
Passing Behavior on Public Highways 
Under Daytime and Nighttime Conditions 
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This study was designed to determine the effect of nighttime 
visibility conditions on the passing behavior of drivers on two
lane public highways. The experiment was observational in the 
sense that the drivers whose passing behavior was observed 
happened along fortuitously and had no idea that they were tak
ing part in an experiment, or that their passing behavior was 
being observed. The data were obtained only at night, but at 
the same site and under identical conditions in which data were 
collected during the day in a previous Franklin Institute contract 
with the U. S. Bureau of Public Roads. The daytime data from 
the previous contract are reported along with the nighttime data 
in the presentation of the results. 

•EARLIER WORK, performed by a number of state and federal highway agencies to 
provide highway engineers with design information for laying out passing zones, is re
viewed in detail by Farber and Silver (1967). Many of the data are concerned with the 
time and distance required to pass, and relatively little information is presented on 
passing decision-making-the conditions under which a driver will or will not pass. In 
the present study, although passing times and distance were recorded, the basic experi
mental approach was to determine the relationship between the likelihood that a driver 
would accept a passing opportunity and the time, speed, and distance variables that de
termine the acceptability of the passing opportunity. 

For the purposes of this study, a passing opportunity is defined to exist whenever (a) 
a driver is in a close following position behind a lead car, LC, whose speed is less than 
the desired speed of the following car driver, and (b) both vehicles are in a legal passing 
zone. A passing opportunity starts the moment that the following car crosses into the 
passing zone. Onepassing opportunity ends and another begins each time an on
coming car, OC, traveling in the opposite lane comes abreast of the LC. If, after the 
start of a passing opportunity, no OC is within the view of the would-be passer, the pass
ing opportunity ends when the LC leaves the passing zone. A passing opportunity that 
ends with the passage of an OC is called oncoming-car-limited; a passing opportunity 
that ends with the end of the passing zone is called sight-distance-limited. 

Objectively, the acceptability of an oncoming-car-limited passing opportunity is given 
by comparing the minimum passing time of which the passing car, PC, is capable with 
the LC -OC time separation at the start of the passing opportunity. This time separation 
has been designated passing-opportunity time, POT. Passing-opportunity distance, POD, 
is defined as the distance between the lead and oncoming cars at the start of the passing 
opportunity. Passing-opportunity time is given by 

POT = POD/CR 

where CR is the closing rate, which is the sum of OC and LC speeds. In a sight
distance-limited passing opportunity, the passing-opportunity time is given by 

POT SD = SDR/LC S 
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where SDR is the amount of sight-distance remaining from the point of the start of the 
passing opportunity, and LCS is the speed of the LC. Because the minimum passing 
time of a given vehicle is relatively constant at highway speeds, the acceptability of a 
passing opportunity depends almost solely on the passing- opportunity time. Thus, the 
ability of drivers to make accurate passing decisions (to pass if, and only if, it is safe) 
depends on their ability to judge passing-opportunity time. Because passing-opportunity 
time is the duration of an event that has not yet occurred-the amount of time that will 
have elapsed between the start of the passing opportunity and the moment the OC and LC 
come abreast-it cannot be judged directly; it can only be predicted, solely on the basis 
of passing-opportunity distance and closing rate. Thus, whether or not the driver thinks 
in these terms, he must judge passing-opportunity distance and closing rate, taking the 
latter appropriately into account in order to estimate passing-opportunity time and make 
a valid passing decision. 

The ability of driver s to make these judgments has been treated by Bjorkman (1963), 
Crawford (1963), and Rockwell and Snyder (1965) . Taken together, the results of these 
studies suggest that drivers are relatively good judges of distance in passing situations 
but poor judges of either closing rate with an oncoming car or oncoming-car speed. 
Michaels (1963) provides a basis for understanding this insensitivity to OC speed. His 
data suggest that at the distance at which most passes take place, the speed cue asso
ciated with the rate of change of the visual angle subtended by the OC is below threshold. 
These papers are reviewed by Farber and Silver (1967). 

These findings were confirmed in the studies performed under the previous contract. 
In the daytime observational studies, it was found that in passing on the public highways 
drivers were insensitive to OC speeds but responded appropriately to passing-opportunity 
distance and LC speed. That is, the greater the LC speed, the less likely a driver was 
to pass at a given distance. 

METHOD 

The observational technique, developed under the previous contract, was used without 
change in this study and is described in the following paragraphs. 

Test Site 

The tests were conducted on a 2-mile section of Route 47 near Vineland, New Jersey, 
which incorporated a no-passing zone and two passing zones (Fig. 1). The north and 
south passing zones were 3, 200 and 5, 400 ft long respectively. The no-passing zone was 
1, 900 ft long. Sight distance in the no-passing zone was restricted to a maximum of 900 
ft by an S curve and the crest of a slope. Both of the passing zones were straight and 
level and afforded unrestricted sight distance for their entire lengths. The north passing 
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zone terminated at a curve at its northern extreme at which point there was still 800 ft 
of sight distance. The roadway was 24 ft wide with a blacktop surface and 4-ft gravel 
shoulders, and was in good condition at the time of the study. All of the data reported 
below were collected in the north passing zone. 

Vehicles and fustrumentation 

One observer was positioned in each of three vehicles. Before the start of an ob
servational trial, one vehicle, designated the LC, was parked on the right-hand shoulder 
in the south passing zone near the beginning of the no-passing zone (Fig. 1). The other 
two vehicles were used as observation stations and their positions were fixed throughout 
the observation period. The PC observer was stationed well off the highway of the south 
passing zone, on the same side of the road as the LC, several hundred yards before the 
beginning of the no-passing zone. The OC observer's vehicle was stationed off the high
way in the north passing zone several hundred yards beyond the end of the no-passing 
zone. The LC and OC observers' vehicles were equipped with manually operated Rus
track Model 92 4-channel event recorders, powered by the car battery. The PC observer 
had a slide rule and a stopwatch. 

Procedure 

When a single, nonfollowing passenger vehicle, designated the PC, was observed in 
the south passing zone driving north toward the no-passing zone, the LC pulled onto the 
road in front of it and led it into the no-passing zone. The "free speed" of the PC (speed 
while in the south passing zone) was determined by the PCobserver who timed it between 
two calibrated landmarks and used a slide rule to convert the time to speed. The speed 
of the PC was radioed ahead to the LC driver who then led the PC through the no-passing 
zone at some speed lower than its recorded free speed. When this procedure was fol
lowed, the PC invariably matched its speed with that of the LC and assumed a close fol
lowing position by the time the end of the no-passing zone was reached. The behavior 
of the PC through the passing zone was recorded by the LC driver on the event recorder. 
The speeds of all oncoming vehicles encountered by the LC driver in the passing zone 
area where recorded by the OC observer. The procedures for recording passing data 
and OC speeds are described below. 

Recording Passing Data 

When the LC reached the end of the no-passing zone, the driver pulsed (momentarily 
depressed) the button controlling channel 1 of his event recorder. Channel 1 was pulsed 
again each time an OC traveling in the opposite lane came abreast of the LC . When the 
PC began a pass, channel 2 was pulsed the moment the left front wheel of the PC crossed 
the center dividing line. Channel 2 was pulsed again at the completion of the pass when 
the left rear wheel of the PC recrossed the dividing line. If the pass was aborted, chan
nel 3 was pulsed when the left front wheel recrossed the dividing line. After the pass, 
the LC driver maintained a constant speed until the end of the passing zone was reached, 
at which point channel 4 was pulsed, or until another OC came abreast of the LC, at 
which point channel 1 was pulsed. Subsequent reduction of the LC record yielded the 
following data for each passing opportunity: passing-opportunity time, whether or not a 
pass took place; and decision time, passing time, and safety-margin time in passing 
opportunities where there was a pass. Decision time is the time between the start of a 
passing opportunity and the start of a pass. Passing time is the time between the start 
and the completion of a passing maneuver. Safety-margin time is the time between the 
completion of a pass and the moment that an oncoming car comes abreast of the LC. 

Figure 2 is a typical LC event-recorder record. Each interval between successive 
channel 1 pulses represents a distinct passing opportunity. Passing-opportunity time 
is determined by measuring the time represented by the distance between the leading 
edges of successive channel 1 pulses. Decision time is the time between the channel 2 
pulse and the preceding channel 1 pulse, the time between channel 2 pulses is passing 
time, and the time between a channel 2 pulse and the following channel 1 pulse is safety-
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Figure 2. Example of lead car event-recorder record. 

margin time. If after a pass no OC came abreast of the LC before the end of the passing 
zone was reached, a channel 4 pulse was recorded instead of a final channel 1 pulse. 
Thus, the distance between the channel 2 and channel 4 pulses represents the time from 
the completion of the pass until the LC reached the end of the passing zone. 

Recording Oncoming Car Speeds 

During a trial, as the LC driver approached the beginning of the passing zone, he 
alerted the OC observer by radio. The OC observer then began to record the passage 
of the OC's on his event recorder. Like the PC observer, the OC observer used a "time 
trap" (pair of calibrated landmarks) for timing OC's. The channel 1 button was momen
tarily depressed each time an OC came abreast of the first landmark, and the channel 2 
button was depressed when the OC came abreast of the second landmark. An event re
corder, rather than a stopwatch, wa.s usP.d bP.r.ausP. as ma.ny as four or fivP. r.ars might 
be in the time trap at the same time. Figure 3 shows a typical OC observer's event
recorder record. 

Subsequently, the LC and QC observer's event recorders were matched, and the speed 
of each OC was noted on the LC record. Because the speeds of the LC and of each OC 
were known, all the times taken from the LC event recorder could be converted into dis
tances. 



Calibration of Event-Recorder 
Chart Speeds and Speedometer 

The chart speed of each event re -
corder was checked each day by mea
suring the length of a 30-sec pulse. 

The LC speedometer was checked 
once a week by timing it across a 
known distance at a constant speed. 
This speedometer check was repeated 
several times at each of several dif
ferent speeds. 

EXPERTh1:ENTAL DESIGN 

A desirable feature of the technique 
described previously is that the LC 
driver can exercise a measure of ex-
perimental control over what is es-
sentially an observational situation by 
controlling the PC speed to impede the 
PC by 10, 15, or 20 mph less than its 
recorded free speed. When the PC 
observer radioed the free speed of 
the PC to the LC driver, the LC driver 
consulted a table to determine the 
speed impedance for that trial. If, 
for example, the impedance for that 
trial was 15 mph and the free recorded 
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Example of oncoming-car observer's 
event-recorder record. 

speed of the PC was 45 mph, the LC driver proceeded through the no-passing zone at 
30 mph. The purpose of this procedure was to determine the effect of the degree of 
speed impedance on passing decisions. 

A 5-mph impedance was contemplated but not used because small variations in LC 
and PC speeds (±2 to 3 mph) were frequently sufficient to reduce the PC-LC closing 
rate to null. On the assumption that there is no three-car cycle of characteristics in 
traffic that would be confounded with impedance, no attempt was made to randomize 
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for day and night conditions. 

the order of impedance and they were 
simply alternated. 

TRAFFIC CHARACTERISTICS 

During the nighttime observation pe
riods, the average one-way traffic volume 
ranged from 190 vehicles per hour an 
hour after sunset to 70 vehicles per hour 
later in the evening. During the day, traf
fic volume ranged from 100 to 200 vehicles 
per hour. Traffic volume was the same 
in both directions. Eighty-five percent of 
the traffic consisted of passenger vehicles. 
The distribution of vehicle speeds was the 
same in both directions and is shown in 
Figure 4, which also shows daytime speed 
distribution. Speeds were generally higher 
and more variable at night than they were 
during the day. The average daytime 
speed was 47 mph with a standard devia
tion of 7 .49. The average nighttime speed 
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was 53 mph with a standard deviation of 9.27. Eighty-two percent of the vehicles ob
served at night were between 40 and 65 mph when their speed was recorded. 

The frequency distribution of passing-opportunity distance observed at the Vineland 
site, both at night and during the day, is plotted in Figure 5. At night and during the day 
the frequency monotonically decreases with increasing passing-opportunity distance. 
The night distribution is less steep than the day; i.e., there were relatively more long 
passing opportunities (greater than 2, 400 feet) and fewer short passing opportunities (less 
than 2, 400 feet) at night than during the day. This is to be expected as traffic volume 
was less at night than during the day. 

Figure 6 shows the distribution of sight-distance-limited passing opportunity dis
tances. In almost every trial that resulted in a sight-distance-limited passing oppor
tunity, there was at least one OC in the passing zone as the LC entered the passing zone. 
Sight-distance-limited passing opportunities began as the last of the OC's and the LC 
passed each other. Because there was frequently more than one OC in the passing zone 
during the trial, many sight-distance-limited passing opportunities did not begin until 
the LC was toward the end of the passing zone. Thus, as Figure 6 shows, there was a 
preponderance of short opportunities. 

RESULTS 

All of the data reported below were obtained after dark at the Vineland observation 
site over a period of four weeks. It was hoped that during this period there would be 
sufficient precipitation to make a meaningful analysis of its effects; however, it rained 
only three times during the test period. On two occasions, the rain was light and the 
duration brief and only a few passing opportunities were observed. On the third occa
sion, the rain was so heavy that traffic came to a virtual standstill, and no data were 
collected at all. 

A total of 2, 221 passing opportunities was observed. Of these, 222 observations 
were discarded because of ambiguities in the data, errors in the test procedure, or 
faulty equipment. Of the 1, 999 recorded passing opportunities, 1, 7 44 were QC-limited 
and 255 were sight-distance-limited. There was a total of 420 passes; 323 in OC
limited passing opportunities and 97 in sight-distance-limited opportunities. 
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Oncoming-Car-Limited 
Passing Situations 

This section is devoted to driver 
decision-making and performance in OC
limited passing situations. The data on 
sight-distance-limited passing situations 
are presented in the conclusion of this 
paper . In all of the figures in this section, 
the daytime data obtained in the previous 
contract are plotted along with the night
time data to facilitate comparison. 

Pass ing Deeisions -Figure 7 shows 
percent passes as a function of passing
opportunity distance intervill combined for 
all speed and impedance conditions under 
day and night conditions. Each point on 
the curve represents the percentage of 
passing opportunities observed in a given 
interval that were accepted. Thethres_hold 
passing-opportunity distance-that passing 
opportunity during which 50 percent of the 
drivers passed-was 2, 050 ft during the 
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Figure 7. Percent accepted oncoming-car-limited 
passing opportunities as a function of passing op

portunity under day and night conditions. 

day and 2,800 ft at night. Clearly, under both daytime and nighttime conditions, the 
likelihood that the driver would pass increased with increasing passing-opportunity dis
tance. However, at a given passing-opportunity distance, drivers were more likely to 
pass during the day than at night. The overall difference between curves is sig:iificant 
(P < 0.01). Both curves approach an asymptotic passing frequency of 90 percent at 
passing-opportunity distances over 3, 600 ft. There appears to be little difference be
tween the two curves at short (less than 1,400 ft) passing-opportunity distances. How
ever, no passing opportunities between 400 and 800 ft were accepted at night, whereas 
4 percent of such passing opportunities were accepted during the day. This difference 
is significant (P < 0.01). 

Passing-decision behavior was less variable during the day than at night as indicated 
by the greater steepness of the day-data slope. By treating these curves as integrals 
of the distribution of those passing-opportunity distances judged by drivers to be equal 
to their threshold passing-opportunity distances, it was possible to estimate the standard 
deviations of the underlying distributions. This procedure was used to estimate the 
standard deviations of the day and night distributions in Figure 7, 950 and 1,300 ft re
spectively. The difference between the associated variances is significant (P < 0.01). 
The greater nighttime variability probably reflects the somewhat poorer OC distance 
judgment under nighttime conditions observed in a previous experiment. (The results 
of this experiment are in "Judging the Distance to an Oncoming Car at Night and During 
theDay", an unpublished FIRL report of research conducted under the same BPR con
tract as the present study.) The nighttime variability may also reflect greater nighttime 
individual differences in what drivers consider to be an acceptable passing-opportunity 
distance. 

If 13 sec is taken to be a minimum acceptable passing-opportunitytime (8secforpass
ing and a 5-sec safety margin), then the acceptable passing-opportunity distances, com
puted on the basis of median OC and LC speeds, are 1, 600 and 1, 800 respectively for day 
and night. If these figures are used as minimum acceptable passing-opportunity dis
tances, then 42 percent of the acceptable nighttime passing opportunities were rejected 
and 25 percent of acceptable daytime passing opportunities were rejected. 

Figure 8 shows percent accepted passing opportunities as a function of passing
opportunity distance under day and night conditions for three different categories of 
LC speed. The extreme variability of the less-than-25-mph nighttime data is due to the 
relatively small sample of passing opportunities in that category. Despite this vari
ability, it is clear that under both daytime and nighttime conditions, the likelihood that a 
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driver would pass at a given opportunity distance increased with a decrease in LC speed. 
Drivers compensated appropriately for LC speed by adopting longer passing-opportunity 
distance thresholds at higher LC speeds. In fact, at night, at LC speeds over 34 mph, 
drivers were reluctant to pass. The threshold passing distance in this category was 
about 3,000 ft and the asymptotic passing frequency was about 70 percent. 

Figure 9 shows percent accepted passing opportunities as a function of passing op
portunity distance for the three difference levels of impedance under day and night con
ditions. These data should be interpreted with caution because impedance is partially 
confow1ded with LC speed. Under both daytime and 11ighttime conditions, the trend of 
the data suggests that the greater the impedance, the more likely a driver is to pass at a 
given distance. This effect is somewhat more clear-cut in the nighttime data than in the 
daytime data and is valid only for passing-opportun:i,ty distances in excess of 1,200 ft . 

Neither at night nor during the day did drivers respond systematically to the speed 
of oncoming traffic. Under both day and night conditions, a driver was as likely to pass 
when the OC was traveling at 60 mph as when it was traveling at 30 mph. 

Two major components of variability in the passing frequency curves are distance 
judgment and individual differences between drivers on what they consider to be an ac 
ceptable passing-opportunity distance. A third source of variability is LC speed. Be
cause it includes the smallest range of LC speeds, the 25- to 34-mph passing frequency 
distribution is assumed to have the smallest variability because of the LC speed of the 
three LC-speed category curves. The standard deviations for the day and night 25- to 
34-mph passing frequency curves were estimated to be 700 and 1, 000 ft respectively. 
These standard deviations are substantially higher than those obtained in the QC -distance 
judgment experiment cited previously. In that experiment, the standard deviations of 
distance judgments of the worst subjects were 315 and 235 ft respectively for night and 
day conditions. The distance judgment of the unsuspecting subjects in the present study 
was probably somewhat worse than that of the subjects of the controlled distance judg
ment experiment. However, it is unlikely that poorer distance judgment alone accounts 
for the very large differences between the standard deviations observed in the distance 
judgment experiment and those associated with the passing frequency curves. Rather, 
the data suggest that a substantial proportion of the passing judgment variability ob
served on public highways is due to individual differences in what the drivers consider 
to be an acceptable passing-opportunity distance. This suggests that drivers who accept 
hazardously short passing-opportunity distances (e.g., less than 1, 000 ft) do so not 



becausetheyerrby 1,500ft in judging a passing
opportunity distance, but because their passing 
thresholds are small to begin with . Thus, it is 
likely that high-risk passing is more a consE)
quence of choice than of error. Nevertheless, 
it is obvious that for drivers whose nominal 
passing-opportunity distance threshold is around 
1, 200 ft, even a small error in judgment can re
sult in the acceptance of an extremely hazardous 
passing opportunity. 

A passing-opportunity distance of 1, 200 ft is 
equivalent to a passing-opportunity time of 10 
sec at an OC-LC closing rate of 82 mph. Ac
ceptance of such a passing opportunity is cer
tainly imprudent but not necessarily hazardous, 
as most American passenger sedans are capable 
of completing an accelerative pass in under 8 
sec. However, the results of the distance judg
ment experiment indicate that at an LC -OC dis-
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Figure 10. Mean decision time of drivers 
who accepted oncoming-car-limited pass
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tance of 1, 200 ft, the standard deviation of distance-judgment errors is approximately 
150 ft during the day. A driver with a 1, 200-ft threshold would thus be expected to ac -
cept about 5 percent of all 950-ft passing-opportunity distances. At a closing rate of 
82 mph, a 950-ft distance is equivalent to a passing opportunity time of 7 .9 sec, a 20 per
cent shorter and substantially more hazardous passing-opportunity time than associated 
with the 1,200-ft passing-opportunity distance. 

A further source of error in the acceptance of short passing-opportunity distances, 
even when distance judgment is good, is the inability of drivers to judge OC speed. De
pending on the OC speed observed, passing-opportunity times equivalent to a 1, 200-ft 
passing-opportunity distance ranged from less than 8 to more than 15 seconds at LC 
speeds close to 30 mph. Because drivers are not able to accurately compensate for OC 
speed, accepting short passing opportunities may be distinctly hazardous at the 95 per
centile OC speed. It is clear from the empirical passing frequency curves that most 
drivers adopt a passing-opportunity distance threshold that allows for considerable error 
in judgment. 

That drivers are more conservative at night than during the day, as shown in Figure 
7, probably reflects the adaptation of longer thresholds to compensate for the somewhat 
poorer nighttime QC-distance judgment. It could also be argued that drivers are less 
likely to pass at night under any conditions because with the poor nighttime visibility the 
task of tracking around a lead vehicle is itself more difficult. However, the asymptotic 
passing probability was as high at night as during the day. Poor nighttime distance 
judgment probably accounts for a part of the greater nighttime variability, but the dif
ference in day and night OC -distance judgment is not enough to account for the difference 
in variability between the day and night passing frequency curves. This suggests that 
individual differences in desired passing thresholds may be greater at night than during 
the day. 

Passing Performance-For drivers who did pass, there are three parameters that 
are of particular interest: decision time, passing time, and safety-margin time. Figure 
10 shows mean decision time in seconds as a function of passing-opportunity distance. 
The highest mean decision time was around 6.4 sec and occurred at the longest passing
opportunity distance. The mean decision times increased monotonically with passing
opportunity distance and were at a minimum at passing-opportunity distances less than 
1, 500 ft. 

Mean decision times were consistently less at night than during the day by 0.4 to 1.1 
seconds . Although the data are highly variable (standard deviations ranged from 2 to 5 
sec) the effect is significant (P < 0.01) and may reflect drivers' awareness of the higher 
nighttime traffic speeds. 

Figure 11 shows mean passing time as a function of passing-opportunity distance 
under both day and night conditions. Under both day and night conditions, passing time 
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increased with passing-opportunity 
distance. Mean passing times were 
slightly (0.6 to 1.0 sec) less during 
the day than at night at the passing
opportunity distance over 2, 500 ft; 
but at shorter passing-opportunity 
distances, night passers were ap
parently willing to use the full ac -
celeration potential of their vehicles 
and there was little difference be
tween day and night passing times. 

Figure 12 shows mean safety
margin time for drivers whopassed 
as a function of passing-opportunity 
distance and LC speed under day 
and night conditions. Above 2, 000 
ft, the day and night data are strik
ingly similar; safety margins in
crease with increasLn.g passLn.g
opportunity distance and with de
creasing LC speed. Below 2, 000 
ft, the data become more variable 
because of the relatively small 

number of observations represented by each point. The slightly higher mean safety 
margins observed for drivers who passed at night at passing-opportunity distances less 
than 1, 500 ft is a consequence of the fact that at night there were no passes at passing
opportunity distances less than 800 ft, whereas several such passes were recorded dur
ing the day. The mean of accepted passing-opportunity distances less than 1, 500 ft was 
thus higher at night (1,320 ft) than during the day (1, 120 ft). Although drivers did adjust 
their gap-acceptance thresholds in the appropriate direction in response to LC speed, 
the fact that safety margins diminished with increasing LC speeds indicated that drivers 
did not compensate perfectly. 

Figures 10 through 12 indicate that passing performance in QC-limited passing situa
tions was not strongly affected by nighttime visibility. At passing-opportunity distances 
greater than 2, 500 ft, drivers passed somewhat more quickly during the day; but at 
shorter distances, where more rapid 
passing is required to ensure an ade
quate safety margin, there was no dif
ference between day and night passing. 
Decision times were consistently 
about % to 1 sec less at night than they 
were during the day. These findings 
suggest that night visibility conditions 
do not have a strong cautionary effect 
on the dynamics of the passing ma-
neuver. 

Sight -Distance-Limited 
Passing Situations 

The following paragraphs deal with 
driver decision-making and perfor
mance in sight-distance-limited pass
ing opportunities, i.e., those passing 
opportunities in which no OC was in 
sight and sight-distance remaining 
was the limiting factor. Although the 
passing zone was 3, 200 ft long, the 
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Figure 12. Mean safety-margin time in oncoming-car
limited passes as a function of passing-opportunity 
distance for three categories of lead car speed under 

day and night conditions. 



total sight distance from the start 
of the passing zone was 4,000 ft. Be
cause no daytime sight-distance
limitedpassing opportunities were 
observed, all of the data reported 
below were obtained under night
time conditions. 

Passing Decisions-Figure 13 
shows percentpasses as afunction 
of sight-distance remaining (SDR). 
The threshold SDR (that SDR at 
which 50 percent of the passing op
portunities were accepted) was 
1, 750 ft. The asymptotic passing 
frequency was 90 percent and the 
standard deviation was about 1, 000 
ft. No drivers passed when the 
sight distance was less than 500 ft, 
but 15 percent passed when the 
sight distance was between 500 and 
1,000 ft. In general, drivers ac
cepted substantially shorter sight
distance - limited passing oppor
tunities than OC-limited passing 
opportunities. The rate at which 
the available passing-opportunity 
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Fi gure 13. Percent accepted sight-distance-limited passing 
opportunities as a func tion of sight-distance remaining. 

distance diminishes is roughly twice as great when an OC is the limiting factor as 
when sight distance is the limiting factor. However, even in a sight-distance
limited passing situation, it is not the sight distance or lack of it per se that gives rise 
to caution, but the possibility that an OC will appear after the driver has committed 
himself to a passing maneuver. Thus, on truly rational grounds, it makes no more 
sense to accept a sight-distance-limited passing opportunity of 1,000 ft than it does to 
accept an QC-limited passing opportunity of 1,000 ft. In view of this, the fact that driv
ers are willing to accept shorter sight-distance-limited than OC-limited passing oppor
tunities suggests that their subjective estimates of the likelihood of oncoming traffic 
play a role in the passing decision. If this is the case, it would be expected that driv-
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Figure 14. Percent accepted sight-distance
limited passing opportunities as a function of 
sight-distance remaining for two lead car 

speed categories. 

ers would be more likely to accept a sight
distance-limited passing opportunity of a given 
length when oncoming traffic is light rather 
than when it is heavy. However, these data 
were obtained at night and it is quite likely that 
the headlights of otherwise out-of-sight OC 's 
provided a reliable and acceptable cue to 
would-be passers as to the presence or ab
sence of oncoming traffic. 

Figure 14 shows percent sight-distance
limited passes accepted as a function of sight
distance remaining for LC speeds above and 
below 30 mph. Because of the relatively small 
number of sight-distance-limited passing op
portunities observed (420), it was not possible 
to break LC speed into more than two cate
gories. LC speed has a strong effect on pass
ing frequencies. At LC speeds greater than 
30 mph, a driver is less likely to accept a 
passing opportunity at a given sight-distance 
remaining than at LC speeds less than 30 mph. 
Although the distance required to pass is 
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Figure 15. Mean passing time and mean decision 
time as a function of sight-distance remaining. 

greater when the speed of the LC is high, 
this factor alone is not sufficient to ac -
count for the differences between the over 
and under 30-mph curves. Of those driv
ers who accepted passing opportunities in 
excess of 3,000 feet, the average passing 
distances for the over and under 30-mph 
speeds were 530 and 7 40 ft respectively. 
At sight distances in excess of 3, 000 ft, 
such a small difference in passing dis
tances does not significantly influence the 
objective acceptability of the opportunity. 
It is likely that a substantial part of the 
difference between the two curves is re
lated to impedance. However~ it is also 
possible that drivers were reluctant to 
pass lead cars traveling at higher speeds 
because the passing maneuver itself may 
seem more hazardous to drivers when 
speeds are high. 

Passing Performance-Figure 15 shows 
mean passing and decision times, for those 
drivers who accepted sight-distance
limited passing opportunities, as a func
tion of the sight distance. The equivalent 
nighttime QC-limited data are also plotted 
for comparative purposes, but it should be 

recognized that the abscissa scale is sight distance for the sight-distance-limited data 
and passing-opportunity distance (LC-QC distance) for the QC-limited data. Decision 
times for sight-distance-limited passes were consistently higher (from 0.9 to 10.5 sec) 
than for QC-limited passes. In fact, at sight distances between 3,500 and 4,000 ft, av
erage decision times (14 sec) were greater than average passing times (12.4 sec). As 
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observed when traffic was light, it is possible that the long decision times arose because 
the drivers were not concerned about missing a passing opportunity. 

Figure 15 shows that drivers passed less quickly by 1 to 6 sec when no OC was in 
sight. Although passing times in sight-distance-limited passes increased somewhat 
with increasing sight distance, the slope of this effect was not as strong as was the case 
in QC-limited passes, and even in passes that started with less than 1,000 ft of sight 
distance the average passing time was 10 seconds. Perhaps drivers are not as moti
vated by the sight of diminishing sight distance as they are by the sight of a rapidly ap-
p1'oaching oncoming ca1'. 

CONCLUSIONS 

Under both day and night conditions, the likelihood that a driver will accept an QC
limited passing opportunity increases as the passing-opportunity distance increases. 
At a given passing-opportunity distance, passing likelihood decreases with increasing 
LC speed. Drivers were both more conservative and more variable in their passing 
decision-making at night than they were during the day. The day threshold passing
opportunity distance was about 2, 050 ft and at night it was about 2, 800 ft. The standard 
deviation of the passing frequency distributions was estimated to be 950 ft during the 
day and 1, 300 ft at night. Only part of this variability is due to distance judgment. It 
is likely that a substantial portion is caused by individual differences between drivers 
in what they consider to be an acceptable passing opportunity. Variability caused by 
individual differences appears to be greater at night than during the day. It was argued 
that the acceptance of truly hazardous passing opportunities is a consequence of small 
errors of judgment made by drivers who have short passing-opportunity distance thresh
olds rather than of large errors made by more conservative drivers. 
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In QC-limited passes, decision time was slightly but significantly less at night than 
during the day and, under both day and night conditions, decreased with decreasing 
passing-opportunity distance. Passing times also decreased with passing-opportunity 
distance to a minimum of 5.5 to 6 sec. There was little difference between day and 
night conditions, and at short passing-opportunity distances drivers used the full per
formance potential of their vehicles to pass during the night as well as during the day. 
This suggests that on the highway studied, nighttime visibility conditions did not have a 
strong cautionary effect on the dynamics of the passing maneuvers. 

In sight-distance-limited passes at night, passing likelihood increased with increas
ing passing-opportunity distance. The threshold passing-opportunity distance was about 
1, 750 ft. Fifteen percent of the passing-opportunity sight distances less than 1,000 ft 
were accepted despite the fact that, had an QC appeared, the resulting QC -limited pass 
would have presented a greater hazard than most drivers would ordinarily accept. It 
was hypothesized that at night QC headlights served as a cue to the presence or absence 
of oncoming traffic beyond the sight-distance zone. Passing times in sight-distance
limited passes were considerably higher than those observed in QC-limited passes and 
did not decrease substantially as the sight distance decreased. This was attributed to 
the greater sense of urgency occasioned by the sight of a rapidly approaching QC. 
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