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The driver's judgments and decisions at a right-angle nonsignalized inter
section in relation to the degree of glare exposure were examined by using 
both conventional and polarized headligbting. The study was conducted on 
a runway of an airport in a dark rural environment. Two types of proce
dures were employed during the test. In the first, the subject driver sta
tioned in a vehicle was asked to judge the "last safe moment" to start 
across the intersection ahead of the approaching test vehicle from the 
right. In the second procedure he performed the crossing maneuver. 
Two age groups, of 10 male drivers each, were recruited to participate 
in the experiment. Statistical analyses show significant differences in the 
d1·iver's reaction among differentlighting modes . Under the more glaring 
conditions, the subject drivers required longer gap-acceptance times and 
there was greater variance in the data. Both age groups had the same 
pattern of gap-acceptance values for each lighting mode. In the perfor
mance runs, the younger age group had shorter gap-acceptance values and 
less variability among drivers. Although low-beam lamps were least 
bothersome, according to the discomfort glare evaluation done by the sub
ject drivers, both polarized high-beam systems studied were superior to 
conventional high-beam systems. 

•THE DRIVER'S BEHAVIOR at a street intersection is a complex series of judgments 
and decisions. The driver, as he approaches or waits at a nonsignalized intersection, 
visually searches for oncoming vehicles on the other legs of the intersection. If there 
is an approaching vehicle, the driver probably estimates the distance and speed of that 
vehicle and its likely maneuver on reaching the intersection. He then weighs these 
judgments and decides whether it is safe to enter the intersection. 

This task becomes more complicated at night. The oncoming vehicle's head lamps 
may make it easier to detect the presence of the vehicle, but glare from these head
lights makes estimation of speed and distance more difficult. Where no fixed source 
of illumination is present, details of the surrounding environment are lacking and the 
oncoming vehicle's headlights will increase the already difficult visual task. 

During the past quarter of a century, a number of improvements have been sug
gested for the control of head-lamp beams to improve the night driving environment. 
One of the most promising methods for reducilig glare and improving Visibility in
volves the use of linear polarizers at 45 deg to the horizontal on the head lamps, with 
the driver viewing his surroundings through a parallel analyzer or viewer. As 2 ve
hicles so equipped approached each other, the polarizer over the lamps of the 1 vehi
cle would be crossed to the analyzer on the other vehicle and no direct glare would be 
transmitted. Most of the research involving polarized headlighting has been involved 
with target detection and other visibility types of situations in a head-on encounter be
tween 2 vehicles. Little or no attention has been devoted to the right-angle situation, 
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where glare alone may be the most important variable affecting driver behavior. Yet 
as the driver moves from the rural into the suburban environment the frequency of 
these right-ru1gle encounters increases. In the suburban environment, gap acceptance 
is a critical parameter for head-lamp design because speeds are lower and sight dis
tance requirements are less critical. 

In a recent study by Tsongos and Weiner (1), an isolated, unlighted, suburban in
tersection was observed both day and night. Differences in gap-acceptance p1·obability 
of day and night drivers were noted, particularly near the end of the gap-size distribu
tion. The nighttime driver was more likely than his daytime counterpart to reject a 
very short gap (2 and 3 sec). It is at this part of the encounter that the disability glare 
phenomenon approached its maximum and that even small errors in judgment can be-
co1ne critical. 

Because almost all of the vehicles observed during this study were using low- beam 
head lamps, it was not possible to determine whether glare was indeed a factor in the 
rejection of these short gaps. However, with at least one of the common suggested 
analyzer designs for a polarized headlighting system, glare would be increased in the 
right-angle situation. It was the purpose, therefore, of this experiment to control the 
degree of glare exposure and evaluate the behavior of drivers in making gap
acceptance judgments by using both conventional head lamps and polarized lighting 
with 2 differing types of analyzer systems. 

TEST PROCEDURES 

The experiment was conducted on a runway at the Beltsville Agricultural Research 
Center Airport operated by the U.S. Department of Agriculture. This airport is 
closed at night and, therefore, the experiment was l'Ull under highly controlled environ
mental conditions. The environment was that of a dark rural area with no extraneous 
light sources. The test was performed only under clear atmosphere and on a dry road 
surface. 

The airport consisted of 2 intersecting runways, each approximately 3/r mile long. 
An at-grade intersection with a unidirectional highway was simulated at a point near 
where the 2 runways crossed. There was a 3,200-ft long constant grade approach from 
the subject driver's right side. The surface had recently been repaved with a black 
asphalt overlay, and two 12-ft lanes had been marked on it with 4-in., nonreflective, 
white solid edge markings and dashed centerline. 

A subject driver was stationed in a vehicle sitting at the intersection as shown in 
Figure 1. A test driver was stationed at the end of the runway. On command the test 
driver turned on his vehicle's lights, accelerated to constant speed, proceeded down 
the lane nearest the subject vehicle, and approached it at a right angle. Once the test 
driver had passed the subject driver, he turned a,round and proceeded back to the start
ing point to set up for the next run. The test d1·iver and experimenter communicated 
via mobile radios. 

Two types of experimental procedures were used during the study. In the first, 
called the judgment series, the subject was asked to judge the "last safe moment" to 
start across the intersection ahead of tile test vehicle and signal his decision by push
ing a large metallic button located on a stand just outside his window. bl this case, he 
kept his vehicle stalionai·y while reacting. In the second procedure, called the per
formance series, the subject actually performed the crossing maneuver . Which of the 
2 procedu1·es were to be used for a given run was signaled to the subject by switching 
on 1 of 2 lights located across the intersection when the app1·oaching test vehicle was 
1,600 ft from the intersection. A red light was used to indicate a judgment run and a 
green light for a r un in which an actual crossing was to be made. 

It was felt that the first type of procedure would allow for better control of the 
stimulus condition and would have less inherent variability. lt was therefore possible 
to use fewer subjects Wlder more experimental conditions. The second procedure did 
have a higher degree of realism, more closely paralleling the real-world driving situa
tion. However, it also involved some accident risks, and for this reason the bulk of 
the experiment was carried out with the semidynamic procedure of only 1 car moving. 
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Figure 1. Intersection layout. 
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Eight fully dynamic runs with both vehicles moving were interspersed with the semi
dynamic runs within a random pattern to keep the experimental subject realistic in the 
responses. 

When the red light was on and the subject signaled his decision by touching the large, 
metallic push button, which was 6 in. in diameter, an electrical pulse started a tran
sistorized timer running. The timer continued running until the test vehicle entered 
the intersection and crossed the pneumatic tube connected to an air switch (Fig. 1). 
The elapsed time between the moment of decision and the arrival of the test vehicle 
at the intersection was thus recorded to the nearest millisecond. The gap size was 
measured in terms of time. This measurement was converted to distance based on a 
constant speed for the test vehicle. This was done to allow the data from more than 
one speed to be pulled for analysis purposes. Because the test vehicle had obtained 
this predetermined velocity before the 1,600-ft point, the consistent-speed assumption 
was reasonable. 

During the performance runs when the signal light was green, the subject vehicle 
crossed a pneumatic tube placed just in front of the vehicle's front tires to start the 
timer. Otherwise, the same instrumentation was used. In order to provide an addi
tional stresser to the experimental situation, an opposing vehicle was placed across 
the intersection from the subject vehicle. During all of the performance runs and for 
one-half of the judgment runs, the opposing vehicle's head lamps were turned on. 
These head lamps were operated in the same mode as those of both the subject and 
test vehicles. At the start of an experimental run, the subject was required to ob
serve the signal lamp approximately 15 ft to the left of the opposing vehicle, as shown 
in Figure 2. 

At this point he was subjected to considerable glare under some of the head-lamp 
operational modes, and his visual adaptation was somewhat elevated. When the test 
vehicle was 1,600 ft away and the signal la.mp was turned on, the subject could shift 
his visual attention toward the test vehicle and, therefore, was no longer influenced 
directly by the glare from the opposing vehicle. 
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Figure 2. Intersection during the experiment. Test vehicle is approaching with high beam. 

The test vehicle was driven at a constant speed for each experimental run. To 
avoid the use of distance cues, 4 test vehicle speeds-20, 30, 45, and 60 mph-were 
used for the judgment conditions, and 2 speeds-20 and 45 mph-were used for the per
formance runs. The order of U1e runs was completely random with each subject re
ceiving a different order to reduce any effects of learning and fatigue on the end re
sults. A total of 40 experimental runs was used with each subject. 

On completion of each experimental run, the subject was asked to complete a sub
jective evaluation of his discomfort caused by the glare to which he was exposed dur
ing the previous run. A copy of the farm used is shown in Figure 3. 

VEHICULAR LIGHTING MODES 

Four types of lighting systems were used on the 3 vehicles involved in the experi-
ment. These consisted of the following: 

1. Conventional low beam, 
2. Conventional high beam, 
3. Polarized high beam with visor, and 
4. Polarized high beam with glasses. 

During each run, however, only 1 system was used and all vehicles displayed the same 
lighting system. 

Polarized light cannot be identified as such by the naked eye, but when suitably 
viewed through an analyzer is found to behave differently (Figs. 4 and 5). As early as 
1920, Short and Chubb pointed out the possibility of a polarized type of headlighting 
system (~). This system would provide a "light-lock" illumination in which drivers 

DISCOMFORT GLARE EVALUATION 

DRIVER: _ ____ AGE· DATE: __ _ 

NO PROBLEM 

BOTHERSOME 
VERY 
UNCOMFORTABLE 

BLINDING 

0 
0 
0 
0 

SET NO,_RUN NO. 

Figure 3. Subjective evaluation form. 

would have adequate visibility to see objects 
on the road between approaching vehicles 
but in which neither driver would recieve 
glare directly from the other vehicle's 
head lamps. By viewing these lamps through 
a crossed polarizer, a driver would per
ceive the approaching vehicle's head lamps 
as dim spots of light about as noticeable as 
parking lamps (Fig. 5). 

In a recent series of studies by Hemion 
(.!, ..§.) and Hare (~), polarized lighting sys
tems have been investigated and shown to 
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Figure 4. High-intensity head lamps without analyzer. 

be a more effective method of illumination than conventional systems for the highway
meeti.ng situation. Because it was the purpose of this experiment to study gap
acceptance behavior under various degrees of glare, a polarized system was adopted 
and 2 types of analyzers were used. The first condition involved a visor form that was 
attached to the normal sun visor. This gave good glare protection to the subject look
ing straight ahead at the signal light and opposing vehicle, but when he looked at the 
test vehicle he was exposed to a glaring intensity similar to conventional higb beam. 

The second type of analyzer was in the 
form of a pair of glasses that, therefore, 
moved with the subject's head. The de-
gree of protection, therefore, was closer 
to that of conventional low beam for this 
right-angle situation. 

Each vehicle was equipped with the 
standard 12-volt, 5%-in. diameter, type 
4001 and 4002 sealed-beam head-lamp 
system. The low-beam filaments operated 
at 50 watts each, and 4 high-beam fila
ments each required 37. 5 watts. These were 
mounted on a horizontal line in the stan
dard manner to conform to Motor Vehicle 
Safety Standard No. 108. Two additional 
5%-in. diameter, type 4001 head lamps, 
each rated at 100 watts, were mounted 

Figure 5. High-intensity head lamps with analyzer. just inside the other lamps and replaced 
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Figure 6. Vehicle equipped with a sealed-beam head-lamp system. 

the lower wattage 4001 unit for the polarized system. Figure 6 shows the test vehicle 
shortly after this study was conduc ted. {The additional lamp just to the right of t.he 
license plate was not present during this experiment.) For practical reasons , the lamps 
of the stationary opposing vehicle were mounted on a test stand directly in front of the 
vehicle instead of being physically attached and were connected with a 12-volt battery, 
which, in turn, was charged continuously so that the intensity of the head lamps re
mained the same throughout the experiment. To produce the polarized beams, dichroic 
filters were placed in front of the head lamps and were aligned so that the plane of vi 
bration of the emergent light was 45 deg to the horizontal plane . The a.xis of the ana
lyzer had the same orientation as the bead lamps and, therefore, was perpendicular 
to that of oncoming head lamps. 

EXPERIMENTAL DRIVERS 

Two groups of 10 licensed male drivers each were r ecruited to participate in the 
experiment. Each driver was used only once, completing all 40 experimental runs on 
1 night (for 1 driver from each gr oup, the runs could not be completed within the same 
night and were completed on a second night) . The first group of drivers consisted 
primarily of college students in theil' twenties with a minimum of 2 years' driving ex
perience. The second group was mainly nonengineering personnel from 2 local high
way depa1'tments . This group was selected to evaluate the effect of driver's age on 
the experimental situation . All drivers in this group were over 50 years of age. 

Berg (_g_) has shown that older drive1·s are much more sensitive to glare than are 
younger drivers. Both contrast thresholds and recovery time after exposure to glare 
are r elatively constant until approximately ages 40 and 45, and then they deteriorate 
rapidly . It was, therefore, hypothesized that the older group, while having more driv
ing experience, would be relatively poorer as a group in making the type of visual judg
ment and r eaction required in thi s test. 

The subject arrived at the test site after dark and was taken to a trailer parked 
about % mile from the intersection and given a standardized vision test. If the sub
ject driver normally used glasses for driving, they were used during all phases of the 
testing. The results of the vision tests are given in Table 1. While still in the trailer , 
the subject was given a set of written instructions and some biographical information 
was obtained. Only when all the equipment was set up and operating, was the subject 
brought out to the intersection. He was given 2 practice runs-one performance and 
one judgment-before the actual experimental runs began. 
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TABLE 1 

DRIVER VISUAL CHARACTERISTICS AND AGE 

Phoria Acuity Stereopsis 
Driver Depth Age 

Vertical Late ral Right Left Both (percent ) 

18 to 30 Years Olda 

1 0.17 -0 .66 20/ 20 20/ 17 20/ 18 88 .5 23 
2 0.17 0 .33 20/ 33 20/ 29 20/ 25 76.5 21 
3 0.17 0.33 20/ 20 20/ 18 20 / 18 102. 4 20 
4 0.50 4.33 20/ 22 20/ 29 20/ 22 96.0 23 
5 0.17 1.33 20/ 20 20/ 18 20/ 20 96 .0 20 
6 0.50 -0 .66 20/ 20 20/ 22 20/ 20 88 .5 21 
7 0.17 2.33 20/ 20 20/ 18 20/ 17 106 .5 20 
8 0 .50 1.33 20/ 18 20/ 18 20/ 18 102.4 21 
9 0.17 2.33 20/ 17 20/ 20 20/ 20 96.0 19 

10 0.17 2.33 20/ 22 20/ 25 20/ 22 88.5 20 

Over 50 Years Qlctb 

1 0.50 -1 .66 20/ 22 20/ 20 20/ 18 103.6 62 
2 0.17 -1.66 20/ 18 20/ 18 20/ 18 102 .4 60 
3 0.17 7 .33 20/ 29 20/ 40 20/ 29 56.6 70 
4 1.00 5.33 20/ 25 20/ 22 20/ 22 76.5 60 
5 0.17 0 .33 20/ 20 20/ 18 20/ 18 56.6 53 
6 0 .17 1.33 20/ 20 20/ 22 20/ 18 84.4 51 
7 0.50 4.33 20/ 22 20/ 20 20/ 18 103 .6 57 
8 0.17 1.33 20/ 25 20/ 25 20/ 29 76.5 54 
9 0.17 3 .33 20/ 20 20/ 20 20/ 18 76 .5 50 

10 0.5 -0 .66 20/ 17 20/ 17 20/ 17 96.0 54 

a Average age, 20.8 years; aY(lra9ocJrlo1J tn9 ~>c1)rirfonce, 4.5 ycmt1. 
bAverage age, 57 years; U\ICJnQe drMnu experfenco, 35.8 VO'ilfS. 

RESULTS 

The data for gap size, elapsed time between the action taken (decision) by the sub
ject driver, and the arrival of the approaching test vehicle at the intexsection, were first 
transformed into distance based on the appropriate test vehicle speed in order to com
bine the data from runs conducted at different speeds. An analysis of variance was 
performed on each experimental series to determine whether the observed differences 
in gap-acceptance means were real differences or due to variance_ in the experimental 
situations. As expected there were significant differences among lighting modes on 
both tests in judgment and performance and also between age groups in the performance 
test . 

Lighting Mode 

Further analyses were made to ascertain which of the lighting modes contributed to 
these differences. A summary of these analyses is given in Table 2. The data from 
the performance and the judi~ment series indicated statistically significant differences 
at the 5 percent l evel of confidence on the combinations of low beam versus high beam 
and low beam versus polarized beam with visor. The data from the performance test 
alone showed 2 additional combinations to be significant: high beam versus polarized 
beam with glasses and polarized beam with visor versus polarized beam with glasses. 
This is probably because the driver was more alert during the performance rw:is and 
stimulated from the involved risks, the test being performed under more realistic 
conditions. 

In general, it can be concluded that the drivers required a slightly longer gap in 
traffic under those s ituations where the glare level was highest, that is, high beam 
and polarized beam with visor. This difference in gap acceptance was no greater than 
50 ft under most situations (Tables 3 and 4). Figure 7a shows the mean values for all 
10 drivers of each age group for the performance run. Comparable data from the 20-
a:nd 45-mph judgment run a.re shown in Figure 7b. The data show similar trends, and 
small differences in the judgment runs are due largely to the experimental situation. 
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TABLE 2 

SUMMl\ l!Y OF ANi\L\'SES OF VARJANCE ON 
LIGHTING MODE COMB!Ni\TIOl'IS 

Source of Variation 

Judgment l esl 
Low beam nnd high benm 
Low beam and 1>ol1trlzed benm with glasses 
1.010 betun nnd polarized benm with v!so1· 
High baum and polarlicd b am wlih glasses 
High beam and polnrlz«I beam with visor 
Polarized bc.-i.m wit.h ~ lassos nnd with visor 

P e riu1 uUtii.Ce test 
Low hc:lnl nod high benm 
Low beam and polndzcd benm wllh glnss ·S 
Low beam and pol11rizer.l 1>cnm wllh vlsoi· 
JiJgh beam nnd polarl1.ed be:1m wllh glnsses 
H gh bcnm and 11uladY-ed beam with viGor 
Polal'lz I beam wiU1 ~Jnsses and with vlser 

a Judgment, 2 97; performance, 4 41 

TABLE 3 

Significant at 
F-Ratio 5 Percenl 

Lev el a 

3.02 Yes 
1.58 No 
4.44 Yes 
0. 176 No 
0.190 No 
0.670 No 

4.67 Yes 
0.033 No 
6.13 Yes 
4.52 Yes 
0.16 No 
7 .57 Yes 

MEAN GAP ACCEPTANCE AND STANDARD DEVIATION VALUES IN FEET-PERFORMANCE TEST 

Low Beam Polarized Beam Polarized Beam High Beam With Glasses With Visor 
Age Grnup ::ind Speed Standard Standard Gap Deviation Gap :Stanctard Gap 

Standard Gap 
Deviation Deviation Deviation 

20 and 45 mph 
Both groups 223.2 73.81 227 .1 76.89 285 .0 82.12 277 .2 86.10 
18 to 30 years old 206.1 75.40 234.3 70.62 279.5 87 .33 270.5 82.05 
Over 50 years old 240.3 72.31 220.0 88.15 290 .6 103.52 284.0 91.26 

20 mph 
18 to 30 years old 160.2 66.59 186.2 72.68 242.6 58.25 293.3 60.85 
Over 50 years old 185.2 64.22 198.3 71.98 272.6 88 .52 224.4 80.54 

45 mph 
18 to 30 years old 252.0 67 .37 282.4 79,26 316.4 98.19 301. 7 94.08 
Over 50 years old 295.4 91.63 241.7 80 .89 308.6 74.96 343.7 110.63 

TABLE 4 

MEAN GAP ACCEPTANCE AND STANDARD DEVIATION VALUES IN FEET-JUDGMENT TEST 

Low Beam Polarized Beam Polarized Beam High Beam With Glasses With Visor 
Age Group and Speed Standard Standard Gap Deviation Gap Standard Gap Standard Gap Deviation Deviation Deviation 

20, 30, 45, ann 60 mph 
Both groups 253 .2 65.4 ~n.o 61.4 285.4 06.1 279.2 RR.8 
18 to 30 years old 256.0 78.5 280.3 78.9 281.2 108.8 283.2 89.0 
Over 50 years old 250 . l 71.5 266.7 66 .2 289.7 89.4 274.0 79.2 

20 mph 
18 to 30 years old 195.8 65.66 190.7 50.80 185.9 55.13 186.8 56.65 
Over 50 years old 204.2 54.60 225.3 59.90 243.4 76.37 231.7 57.47 

30 mph 
18 to 30 years old 236.4 73.57 265.4 95.57 271.3 131.87 270.3 110.81 
Over 50 years old 232.7 80 .08 249.6 74.90 272.1 69 .79 255.4 80.92 

40 mph 
18 to 30 years old 254 .4 85.54 294.2 90 .49 295.2 106.74 313 .8 103.24 
Over 50 years old 264.9 89.74 276.6 74.87 304.8 91.06 285.0 88.16 

60 mph 
18 to 30 years old 339 .8 92.72 370.9 105.53 372.3 129 .49 375.3 128.12 
Over 50 years old 300. 1 98.30 315.3 68.63 338.5 125.65 324.2 124.01 
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Figure 7. Mean gap-acceptance distance for each 
lighting mode and age group-20 and 45 mph-( a) 

performance test, (b) judgment test. 
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Figure 8. Distribution of gap acceptance for each 
lighting mode-performance test. 

The high beam and polarized beam with 
visor produced almost identical distribu
tions of gap size as shown in Figure 8 
for the performance runs. Greater vari
ability was observed in those runs em
ploying thes e 2 modes (Table 3 and Fig. 
8) . The data for low beam and polari zed 
beam with glasses again clustered about 
the same points and demonstrated much 
less variability. The judgment runs lead 
to much the same conclusion, but the dif
ferences are less striking. The test sit-

uation was developed to explore the effect of the glare from a vehicle approaching at a 
90-deg angle to the orientation of the subject vehicle. The visor in the subject vehicle 
was mounted on the sun visor and only protected the subject from glare when he was 
looking straight ahead. When the subject turned his head to look at the test vehicle, he 
was not protected by the visor and, therefore, received approximately the same glar
ing intensity as with the high beam. The glasses, on the other hand, provided protec
tion regardless of which way the driver turned his head. From the preceding consid
eration, it would appear evident that glare level was the prime factor causing the dif-

BLINDING 6~~----~----~ 

o-o YOUNGER GROUP 

6---e:. OLDER GROUP 

0~~1MFORTABLE 4 1--1----l---+---r--

~? 
BOTHERSOME 2 >--+---~~----------+"---l 
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NO PAlJBLEM CJl-._... __ -!-=~+,-=-="'",-,.---

LOW OEAM I P001fi\lt~s~~AM I 
POLARIZED BEAM HIGH BEAM 
WITH GLASSES 

Figure 9. Discomfort glare evaluation for each 
lighting mode. 

ferences among the 4 lighting mode con
ditions. 

Discomfort Ratings 

As discussed in the preceding, the sub
jects were asked to evaluate their discom
fort at the completion of each run. The re
sults are s h,own in Figur e 9. As expec ted, 
the best rating (lowest numerical score) 
was for the low-beam conditions for both 
age groups, and the worst was for the high
beam conditions; the 2 polarized conditions 
were in between. In all probability the po
larized condition with glasses would have 
been given lower discomfort scores if the 
drivers had had an opportunity to align the 
axis of their glasses perpendicular to the 
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Figure 11. Mean gap-acceptance times 
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axis of the polarizers on the ap
proaching vehicle. This is quite 
easy to do in a head-on meeting sit
uation, but, when the approaching 
vehicle is at 90 deg, the normal tilt 
of the driver's head makes this 
more difficult. Two of 20 drivers, 

both in the older group, objected and hesitantly used the polarized glasses for the re
quired runs. This was probably because of the general hesitancy of people in the older 
age ranges to wear glasses. 

The numerical rating of discomfort was, contrary to expectation, somewhat lower 
for the older group of subjects. Individuals in the over-50-years-of-age category gen
erally have a higher sensitivity to glare and, ther efore, it was expected that they would 
experience somewhat greater discomfor t . One explanation of the r esult obtained is 
that, because these subjects had experienced somewhat greater problems in night driv
ing, they overcompensated in theil· s ubjec tive evaluations. Another possibility is that 
this par ticular group of subjects was not typical of the over-50 category. It was much 
more difficult to r ecruit the older subjects , and it is quite likely that our older group 
had better visual abilities than those suggested by the normative data published for that 
age group. The 2 age groups showed statistically significant differences on the perfor 
mance runs. Figure lOa and lOb compare the distributions of the 2 age groups for each 
lighting mode. -The older group had a higher variability and possibly required some
what longer distances to perform the task. 

The effect of speed on gap acceptance was examined for the 4 speeds used during 
the experiment. The difference was not significant among lighting modes at various 
speeds on the judgment runs, but on the performance runs there was a statistically 
significant differ ence at the 5 percenl level for the interaction of speed and lighting 
mode. 

Figure 11 shows that the gap-acceptance times associated with high-glare lighting 
modes were greater during the performance runs. The lower speed produced longer 
gap times that presumably were due to the uncertainty with regard to the speed of the 
oncoming vehicle. 

DISCUSSION AND SUMMARY 

The s tudy presented her e was primarily designed to determine the effect of head
light glare from appr oaching vehicles on gap-acceptance behavior a t a r ight-angle in
tersection . In general, the 4 vehicul ar lighting systems used could be divided into 2 
subgroups: those producing a low level of glare a t the eye of the subject driver , and 
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those producing a higher level. There was a consistent pattern of differences among 
these modes, especially under the fully dynamic test condition in which the subject was 
forced into taking risks. Under the more glaring conditions, the subject drivers re
quired a longer gap-acceptance time and there was greater variance in the data. This 
variance was not sufficiently large to cause the 2 distributions to completely overlap. 
When exposed to the high-glare conditions the subjects never accepted gaps quite as 
short as the extreme cases for the low-glare conditions. Therefore, the high-glare 
conditions appeared to make drivers behave more conservatively and to allow a some
what greater margin of safety. 

The advantage of low-glare systems of headlighting in terms of gap acceptance was 
significant, but whether it has any practical significance is questionable. In general, 
the differences were small; however, in the performance study, differences in mean 
values for the older group of subjects were as much as 100 ft or more (Table 3) be
tween the extreme cases. This might have an adverse effect on traffic flow, particu
larly when a high volume exists on the main road, such as the volume during the even
ing peak hours. If a polarized headlight system is to be introduced to obtain the con
siderably superior forward visibility during meeting situations, which other studies 
have shown it to have, then more effort should be expended on the design of a better 
analyzer or viewer system to protect drivers during encounters with vehicles from the 
side. This may be especially desirable for older drivers, although there are several 
studies that show this group to drive less after dark. 

There is evidence in this study that a satisfactory design for an analyzer in a po
larized headlighting system can be produced. A polarized system using a visor that 
protects the driver from glare coming only from vehicles as they approached head-on 
produced much the same gap-acceptance distribution as the high-beam system. The 
situation was improved by use of glasses that provided protection to the sides also. 

In the performance studies, the younger age group, in general, had lower gap
acceptance values and showed less variability in their performance than the over-50 
group. In the judgment studies, the differences were less sharply defined. Both groups 
had the same pattern of acceptance values for the 4 lighting modes. In a discomfort 
glare evaluation, the majority of drivers in both groups expressed the belief that both 
polarized lighting systems were better than conventional high beams. However, low
beam lamps seemed least bothersome of all in the right-angle approach situation 
studied. 

The experiment showed no significant difference among vehicular lighting modes at 
the different speeds. As might be expected, the· minimum distances considered safe 
by our subjects for gap acceptance at low speeds were less than those accepted at higher 
speeds. However, in terms of time gap, the gaps were somewhat greater at lower 
speeds. 

The comparison of the results of the 2 methods of study-performance versus judg
ment-indicates the necessity to go to the fully dynamic test situation for valid results 
in this type of complex behavioral situation. Until the subject is exposed to a situation 
in which he assumes what would appear to him to be his normal risk-taking situation, 
the result, while perhaps showing trends in the appropriate direction, will not neces
sarily be indicative of the real-world performance. Therefore, if further investiga
tions should be made of the effect of vehicle lighting systems at intersections, these 
investigations should be done in fully dynamic test situations. 

CONCLUSIONS 

The authors derived the following conclusions: 

1. The distance interval accepted by drivers as a minimum safe gap to cross an 
intersection was somewhat longer under conditions of forward vehicular illumination 
that produced more glare. There were also greater variances in the more glaring con
ditions. 

2. If a polarized headlighting system is to be used, it is desirable to provide the 
driver with an analyzer system that protects him during encounters with vehicles from 
the side as well as during a head-on meeting situation. 
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3. The younger driver had shorter gap-acceptance values with less variable per
formance than did the older driver. 

4. The subjective discomfort glare evaluation showed that each of the 2 polarized 
systems tested was superior to conventional high-beam systems. However, low-beam 
lamps were least bothersome for the situation studied. 

5. The minimum time gap accepted was much greater at lower speeds. 
6. If further investigations should be made of the effect of vehicle lighting at inter

sections, a fully dynamic test procedure should be used, particularly for high-glare 
conditions. 
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