in 
any conventional s ix-passenger automobile without modification of the vehicle . The 
system was designed so that it could be operated by self-contained batteries , inasmuch 
as the line voltage of standard automobile e l ec tr i ca l systems v a r i e s considerably. 
Another important feature for such a system i s compactness and portability. F igure 1 
shows the complete sys tem. On the left are the self-contained batteries and the inverter 
for the recorder . In the center are the preampli f ier and ampl i f ier , and on the right i s 
the r e c o r d e r . 

F igure 2 shows the system in actual operation. The dr iver i s not res tr ic ted , and the 
equipment i s compact enough to allow one person in the r e a r seat to monitor the equip­
ment. 

The system appears suitable for making eye-movement recordings as l arger , l ess 
eas i ly transported bioelectric recording equipment. No observable loss in performance 
accrues from operating the recorder f rom the storage-battery power pack. The ampl i ­
fying equipment exhibits stable performance and i s reasonably immune to the effects of 
temperature changes and battery aging. 

The most c r i t i c a l factor associated with making good eye-movement recordings i s 
electrode preparation. Electro-deposit ing equipment was constructed for making 
chlorided s i l ver electrodes. Some success was achieved in reducing drift by this meth­
od. However, more refined equipment should be constructed and a better technique 
evolved. Fur ther work involving the use of the recording system in actual f ie ld experi ­
ments should be'preceded by a period wherein the investigators evolve and pract ice 
electrode preparation procedure to achieve predictable, low dri f t . Otherwise, the s y s ­
tem i s suitable as a r e s e a r c h tool for making eye-movement recordings both in the lab­
oratory and in moving vehic les . 

The second part of this project involved the investigation and determination of r e ­
sponse t imes to signals in per ipheral v i s ion . The original purpose for this phase of the 
project was to check out the recording equipment described e a r l i e r , but as the r e s e a r c h 
progressed it was felt that some of the character i s t i c s of eye movements and the process 
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of seeing should be systematical ly investi­
gated. The recording equipment proved to 
be an invaluable tool in this investigation. 

Many studies concerning the various 
character i s t i c s of eye movements have 
been c a r r i e d out since the end of the Nine­
teenth Century. One of these charac ter i s ­
t i c s , the "speed of seeing," has been p a r ­
t icularly important in applications in indus­
try , the armed serv i ce s , dr iver safety, 
and other related areas . It was believed 
that much previous r e s e a r c h was not par ­
t icular ly applicable to f ield situations, be­
cause the type of v i sua l reaction required 
of the subject did not resemble the actual 
f ield situation in terms of complexity and 
extent of eye movement. 

Various components of the v i sua l r e ­
sponse were systematical ly investigated 
by Dodge and Diefendorf (1.). Using photo­
graphic recording techniques, they found 
that the average latency was about 200 
m i l l i s e c . Latency is defined as the time 
interval between the appearance of a pe­
r iphera l signal and when the eyes begin to 
move. They also found that the eye move­
ment itself took from 29 mi l l i s ec for a 5° 
movement to 100 mi l l i sec for a 40° move­
ment. Essent ia l ly the same resul ts were 
obtained by Mi les (^) and Hackman (3). 

These time intervals do not ref lect the 
time involved in the process of "seeing" an 
object in the periphery. After the eye has 
fixated on the peripheral st imulus, the ob­
s e r v e r s t i l l must process the new informa­
tion and make some response. 

More recently other investigators have been concerned with the total response time 
when there is more than a simple movement involved. Hyman (4) found that the total 
response time increased when the task required the subject to identify the specif ic loca­
tion of the st imulus. 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 location. This increase in response time occurred even though the subject 
was not specif ical ly instructed to move his eyes because Hyman's stimulus lights were 
so close together. 

This type of response time is more closely related to the problem of seeing, inas­
much as the total v i sua l reaction must include an identification of what is seen. A s 
was expected, Hyman found this identification type of response time to be longer—the 
lengthening being a function of the stat ist ical probability that a stimulus would appear 
in the specif ic location identified. Hyman's vocal response times varied from 300 to 
750 m i l l i s e c . However, this complex response s t i l l does not represent accurately the 
process of "seeing" an object in the periphery. To see an object in the periphery the 
individual must not only identify the location and swing his eyes it, but also interpret 
the st imulus. 

This part of the project was designed for two purposes. Experiment I involved the 
investigation and determination of response t imes associated with the interpretation of 
per ipheral s t imul i . A s a framework for the analysis the following hypotheses were 
investigated: (a) response times wi l l be longer than the simple movement responses 
reported by Dodge, Mi les , and Hackman; (b) response t imes w i l l increase as a function 
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F i g u r e 3 . L a b o r a t o r y l a y o u t o f appa ra tus 
used i n s t a n d a r d i z i n g t e s t p r o c e d u r e s . 

of angular displacement from the line of 
direct vision; and (c) response times wi l l 
increase as a function of the number of 
s t imul i to which the subject must pay 
attention. 

Experiment I I was designed to isolate 
and measure the various components of 
the total response t ime. By using the 
e lec tr ica l method for recording eye move­
ments, it was possible to isolate the laten­
cy, the trave l time of the eye, and the r e ­
sponse time for interpreting the st imulus. 

The subjects for both experiments 
were volunteer undergraduates, and were 
free from pertinent v i sua l defects as 
measured by an orthorater. A l l were 
highly trained prior to the experimental 
sess ions . 

The apparatus for Experiment I consisted of the peripheral st imuli , tracking task, 
electronic voice key, t imer, and appropriate experimenter's controls. The peripheral 
st imuli were eleven Nixie Numerical Indicator tubes, placed 6 ft on the horizontal 
plane from the subject at 40° , 20°, 10°, 5°, and 2. 5° right and left. There was also one 
tube at center (0°). The subject, with head held rigid by means of a headrest, per­
formed continuous monitoring on the tracking task at the center of the a r r a y of lights. 
At random intervals one of the peripheral signals came on and the subject moved his 
eyes to the stimulus and verbal ized the numeral presented into a microphone that 
stopped the t imer . 

The experimental t r ia l s were run for twelve days and were initiated on the day follow­
ing the training sess ions . To test the hypothesis that reaction time increases as a func­
tion of the number of possible st imuli , it was necessary to divide Experiment I in two 
parts—Sequence A and Sequence B . The st imuli in Sequence A consisted of four indica­
tor lights at the 20° and 10 right and left positions. Each sess ion consisted of 144 tr ia l s 
and was presented on days 1, 2, 11, and 12. 

The st imuli in Sequence B consisted of the indicator lights in a l l eleven positions. 
Each sess ion included 144 tr ia l s and was presented on days 3 through 10. The data for 
both sequences were analyzed by means of a four-factor analysis of variance . 

In Experiment II the same apparatus 
was used for presenting the s t imul i . To 
record the eye movements necessary for 
measuring the components of the total r e ­
sponse, electrodes were placed behind the 
external canthi of the subject's eyes. The 
output from the electrodes was fed to the 
preamplif ier and this terminated at an 
oscil loscope. The upper trace of this dual-
channel oscilloscope was a record of the 
subject's eye movements. F o r the lower 
trace the input was from the f i r s t stage of 
amplification of the electronic voice key. 
The sweep was triggered when an indicator 
light came on. A Dumont oscilloscope 
c a m e r a was used to photograph the t r a c ­
ings. In Experiment I I each subject made 
a total of 32 recorded responses each day 
for four days. F igure 3 shows the layout 
of the apparatus with the subject in posi­
tion. Figure 4 shows a close-up of one of 
the st imuli and the tracking task. Figure 
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F i g u r e 5. E l e c t r o d e s b e i n g f i x e d on sub­
j e c t p r i o r t o l a b o r a t o r y e x p e r i m e n t a l 

s e s s i o n . 

P O S I T I O N 

F i g u r e 6 . R e l a t i o n s h i p between l a t e r a l 
l o c a t i o n o f s i g n a l and response t i m e as 
deve loped f r o m e x p e r i m e n t a l l a b o r a t o r y -

s e s s i o n s . 

E L E V E N P O S S I B L E POSITIONS 

FOUR P O S S I B L E POSITIONS 

TWO POSSIBLE POSITIONS 

20" 

5 shows the electrodes being fixed on the | 
subject prior to an experimental sess ion . ' 

Results of Experiment I showed that 
response time increased as the angle from 
the centerlinfe of direct vision increased . 
F igure 6 shows the relationship of response 
time to peripheral angle. There was no 
significant difference between mean r e ­
sponse times to the right and left s ides . , 

It was also found that response time | 
increased as the number of possible signals 
increased. F igure 7 shows response time 
as a function of number of possible s t imul i . 
Response time was slowest when the sub­
ject had to respond to one of eleven s ig­
nals , as against one of four, or one of 
two (training t r i a l s ) . 

The results of Experiment II showed that 
the time required for each of the three com­
ponents of the response increased as the 
angle away from direct line of vision in­

creased . Figure 8 shows the portion of the total response made up of each component. 
It was expected that the latency (the time before the eyes began moving) and the actual 
eye movement 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 i 
reached the signal) also increased with angle. Even though the subject's eyes were at ' 
the stimulus, it took longer for him to "recognize" the numeral presented and verbal ize 
the response when the stimulus was at a greater angle in the periphery. F igure 9 shows 
this vocalization time as a function of angle. The bars represent the mean plus and 
minus one standard e r r o r . It was believed that this was due to changes in either accom­
modation or the hunting of the eye for an exact fixation. 

L E F T 

F i g u r e ?• Mean response t i m e as a f u n c ­
t i o n o f number o f p o s s i b l e s t i m u l i . 
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Figure 8. Eye-movement latency and move­
ment, and vocalization as portions of the 

total response time. 

RIGHT 

P O S I T I O N 

Figure 9. Relationship between vocaliza­
tion time and l a t e r a l position of signal. 

It was concluded that the resul ts of the present r e s e a r c h indicated that response 
t imes are unusually long in a complex v i s u a l situation. Further r e s e a r c h i s contem­
plated that would yield a mathematical relationship between response time and number 
of possible s t imul i , and resul ts that would explain the vocalization pheonmenon and its 
relation to angle away from direct line of v is ion. 

A C K N O W L E D G M E N T S 

The r e s e a r c h was sponsored by the Ar izona Highway Department and the United 
States Bureau of Public Roads, through the Ar izona Transportation and T r a f f i c Institute, 
using Highway Planning Survey funds. 

T h i s paper i s based on r e s e a r c h in the development of portable recording equipment 
for the measurement of eye movement latency for the Ar izona Transportation and T r a f ­
f ic Institute, The Universi ty of A r i z o n a . 

R E F E R E N C E S 

1. Diefendorf, A . R . , and Dodge, R . , "An Experimental Study of the Reactions of the 
Insane f rom Photographic R e c o r d s . " B r a m , 31:451-489 (1908). Cited by 
Woodworth, R . S . , and Schlosberg, H . , "Experimental Psychology." Holt, 
p. 502 (1954). 

2. Mi le s , W . R . , "The Reaction T ime of the E y e . " Psycho l . Monogr. , 47:268-293 
(1936). 

3. Hackman, R . B . , "An Experimental Study of Variabi l i ty in Ocular Latency ." 
J . E x p . P s y c h o L , 27:546-558 (1940). 

4. Hyman, R . , "Stimulus Information as a Determinant of Reaction T i m e . " J . E x p . 
P s y c h o l . , 45:188-196 (1953). 




