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SYNOPSIS 
I t has long been known that accidents and f a t a l i t i e s close­

l y p a r a l l e l the number of hours of darkness per day. Accident 
Facts for 1950 shov;s almost three times the f a t a l i t i e s by night 
as by day when mileage i s held constant. 

Other sources indicate hazards from rear-end c o l l i s i o n are 
not only much greater vdth respect to frequency but also with 
respect to severity, particulsirly on high speed thoroughfares 
cind i n sections where h i l l s and grades p u l l down the speed of 
heavily loaded vehi c l e s . 

That self-illuminated, r e f l e c t o r i z e d , or high r e f l e c t i n g 
surfaces, are more v i s i b l e at night i s axiomatic. However, no 
quantitative data were previously available which could be used 
i n evaluating the problem or for i n s t r u c t i o n a l and t r a i n i n g pur­
poses. Some of the more subtle aspects, such as the perception 
of distance and change i n distance when overtaking a v i s i b l e 
object and ease of seeing and judging s p a t i a l relationships, 
have not been properly considered. 

I n t h i s study three sets of experiments were car r i e d out, 
two under highv/ay conditions and one using a laboratory device 
simulating roadv<ay conditions. Variations i n headlight beams, 
both impinging and opposing, were introduced i n the laboratory 
study. Conparisons of the tv/o show si m i l a r r e l a t i v e r e s u l t s 
f o r laboratory and road studies vAien distances set for experi­
mental study are taken into account. 

V i s i b i l i t y of a lead vehicle was varied by using d i f f e r e n t 
s i z e s and i n t e n s i t i e s of t a i l - g a t e treatment with one and two 
t a i l l i g h t s used as a standard of reference. 

Surfaces having high-reflection c h a r a c t e r i s t i c s were found 
to decrease the time and d i f f i c u l t y for the discrimination of 
r e l a t i v e speeds between vehic l e s . The higher i n t e n s i t i e s a l s o 
did not show as great an increase i n time and d i f f i c u l t y when 
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the s i z e of the t a i l - s a t e surface was decreased. Certain other 
b e n e f i c i a l effects of high-contrast tareatment are shown vrtien 
variations of opposing and impinging headlight beams were used. 

Night driving accidents are knovm to be f a r out of proportion to the 
number of vehicles being driven and the mileage traveled. Available e s t i ­
mates show that 60 percent of a l l automobile accidents occur while 75 per^ 
cent of the vehicles are i n the garage. Correction for ndleage driven dur­
ing the hours of darkness further emphasizes the need for greater v i s i b i l ­
i t y of a l l objects of potential contact to a moving vehicle at night. 

One of the most dangerous types of night-driving accidents i s the 
rearuend c o l l i s i o n . With higher speeds i t i s becoming even more serious 
i n highway transportation. Motor c a r r i e r s are much interested i n reduc­
ing accidents of t h i s type on super-highways. 

The crux of the problem l i e s i n the a b i l i t y of a d r i v e r to see smd 
accurately discriminate the r e l a t i v e motion and distance of an object or 
vehicle ahead. Psychologists r e f e r to t h i s phenomenon as perception of 
r e l a t i v e motion and distance. The e f f e c t may be produced i n one of two 
Mays: (1) both vehicles or objects may be moving i n the same direction 
at different speeds, or (2) one may be stationary and the other moving. 

Since available accident s t a t i s t i c s do not include a c l a s s i f i c a t i o n 
for inadequate perception or judgment of r e l a t i v e motion and distance, i t 
i s not possible to determine the exact frequency of such accidents. Hov/-
ever, the frequency and severity of reported accidents of t h i s type were 
deemed s u f f i c i e n t to warrant the studies being reported. While the prob­
lem i s generally recognized, no quantitative data have been introduced 
wliich mi£,ht be used to reduce t h i s hazard on the highv;ays. 

The purpose of these experiments uas to measure a driver's perception 
or judgment time to various degrees of v i s i b i l i t y of a vehicle ahead tmder 
normal roadivay conditions. The basic psycho-physical method of judgment 
time was used. The general hypothesis set up for experimental investiga­
t i o n was that increasing v i s i b i l i t y of the lead vehicle v j i l l (1) decrease 
the time for determining the d i r e c t i o n of the speed d i f f e r e n t i a l , (2) de­
crease the d i f f i c u l t y of perception or judg'iient of the speed d i f f e r e n t i a l , 
and (3) decrease the distance the vehicle i s judged to be away. 

I t i s assumed, for the present, that me-isurements under i d e a l condi­
tions of atmosphere, etc., vd.ll give r e l a t i v e indices of comparison. Fur­
ther studies are being planned to measure the effects of such factors as 
smoke, fog, r a i n , and other contributing variables. Other assun^jtiona 
made were: 

1. The nonnal variations i n f i x a t i o n and reaction time of an observ­
er constituted a negligible source of error between the various experi­
mental conditions. 

2. The r e l a t i v e discrimination e f f i c i e n c y for the various experi­
mental conditions would not be materially affected by actual driving per­
formance. 

3. Variation i n a b i l i t i e s of the observers affected a l l the experi­
mental conditions the same. 

4. Each observer i.as motivated to do h i s best on each observation. 
As a c r i t e r i o n of v i s i b i l i t y , the four factors l i s t e d by luckiesh 

(3) v/ere used. These factors are ( l ) time f o r perception, (2) s i z e of 
the v i s u a l task i n v i s u a l an^le, (3) amount of o v e r - a l l illumination, and 
(4) the contrast bet\/een the v i s u a l task and background. I n the experi­
ment, perception time or judgment time was considered as the dependent 



v a r i a b l e . The other three c r i t e r i a o f v i s i b i l i t y as they a f f e c t percep­
t i o n time were t r e a t e d as independent v a r i a b l e s . 

The three s e r i e s of experiments viere: Series I i n which c o n t r a s t ra­
t i o s vjere v a r i e d i n a c t u a l highway c o n d i t i o n s , I I i n which the s i z e and 
contr a s t r a t i o were v a r i e d , and I I I i n which a r e p e t i t i o n o f I v;as made 
under l a b o r a t o r y conditions v d t h c e r t a i n l i g h t i n g changes. 

Apparatus and Procedure f o r Actual Roadway Experiments 

I n Series I o f these studies two vehicles v)ere used on the highway 
f o r the experimental observations. These consisted o f an Oldsmobile se­
dan and a panel t r u c k equipped w i t h s u i t a b l e apparatus as shovna i n 
Figure 1 . 

11- V 

Figure 1 . Car and Truck Used i n the Experiment, Shovang E x t e r n a l 
Equipment on Car, and Panel Rack on the Back o f the Truck 

The e s s e n t i a l u n i t s of the apparatus i n the t e s t car f o r the road 
experiments v/ere: ( l ) an exposure device wiiich r e s t r i c t e d the v i s i o n 
of t h e subject u n t i l a cei-tain i n s t a n t v/hen exposure ' as de s i r e d , (2) a ; , 
t i m i n g device r e g i s t e r i n g i n hundredths of a second v/as s t a r t e d when 
the observer had the f i r s t c l e a r viev; ahead, (3) an e l e c t r o n i c voice key 
wiiich made i t possible f o r a v e r b a l response t o stop the t i m i n g u n i t , 
(4) a radio r e c e i v e r and t r a n s m i t t e r f o r communication w i t h the other ve­
h i c l e , and (5) the standard headlights f o r i l l u m i n a t i o n o f various s t i m ­
u l i presented. A more d e t a i l e d d e s c r i p t i o n o f the apparatus used was 
made by Kj e r l a n d and Lauer ( 1 ) . 

The exposure device (Figure 2) consisted of a r o t a t i n g s h u t t e r mount­
ed on the r i g h t - f r o n t vdndow of the t e s t car. With the s h u t t e r i n the 
v e r t i c a l p o s i t i o n , the observer's v i s i o n was r e s t r i c t e d by d i r e c t i n g him 
t o f i : : a t e on a white t a r g e t j u s t below the lov^er edge of the s h u t t e r a t 
an o b j e c t 150 f e e t away. A s o f t b a l l painted v^hite v/as used f o r t h i s pur­
pose. This permitted the observer's eyes t o be adapted t o the i l l u m i n a ­
t i o n l e v e l produced by l i j i h t r e f l e c t e d from the road>'.'ay and t o be accom-
m.odated f o r distance as they would be when d r i v i n g . (Accomraodation over 
20 f t . i s considered i n f i n i t y . ) The observer had u n r e s t r i c t e d -vision 
ahead v/hen the s h u t t e r v.'as i n the h o r i z o n t a l p o s i t i o n . Pov/er t o r o t a t e 
the s h u t t e r was suj^plied by a sp r i n g and the release c o n t r o l l e d by a sole­
noid-operated l e v e r v/hich meshed w i t h a r a t c h e t v/heel. A micro-smtch 
v/liich opened the shutter also s t a r t e d the S p r i n g f i e l d time c l o c k . When 
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the observer responded i n t o the 
voice key the t i m e r vfas stopped and 
the s h u t t e r closed. 

The headlights o f the t e s t car 
were measured at the "hot spot" of 
the upper beam and were found t o 
have approxLraately 75 >000 b.c.p. i n 
the v i s i b l e spectrum. 

Equipment f o r the t r u c k con­
s i s t e d o f : ( l ) two-way r a d i o as i n 
the t e s t car, (2) tivo 48- by 68-in. 
plywood-target or t a i l - g a t e panels, 
(3) a rack f o r holding the panels 
on t h e t a i l - g a t e , and (4) tv;o t a i l -
l i g h t s T/Mch could be used a t v d . l l . 

Each side of the tvro panels 
v;as covered w i t h a m a t e r i a l o f d i f ­
f e r e n t r e f l e c t i o n c h a r a c t e r i s t i c . 

Figure 2. Exposure Device Mounted 
on the Right Windshield o f the 

Experimental Car 

The f o u r r e f l e c t i o n c h a r a c t e r i s t i c s thus a v a i l a b l e were 0.04, 1.0, 40, 
and 220. R e f l e c t i o n c h a r a c t e r i s t i c s v;ere e s t a b l i s h e d b;r using f l a t T/hite 
p a i n t as the standard o f reference and designated as i m i t y , and the num­
bers represent the r e l a t i v e amount of l i g h t r e t u r n e d tov/ards the source 
at an angle of divergence o f 0.33 degree. The m a t e r i a l v/ i t h a r e f l e c t i o n 
c h a r a c t e r i s t i c o f 0.04 was f l a t - b l a c k p a i n t , and the m a t e r i a l s v d t h char­
a c t e r i s t i c s o f 40 and 220 v;ere r e f l e c t o r i z e d m a t e r i a l s o f the r e f l e x -
r e f l e c t o r type. 

A t a i l l i g h t v/as mounted a t v e r t i c a l center o f the panel on each 
side o f the panel rack. With both l i g h t s t u r n e d on, the t a i l l i g h t s were 
found t o give approximately 2.6 b.c.p. i n the v i s i b l e spectrum. The head­
l i g h t s o f the t r u c k v;ere turne d o f f d u r i n g the experimental t r i a l s t o 
e l i m i n a t e any l a t e r a l cues. The rack on the back o f the t r u c k h e l d the 
panels securely i n a v e r t i c a l p o s i t i o n v d t h detachable clamps t o make 
changes pos s i b l e i n the minimum of t i m e , which was o f the order o f one 
minute. 

A l e v e l g r a v e l road v/as selected as the s i t e f o r the experimental 
t r i a l s . The road was seldom t r a v e l e d and no t r i a l s viere made when ther e 
were other v e h i c l e s i n t h e v i c i n i t y . The procedure r e q u i r e d t h a t the 
t e s t car be s t a t i o n a r y and the t r u c k e i t h e r backed tov;ards o r d r i v e n av/ay 
from the t e s t car. The observer sat i n the r i g h t - f r o n t seat of the t e s t 
car and was i n s t r u c t e d t o determine as q u i c k l y as possible the d i r e c t i o n 
of movement of the v e h i c l e ahead a f t e r the s h u t t e r opened. He v/as d i ­
r e c t e d t o c a l l out " f a s t e r " i f the v e h i c l e v,-as going away, and "slov/er" 
i f t h e disteince betvieen the v e h i c l e s v;as decreasing. Each observer v;as 
given a short t r a i n i n g p e r i o d on the l a b o r a t o r y apparatus t o f a c i l i t a t e 
t h e speed and accuracy o f response. The t r a n s c e i v e r v;as used by the 
operator i n the t r u c k t o i n d i c a t e v;hen the t r u c k v;as i n the proper p o s i ­
t i o n f o r the t r i a l t o begin and by the experimenter i n the car t o s i g n a l 
when the t r i a l v;as completed. 

A f t e r each t r i a l was completed the p e r c e p t i o n , or judgment, time was 
recorded and the subject asked i f i t had been very easy, easy, of average 
d i f f i c u l t y , d i f f i c u l t , o r v e r y d i f f i c u l t t o perceive the d i r e c t i o n o f move­
ment. A f t e r the sf^ries o f t r i a l s on each experimental c o n d i t i o n he \ia.s 
again asked t o estimate the distance as v j e l l as speed d i f f e r e n t i a l i n 
iidle s per hour betv;een the two v e h i c l e s . I n a l l cases t h e distance and 



speed d i f f e r e n t i a l s were as nearly the same as possible, since i t was de­
sired to determine whether one experimental condition was Judged consist­
ently different from another under such conditions. The difference i n 
distances a t about 500 feet would produce changes considered to be l e s s 
than the J.n.d. ( j u s t noticeable difference). 

Results for Series I 

A - PERCEPTION TIME 

For Series I the truck was exposed at a distance of 500 feet and 
was moving at a speed of 5 nd.. per hr«, either towards or away from the 
observer i n the t e s t car. 

The s i x experimental conditions presented to 24 subjects for a t o t a l 
of 576 observations were: (1) A panel with r e f l e c t i o n c h a r a c t e r i s t i c of 
0.04 and no t a i l l i g h t s ; (2) The same panel with one t a i l l i g h t on the 
l e f t side; (3) The same panel with two t a i l l i g h t s , one on each side; (4) 
A panel vdth R . c Z i of 1 with no t a i l l i g h t s ; (5) No t a i l l i g h t s and a 
panel with R.C. of 40; (6) R.C. of 220 with no t a i l l i g h t s . 

Each experimental condition was exposed four times to each subject, 
twice with the distance increasing and twice vdth i t decreasing. The or­
der of presentation was systematically rotated i n an ef f o r t to cancel out 
such factors as practice and fatigue. The observers for a l l three s e r i e s 
were males and held driver l i c e n s e s . 

I n t h i s s e r i e s of experiments, s i z e and contrast were used to vary 
the v i s i b i l i t y of the truck. The f l a t - b l a c k represented minimum v i s i b i l ­
i t y . The condition using one t a i l 
l i g h t was the minimum highly defined 
v i s u a l angle used. IV'o t a i l l i g h t s 
provided a horizontal v i s u a l angle 
of a magnitude about 20 times great­
er, while the three panels with the 
higher r e f l e c t i o n c h a r a c t e r i s t i c s 
offered a horizontal angle about the 
same as that of the two t a i l l i g h t s 
and a v e r t i c a l angle as discrimina­
t i o n cues. (There are eight or nine 
psychological cues for discidminat-
ing distance which cannot be review­
ed here.) 

Variations i n contrast were 
achieved through the use of the pan­
el s vdth different r e f l e c t i o n char­
a c t e r i s t i c s as already described. 
Over-all illumination v/as kept con­
stant i n t h i s s e r i e s by using only 
the high beam of the headlights on 
the t e s t car with the motor running 
at a speed to insure charging of 
battery by the generator. 

The mean perception times. 
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Figvu*e 3. Mean Values for Series I 

/2 Throughout the discussion of r e s u l t s r e f l e c t i o n c h a r a c t e r i s t i c s w i l l 
be designated as R.C. and^the r e l a t i o n to flat-white as 1. The 
other surfaces w i l l be designated as 0.04, 40 or 220. 



R C I 
R C . 40 -
R C - 2 2 0 -

/H PERCEPTION TIME 

d i f f i c u l t y judgments, and distance judgments are shown i n Figure 3, A, B, 
and C. Because of greater pragmatic value and lin d t a t i o n of space, only 
data for the distance decreasing between the vehicles are presented here, 
and since there were no s t a t i s t i c a l l y s i g n i f i c a n t differences i n the speed 
judgments these data are also not included. 

The data were subjected to the T-test to determine i f mean differences 
obtained were s t a t i s t i c a l l y r e l i a b l e . I n a l l cases where differences are 
indicated as s i g n i f i c a n t i n the remainder of t h i s paper they are s i g n i f i ­
cant a t the 5 percent l e v e l or higher unless otherwise stated, t h i s being 
the accepted l e v e l for the acceptance or rej e c t i o n of a hypothesis being 
tested. 

S t a t i s t i c a l l y s i g n i f i c a n t differences found i n Series I were: 
A. Perception time. (Note values 

on the graph), 
1. The mean times for one 

t a i l l i g h t , two t a i l l i g h t s , R.C. 1, 
R.C. iltO, and R.C. 220 were a l l s i g ­
n i f i c a n t l y l e s s than the mean time 
for R.C. 0,04, 

2, The time for two t a i l 
l i g h t s was s i g n i f i c a n t l y l e s s than 
for one t a i l l i g h t , 

3, The times for R.C. 40 and 
R,C. 220 were s i g n i f i c a n t l y l e s s than 
the time for either one or two t a i l 
l i g h t s . 

4. Since one subject contrib­
uted heavily to the mean differences 
between R.C. 1 and R.C. 40 and R.C. 
220 they were not s t a t i s t i c a l l y r e ­
l i a b l e , even though the mean d i f f e r ­
ences were greater than i n the case 
of two t a i l l i g h t s . 

B. D i f f i c u l t y Judgments. For 
s t a t i s t i c a l treatment, scale values 
of 1 to 5 were assigned the l e v e l s 
i n the d i f f i c u l t y scale: 1, very 
d i f f i c u l t ; 2, d i f f i c u l t ; 3, average 
di f f i c x i l t y ; 4, easy; and 5, very 
easy. 

1. S t a t i s t i c a l l y r e l i a b l e 
differences for the judgment of d i f f i c u l t y vrei-e i n the same comparisons as 
for the perception time, except i n two cases v/hich vfere not s i g n i f i c a n t : 

a. The difference between one and two t a l l l i g h t s . 
b. The difference between R,C, 220 and two t a i l l i g h t s . 

C. Distance judgments. 
1, Two t a i l l i g h t s , R.C, 40, and R.C, 220 were judged s i g n i f i c a n t l y 

closer than were the experimental conditions of R.C. 0.04 and R.C. 1. 
As two t r i a l s were given for each subject on each ^^qjerimental con­

dition for the perception times and d i f f i c u l t y judgments, i t was possible 
to obtain r e l i a b i l i t y c o e f f i c i e n t s for the method by'correlating the r e ­
s u l t s from the f i r s t t r i a l with the second. The Spearman-Brown formula 
was applied to the obtained correlations to estimate the r e l i a b i l i t y of the 
combined t r i a l s . R e l i a b i l i t y coefficients obtained are shown i n Table 1, 
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Figure 4, Mean Values for Series I I . 



Table 1 

R e l i a b i l i t i e s for Perception Time and Judgment 
of D i f f i c u l t y for Series I Experiment. 

R e l i a b i l i t y Coefficients 
Experimental Perception D i f f i c u l t y 
Condition Time Judgment 

R.C. 0.04 0.792 0.562 
One t a i l l i g h t 0.932 0.726 
Two t a i l l i g h t s 0.875 O.567 
R.C. 1 0.915 0.715 
R.C. 40 0.790 0.600 
R.C. 220 0.942 0.882 

Results for Series n - Roadway Experiment 

For Series I I the same general conditions v/ere used as for Series I 
except that the truck v/as exposed at a distance of 700 f e e t . I n t h i s 
series s i z e and contrast vrere the independent variables set for experi­
mental study. S i x different s i z e s of the panels vdth r e f l e c t i o n char­
a c t e r i s t i c s of 1, 40, and 220 v/ere exposed to 24 observers. Tvro t r i a l s 
were given to each observer vdth the distance decreasing, but to reduce 
the t o t a l nvmiber of t r i a l s there vras no standard number .of t r i a l s for 
the distance increasing since t h e i r observations were considered to be 
secondary. Only enough t r i a l s ivith the truck tr a v e l i n g f a s t e r v;ere i n ­
cluded to insure that a choice s i t u a t i o n was maintained. A t o t a l of 54 
t r i a l s was given to each subject, making a t o t a l of 1,296 separate pre­
sentations. The order of presentation v/as rotated to cancel out any 
methodological er r o r s . 

Each s i z e of the stimulus panels exposed was 70 percent of the next 
larger s i z e to give proper psychophysical discriminative u n i t s . The s i x 
sizes used were: 

(1) 46.2- by 67-in. (4) 27- by 39.3-in. 
(2) 41- by 53-in. (5) 22 .6- by 32.9-in. 
(3) 32.3- by 46.9-in. (6) 18 .9- by 27.5-in. 

Size of the panels v/as varied by attaching a fl a t - b l a c k roll-tjrpe 
vdndov/ curtain on each side of the panel rack on the truck. Each cur-
t£dn v/as pulled into the center and hooked to frame the s i z e s smaller than 
the o r i g i n a l panels. This made possible the use of the same stimulus sur­
face for a l l ' s i z e s and also saved some time i n making changes. Results 
obtained for Series I I are shov/n i n Figure 4» A, B, and C. 

The s t a t i s t i c a l l y s i g n i f i c a n t differences for t h i s s e r i e s were: 

A. Perception time. 
1. For s i z e 3 (see s i z e s l i s t e d above) the time for R.C. 

220 v/as s i g n i f i c a n t l y l e s s than for R.C. 1. 
2. I n the case of s i z e 5, the times for R.C. 40 and R.C. 220 

v/ere s i g n i f i c a n t l y l e s s than for R.C. 1. 
3. For size 6, the time for R.C. 220 v/as s i g n i f i c a n t l y l e s s 

than for R.C. 1. The difference between R.C. 40 and 
R.C. 1 was s t a t i s t i c a l l y r e l i a b l e at the 10 percent l e v e l . 



4. For R.C. 1, there was a s i g n i f i c a n t increase i n the times 
as the s i z e decreased, i . e . , betv/een s i z e 1 and si z e s 5 
and 6. 

B. D i f f i c u l t y judgments. 
1. For s i z e s 4, 5. and 6, R.C. 1 was judged s i g n i f i c a n t l y 

mare d i f f i c u l t (lower scale value) than ^vere the condi­
tions of R.C. 40 and R.C. 220. 

2. I n the case of R.C. 1, s i z e s 1 and 2 were judged s i g n i f i ­
cantly easier than s i z e s 3« 4» 5» and 6. 

3. For R.C. 40, s i z e s 1, 2, and 4 were judged s i g n i f i c a n t l y 
easier than s i z e 6. 

4. I n the case of R.C. 220, s i z e s 3 and 4 were judged s i g n i f ­
i c a n t l y easier than s i z e 6. 

C. Distance judgments. 
1. R.C. 40 v/as judged s i g n i f i c a n t l y closer than R,C. 1 for 

s i z e s 3> 4> and 5. 
2. R.C. 220 v/as judged s i g n i f i c a n t l y closer than R.C. 1 on 

s i z e 4. 
3. I n the case of a l l three, R.C. 1, R.C. 40, and R.C. 220, 

there were s i g n i f i c a n t increases i n the distance judgments 
as the s i z e v/as decreased. 

R e l i a b i l i t y c o e f f i c i e n t s v/ere obtained for each different r e f l e c t i o n 
c h a r a c t e r i s t i c on a l l s i x s i z e s and are shown i n Table 2. 

Table 2 

R e l i a b i l i t i e s for Perception Time and Judgment 
of D i f f i c u l t y i n Series I I Experiment. 

R e l i a b i l i t y Coefficients 
Reflection Perception D i f f i c u l t y 
C h a r a c t e r i s t i c s Time Judgment 

R.C. 1 0.921 0.635 
R^C. 40 0.870 0.771 
R.C. 220 0.805 0.723 

Apparatus and Procedure for Laboratory Experiments. 

Actual road experiments are co s t l y and time consuming. I n addition 
there are many l i m i t i n g factors such as v/eather, n i ^ t time observations, 
moonli^t, d i f f i c u l t y of obtaining observers, etc. Consequently an en­
deavor was made to design an apparatus that v/ould simulate highivay s i t u a ^ 
tions as nearly as possible. The apparatus, shov/n i n Figure 5, v/as b u i l t 
to the sca l e of J inch to 1 foot. 

Two endless b e l t s , driven by an e l e c t r i c motor through f l u i d - d r i v e 
transmissions, were mounted i n a dark tunnel 43 f t . long. On the right 
b e l t ( l i g h t lane) a box, simulating a truck, was attached for carrying the 
various s t i m u l i . The t r a v e l of t h i s belt v/as set for an equivalent speed 
of 10 m.p.h. i n either d i r e c t i o n , and was controlled within an error of 
plus or minus 1 m.p.h. A set of opposing l i g h t s was designed for placement 
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Figure 5. Laboratory Apparatus 
Scotometer 

on the l e f t b e l t at an equivalent 
distance of 500 f e e t . This b e l t was 
kept stationary for the experiments 
herein reported. 

The subject viewed the s i t u a ­
t i o n through a periscope as shown 
i n Figure 5. The l i n e of sight was 
adjusted i n such a manner as to pre­
vent the subject from obtaining cues 
vdth respect to direction of t r a v e l 
of the target by v/atching the b e l t . 
A shutter was mounted i n t h ^ pert-
scope f o r occluding the stimulus un­
t i l the desired instant of exposure. 
Each observer was dark adapted to 
approximately the night-driving l e v ­
e l by placing him i n the observation booth f o r 5 n i n . before beginning the 
experimental runs. Complete adaptation v;as not desirable for the present 
purposes. Tivo l i g h t s were placed i n the periscope for approximate repro­
duction of the illumination produced by r e f l e c t . 

The l i g h t i n t e n s i t i e s from both the high and low beams of the car 
used for the ac t u a l road experiments vvere measured at various distances. 
The impinging l i g h t source and the opposing l i g h t s of the apparatus were 
calibrated to furnish the same amount of l i g h t a t the same scale d i s ­
tance . Z 2 The amount of l i g h t obtained Mas approximately equal to that 
obtained on the road with 75,000 effective b.c.p. on the upper beam and 
21,000 effective b.c.p. on the loiver beam. The word eff e c t i v e i s used to 
indicate the power of the l i g h t s as calculated from the formula 

b.c.p. = (foot candles)(distance i n feet )2 
vrfien the foot candles vfere measured at a point d i r e c t l y i n front of the 
car. A 

I n the box used for carrying the stimuli a system of dry c e l l s , var­
ia b l e resistance, milliameter, and two red l i g h t s was designed for repro­
duction of the t a i l l i g h t s on the truck used for the road experiments. The 
cal i b r a t i o n of the t a i l l i g h t s vras not possible with the equipment used 
for c a l i b r a t i n g the headlights. Therefore i t was necessary to develop a 
subjective method: 

The truck used was placed at 600 feet, and the box vdth the t a i l 
l i g h t s at a scale-distance of 600 f e e t . Through successive adjustments 
of the rheostat, four observers judged v/hen the t a i l l i g h t s of the labora­
tory apparatus were equivalent to the i n t e n s i t y of the t a i l l i g h t s on the 
truck. Readings on the milliameter were recorded and averaged to obtain 
a standard setting for the t a i l l i g h t i n t e n s i t y obtained. 

I n addition to the calibrations of the various l i g h t s , subjective 
judgments of the l i g h t s i n the apparatus were obtained from several ob­
servers. They a l l reported that the i n t e n s i t y of the l i g h t s c l o s e l y ap­
proximated that of situations which they had met on the highvfay at n i ^ t . 

/3 The eqxiipment used for cal i b r a t i n g the l i g h t s was a Viscor corrected 
Weston Photronic c e l l , and a portable Leeds and Northrup d'Arsonval 
galvanometer, 

/4 This formula has been found to hold very c l o s e l y for headlights beyond 
the distance of 60-75 feet d i r e c t l y i n front of a car. 
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O N E T A I L L I G H T • 
T W O T A I L L I G H T S » 
R C I 
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g 5 0 0 

S « 0 0 -

PERCEPTION TIME 

DIFFICULTr JUDGMENT 

DISTANCE JUDGMENT 

Vfhen the box carrsdng stimuli 
passed the point of 600 feet s c a l e -
distance, i t closed a switch which 
opened the shutter and started the 
timer. The same timer and other ap­
paratus as described i n Series I 
were used. The decision to place 
the opposing l i g h t s at 500 feet and 
expose the s t i m u l i at 600 feet was 
based upon Roper's (4) findings, 
that the minimum v i s i b i l i t y i s ob­
tained when the opposing l i g h t s were 
between the observer and the target. 
(Further study of the phenomenon i s 
being made vdth the scotometer,) The 
subject v/as instructed to respond 
with " f a s t e r " or "slovfer," spoken 
b r i s k l y into the microphone of the 
voice key as on the road experiments. 
The response of the observer closed 
the shutter and stopped the timer 
vdth the minimum of error. There 
v/as a s l i g h t l a g of from .08 to ,12 
seconds v*dch was constant for a l l 
conditions. The obseirver was a l s o 
asked to make d i f f i c u l t y and d i s ­
tance judgments as i n Series I and 
I I , As no s i g n i f i c a n t differences 
had been found for the speed e s t i ­
mations i n the preceding road experiments, t h i s factor v;as eliminated from 
the laboratory procedure, , 

Ejqjerimental conditionsZS, exposed were one t a i l l i g h t , tvfo t a i l lights,] 
and panels of R,C, 1, R.C. 40, and R.C. 220 of a scale s i z e equivalent to 
the l a r g e - s i z e panels used for the road esqjeriments, These f i v e conditions 
were exposed under variations of the l i g h t source and opposing l i g h t s , 
graduating from most favorable to the most unfavorable conditions f o r mak­
ing the observations: 

Test Car Oncoming Car Hear Target 
(1) High beam no opposing l i g h t s 
(2) Low beam no opposing l i g h t s 
(3) High beam low-beam opposing l i g h t s 
(4) Low beam low-beam opposing l i ^ t s 
(5) High boam high-beam opposing l i g h t s 
(6) Low beam high-beam opposing l i g h t s 

For each condition t-.TO t r i a l s vdth the distance decreasing were given 
to 30 subjects, and enough t r i a l s vdth the distance increasing were i n t e r ­
spersed to insure that a choice situation v/as maintained. I t was planned 
to give each subject 84 t r i a l s , but i n some cases the subjects were unable 
to see the stixmili at the scale distance of 600 f e e t . There was a t o t a l 
of approximately 2,400 observations. The order of presentation v/as ro­
tated systaniaticJilly, 

•I B E A M H I O H B E A M L O W B E A W LOW O E A M K U H BEAM LOW B E A M 
N O LO«-aeu LOW B E A U MO HICH-BCAU HlOH-BEAM 

opposinoopposino OPP031N0 OPPOSIMO OPPOSIW O P P O S M O 
UOMTS LIOMTS 

U G H T CONDIT IONS 

Figure 6, Mean Values f o r 
Series I I I 

^ Laboratory duplication of Series I vdth modification. 
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Results for Series I I I 

The r e s u l t s obtained for Series I I I are shown i n Figure 6. The inde­
pendent variables were s i z e , contrast and o v e r f a l l iUumination, I n some 
cases no,points on the graphs are sho\m for c e r t a i n conditions. I t was i n 
these cases that so few subjects could perceive the stimulus that a r e l i ­
able mean measurement could not be obtained as the opposing l i g h t s com­
pl e t e l y masked the t a i l l i g h t s . This point i s of considerable significance 
as an i n c i d e n t a l observation. 

The significance of the differences found i n Series I I I are: 

A. Perception time. 
1. The time for one t a i l l i g h t was s i g n i f i c a n t l y longer than 

for a l l the other conditions, except i n the case of two 
t a i l l i g h t s with low beam with low-beam opposing l i g h t s . 

2. Times for either of the three panels of different r e f l e c ­
t i o n c h a r a c t e r i s t i c s were s i g n i f i c a n t l y l e s s than the 
times for two t a i l l i g h t s i n a l l cases, except i n the 
case of R.C. 1 and low beam with no opposing l i g h t s , 

3. For the l i g h t conditions of low beam with no opposing 
l i g h t s , there were s i g n i f i c a n t differences between R.C. 1 
and the conditions of R.C. 40 and R.C. 220. 

4. There was a s i g n i f i c a n t difference between R.C. 40 and 
R.C. 220 for the conditions of high beam with high-beam 
opposing l i g h t s . 

5. Although only 11 subjects perceived R.C. 40 for the condi­
tions of low beam v/ith high-beam opposing, the difference 
between i t and R.C. 220 i/as s t a t i s t i c a l l y r e l i a b l e a t the 
10 percent l e v e l . 

B. Judgment of d i f f i c u l t y . 
1. The s i g n i f i c a n t differences for judgment of d i f f i c u l t y 

were i n the same comparisons as for perception time, ex­
cept the difference betvfeen one and two t a i l l i g h t s for 
high beam with no opposing l i g h t s vfas not s i g n i f i c a n t . 

C. Distance Judgment. 
1. For the l i g h t conditions of high beam vdth no opposing 

l i g h t s , two t a i l l i g h t s , R.C. 40 and R.C. 220 were judged 
s i g n i f i c a n t l y closer than were R.C. 1. 

2. With high beam with low beam opposing, a l l conditions v/ere 
judged s i g n i f i c a n t l y closer than one t a i l l i g h t , R.C. 40 
and R.C, 220 were s i g n i f i c a n t l y l e s s than two t a i l l i g h t s 
and R.C. 1. 

3. A l l the conditions were judged s i g n i f i c a n t l y c loser than 
one t a i l l i g h t for low beam with low-beam opposing. 

4. One t a i l l i g h t and R.C. 1 vfere judged s i g n i f i c a n t l y f a r ­
ther av/ay than the other three conditions for low beam 
vdth no opposing l i g h t s . 

For the variations i n the amount of o v e r - a l l illumination, the main 
sig n i f i c a n t differences were: 
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A. Perception time. One t a i l l i g h t and R.C. 1 vfere s i g n i f i c a n t l y 
l e s s vdth high beam with no opposing, than on lev/ beam vdth no 
opposing l i g h t s . 

B. D i f f i c u l t y judgment. One t a i l l i g h t and R.C. 1 were judged s i g ­
n i f i c a n t l y more d i f f i c u l t on lovf besun with no opposing, than on 
high beam with no opposing, 

C. Distance judgment. One t a i l l i g h t and R.C. 1 were judged s i g ­
n i f i c a n t l y closer on high beam vdth no opposing, th£in on low 
beam with no opposing l i g h t s . 

The main s i g n i f i c a n t differences for the variations i n opposing 
l i g h t s v;ere the increases i n time and d i f f i c u l t y for R.C. l^P and R.C. 220, 
and the decrease i n perception distance for the other experimental condi­
tions iThen high-beam opposing l i g h t s were used. The r e l i a b i l i t i e s for the 
experimental conditions are shown i n Table 3. 

Table 3 

R e l i a b i l i t i e s for Perception Time and Judgment 
of D i f f i c u l t y on Series I I I Experiment. 

£xperijiiental 
Condition 

R e l i a b i l i t y Coefficients 
Perception D i f f i c u l t y 

Time Judgment 

One t a i l l i g h t 0.976 
Two t a i l l i g h t s 0.800 
R.C. 1 0.701 
R.C. 40 0.924 
R.C. 220 0.791 

0.659 
0.564 
0.564 
0.846 
0.763 

Most of the observers were unable to perceive at 600 feet some of the 
stimuli under the conditions of high-beam opposing l i g h t s . When a subject 
reported that he could not see the target, i t was moved tov;ards him xmtil 
i t became perceptible. The distance of the target at that point was r e ­
corded, "rile target was then moved aviay, and the subject was asked to 

K E Y 

HIGH B E A M - H I G H B E A M O P P O S I N G 
LOW B E A M - H I G H B E A M O P P O S I N G 

•I R C -40 fl c -seo 

E X P E R I M E N T A L C O N D I T I O N S 

K E Y 

S E R I E S 1 -
S E R I E S n -
S E R I E S i n -

s s \ 
\ 

\ 

• 

R c R c -40 R c ez 

E X P E R I M E N T A L C O N D I T I O N S 

Figure 7. Mean Threshold Distances Figure 8. Con?)arison between Percep-
for Series I I I t i o n Tunes f o r Series I , I I and I I I 
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report when he could no longer see 
the target. The two distances de­
termined i n t h i s manner v/ere aver­
aged to determine the threshold d i s ­
tance. The mean threshold distances 
obtained are shown i n Figure ?• 
^Ihere there are no points on the 
graph, the majority of the subjects 
were able to perceive the target at 
the 600-foot experimental distance. 
For R.C. 40 on low beam with high-
beam opposing, 19 out 30 subjects 
were unable to perceive i t at 600 
f e e t . 

I t should be recognized that 
the threshold distances shovm are 
for the conditions holding only for 
t h i s experiment. The distances are 
dependent upon such variables as 
i n t e n s i t y of headlights and t a i l 
l i g h t s , and the width of separation 
bet^veen the lead vehicle and the op­
posing l i ^ t s . V/idth of separation 
appeared to be a factor because many 
subjects reported that they were 
able to perceive the right t a i l 
l i g h t f i r s t when two t a i l l i g h t s 
were used. I t has been shovm by 
Lauer and S i l v e r (2) that the angle 
of declination greatly a f f e c t s the 
tolerance of glare. 

KEY 
S E R I E S I 
S E R I E S H 
S E R I E S m -

DIFFICULTY JUDGMENT 

DISTANCE JUDGMENT 

i 

/ s Si / 
N. / N " \ / 

/ 

• 

' 

B c -40 H c -eeo 

E X P E R I M E N T A L CONDITIONS 

Figure 9« Comparison between D i f ­
f i c u l t y and Distance Judgments for 

Series I , I I and I I I 

Comparison between On-the-Road and Laboratory Eacperiments 

ViTien laboratory experiments are made there i s aliivays the question of 
t h e i r relationship to actual road s i t u a t i o n s . As some of the same experi­
mental stimuli were used i n both the road and laboratory experiments i t 
was possible i n t h i s study to check the v a l i d i t y of the laboratory experi­
ment. The comparison between the r e s u l t s for perception time, d i f f i c u l t y 
jiidgment, and distance judgment are shown i n Pigvires 8 and 9. 

Although the actual means varied considerably, the relationships be­
tween the conditions v/ere maintained i n most instances. The one v a r i a t i o n 
between the significance of the differences was as follows: 

A. Perception time. R.C. 1 v/as s i g n i f i c a n t l y l e s s than one and two 
t a i l l i g h t s for Series I I I , but was not on Series I . 

B. D i f f i c u l t y Judgment, The s i g n i f i c a n t and non-significant d i f ­
ferences occurred i n the same instances for Series I , I I and I I I . 

C, Distance judgment. The s i g n i f i c a n t and non-significant d i f ­
ferences existed i n the same instances for Series I , I I and I I I . 



E r r o r s i n the Jwiment of Direction and Their E f f e c t Upon the Results 

Although the subjects were given def i n i t e instructions to take as 
mch time as required to be accurate, a number of errors were made i n the 
judgment of r e l a t i v e motion. The percentage of errors made for the three 
experiments are shown i n Table 4* 

Table 4 

Percent of Errors Made on the Experimental Conditions 

Experimental Percent Errors 
Condition Series I Series I I Series i n 

R.C. 0.04 27.1 a a 
One t a i l l i g h t 18.8 a 31.4 
Two t a i l l i g h t s 12.5 a 13.2 
R.C. 1 0.0 16.3 1.7 
R.C. 40 4.2 3.5 3.4 
R.C. 220 0.0 10.0 3.1 

a. No data obtained. 

A hypothesis might be stated that there was no difference betvreen 
the times for correct and incorrect responses. I t ;ras possible to t e s t 
t h i s hypothesis because i n soiiie cases a subject vias correct on one t r i a l 
and incorrect on the other f o r the same experimental conditions. For 
a l l three experiments the mean time for the incorrect responses vreis l e s s 
than for the correct responses. I n Series I and I I I , the difference was 
not statistic£illy r e l i a b l e , but-in Series I I i t was. I n other words, the 
hypothesis would be rejected for Series I I . 

Hov/over, r e j e c t i o n or non-rejection of the hypothesis v/ould not 
change the interpretation of the s i g n i f i c a n t differences which were found 
i n the three experiments. A^ shown i n Table 4, the greatest proportion of 
errors was made on the experimental stimuli which required the longer per­
ception times. I f the hypothesis were rejected, i t could be stated that 
the mean times obtained for the one >vith a r e l a t i v e l y high number of er^ 
rors were a c t u a l l y underestimates of the time means. I n that case the mean 
differences found wovild also be underestimates, and i f the true differences 
v/ere knovm the s t a t i s t i c a l confidence l e v e l v/ould be higher than was ac­
t u a l l y found. I f t h i s l i n e of reasoning i s followed, there remains the 
p o s s i b i l i t y that there are true differences i n the data which were not 
found s t a t i s t i c a l l y r e l i a b l e . Hov/ever, a similar p o s s i b i l i t y e x i s t s i n 
any piece of data analyzed by s t a t i s t i c a l methods. 

I f the hypothesis Mere not rejected, that there was no difference 
between the times for incorrect and correct responses, then the s t a t i s ­
t i c a l l y r e l i a b l e differences v;ould stand as found. 

Summary and Conclusions 

The purpose of t h i s study was to obtain certain quantitative data 
r e l a t i n g to a driver's reactions to various conditions of v i s i b i l i t y and 
perceptual value of a vehicle being overtaken on the road at night. Time 



15 

and d i f f i c u l t y for perception of the d i r e c t i o n of speed d i f f e r e n t i a l and 
estimates of distance betv/een the vehicles were obtained. Size, con­
t r a s t , and o v e r - a l l illumination were used as independent variables for 
changing the perceptual cues of the lead v e h i c l e . 

Tito experiments employed actual road conditions and one laboratory 
experiment was carried out. The e s s e n t i a l apparatus for measurement of 
the perception time consisted of (1) a shutter for control of the i n s t a n t 
vfhen the subject could f i r s t perceive the vehicle ahead, (2) a timer 
started at the f i r s t moment of perception, and (3) a voice key for stopping 
the timer vdth a verbal response when judgment was established. The data 
for the d i f f i c u l t y of perception and distance betiveen the vehicles were ob­
tained from judgment responses made by the subjects to a standard set of 
questions. 

I n l i g h t of the s t a t i s t i c a l l y s i g n i f i c a n t differences obtained, the 
follov/ing general conclusions on the effects of the three major variables 
of v i s i b i l i t y night be dravm. 

A. S i z e of v i s u a l angle and contrast between vehicle and background, 
1. Increasing the horizontal v i s u a l angle, such as compar­

ing one and two t a i l l i g h t s , reduced the time for per­
ception of the direction of speed between the v e h i c l e s . 

2. With a contrast of s u f f i c i e n t magnitude, the use of a 
v e r t i c l e v i s u a l angle of some magnitude, as w e l l as a 
horizontal, such as comparing tv/o t a i l l i f ^ t s vdth the 
rectangular panels having r e f l e c t i o n c h a r a c t e r i s t i c s of 
40 and 220, reduced the time for perception of the d i ­
rection of speed d i f f e r e n t i a l . 

3. Reducing the s i z e of the horizontal and v e r t i c a l v i s u a l 
angles of a lavi contrast, such as R.C. 1, increased the 
time and d i f f i c u l t y for perception of a speed d i f f e r e n t i a l . 

4. Reduction of the horizontal and v e r t i c a l v i s u a l angles i n ­
creased the distance estimates of the leading vehicle f o r 
various l e v e l s of contrast. 

5. Increasing the contrast from very low, R.C. 0.04, to r e l ­
a t i v e l y high, R.C. 40 and 220, reduced the time for per­
ception of the speed d i f f e r e n t i a l , 

B. Over-all illumination. 
1. A decrease i n the amount of o v e r - a l l illumination increased 

the time, and d i f f i c u l t y and distance judgments for con­
ditions of r e l a t i v e l y lov; v i s i b i l i t y , i . e . , one t a i l 
l i g h t and R.C. 1. 

Although opposing l i g h t s i»as not one of the major factors of v i s i ­
b i l i t y l i s t e d by Lucldesh ( 3 ) , i t can be concluded that the high-beam op­
posing l i g h t s reduced the v i s i b i l i t y from the increase i n perception or 
judgment time for the hif^h l e v e l s of contrast, and the decrease i n thresh­
old distances for the other experimental conditions. Under the l i g h t con­
ditions as used i n the laboratory experiment i t \ias concluded that the 
conditions of horizontal and v e r t i c a l v i s u a l angles of some magnitude, vdth 
r e l a t i v e l y high contrast, offered the conditions of maximum v i s i b i l i t y 
Vfhen high-beam opposing l i g h t s were used. Although several liiore s p e c i f i c 
conclusions could be dram, i t was the opinion of the experimenters that 
t h e i r pragmatic value did not warrant statement of them here. 
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I n general, the hypotheses set forth for experimental testing were 
supported, and the use of materials giving greatest v i s i b i l i t y and per­
ceptual value at night s i g n i f i c a n t l y decreased the time and d i f f i c u l t y for 
discriminating speed d i f f e r e n t i a l s i n most a l l cases studied. 

For application of the above conclusions to actual highv;ay s i t u a ­
tions, a basic assumption must be made that the differences found vjould 
hold over the wide variations of distances and speed d i f f e r e n t i a l s which 
e x i s t on the highways today. Since the experimental conditions generally 
maintained t h e i r r e l a t i v e ranlcs for the three distances and two speeds 
used i n the experiments, there i s some j u s t i f i c a t i o n for the asstimption at 
present. 

I t must be remembered that a l l t e s t s made here are of the more subtle 
aspects of perception, such as the discrimination of speed d i f f e r e n t i a l s 
found to operate i n driving situations. I t i s axiomatic that v i s i b i l i t y 
alone i s a factor of brightness-contrast, although t h i s might vieU be 
nore s p e c i f i c a l l y stated i n quantitative terms. I n summary, high percep­
t u a l values of vehicles and other objects on the highway establish a s i g ­
n i f i c a n t safety factor a t nii'^ht. 
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