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•THE purpose of the present study is to examine the effect of increased information 
about oncoming car speed on driver judgment in accelerative passes. An accelerative 
pass is one in which the overtaking driver starts the pass from a close following posi
tion with little or no speed advantage and must accelerate to complete the maneuver. 
In such a pass, the passing opportunity is limited by sight distance, legal passing zone 
boundaries or oncoming traffic. Where an oncoming car (OC) is the limiting factor, the 
passing driver must take into account his own speed and the speed of and distance to the 
OC to make a valid passing decision-that is, to pass when it is safe to do so, and not 
to commence a pass when it is not safe. 

A number of workers (1, 2, 6) have studied driver QC-gap acceptance. These papers 
have been reviewed in detaiCelsewhere (3). However, the results indicate (a) that driv
ers are relatively good judges of distance in passing situations, but (b) very poor judges 
of either closing rate or OC speed. Support for the latter result is provided by Michaels 
(5), whose data suggest that at the distance at which most passes take place, the speed 
cue associated with the rate of change of the visual angle subtended by the OC is below 
the detection threshold. Further evidence for this conclusion was obtained by Franklin 
Institute Research Laboratories in field observational studies of passing practices in 
which it was noted that the passing decision appears to be completely unrelated to OC 
speed. However, in another study of sight distance judgment (4) it was found that driv-
ers were able to make accurate distance judgments. -

On this basis it appears that since a driver has first-hand phenomenal and metric 
knowledge of his own speed, and is able to discriminate distance with reasonable accu
racy, much of the variability in passing judgment is associated with poor judgment of 
OC speed. It was thus hypothesized that if the necessity to make OC speed judgments 
were eliminated, a significant improvement in gap acceptance accuracy would result. 
The purpose of the present series of experiments is to evaluate this hypothesis and fur
ther elucidate the roles played by OC speed and distance judgment in accelerative passes. 

EXPERIMENT 1: "LAST SAFE MOMENT" 

The first experiment was conceived as a pilot study to provide an initial check on the 
proposition that judgment of OC speed is a major source of variability in passing judg
ments. 

Method 

Test Site-All of the studies described were conducted on a completed but unopened 
section of Interstate Highway 9 5 in Philadelphia. The test section provided over a mile 
of sight distance of which 3500 feet was straight and level. The tests were conducted 
on the one side of the expressway which consisted of four 12-foot lanes. 

Test Vehicles-Three cars were used in the tests. A Rambler sedan and an Ambas
sador station wagon, loaned to the project by American Motors, were used, respectively, 
as the QC and lead car (LC); a 19 6 5 Ford Galaxie sedan was used as the overtaking car (OT). 
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Figure 1. Experiment 1: Experimental design. 
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The OT was equipped with power steering, automatic transmission and a 352-cubic-inch 
VB engine. 

Instrumentation-The OC and OT were each equipped with fifth wheels for measuring 
speed and distance. Position calibration was provided by photocells mounted on the OC 
and OT which responded to the presence of strips of reflective marking tape laid across 
the roadway at 400-foot intervals. Together, the fifth wheel and photocells provided 
longitudinal accuracy of± 4 feet. In addition to the speed and distance measuring equip
ment, the OT was equipped with transducers to measure lateral and longitudinal accel
eration and steering wheel and throttle positions. A once-per-second time hack was 
generated in the OT and broadcast to the OC to provide a common time base. 

Subjects-Six subjects took part in the experiment, all college students with a mini
mum of 4 years driving experience. 

Procedure-The experimental procedure was designed to provide an estimate of the 
pass-no pass threshold on each trial and is similar to the technique first used by Rock
well and Snyder (6). On each trial, the subject (S) driving the OT was presented with a 
passing situation and was instructed to pass at the last safe moment. The time (or dis
tance) separation between the LC and the OC at the start of the pass was considered to 
be an estimate of the threshold separation. 

TABLE 1 

EXPERIMENT 1: MEANS, VARIANCES, AND STANDARD DEVIATIONS 
ACROSS SUBJECTS FOR K AND NK BLOCKS AT EACH OC-LC 

SPEED COMBINATION 

Speed (mph) K NK 

QC LC x 02 a x 02 a F 

30 35 6.58 1. 52 1. 23 6.48 4.38 2 . 09 2.88" 

30 55 6.59 1. 42 1.19 6.66 2. 86 1. 69 2. 40 .. 

40 35 6.41 0. 70 0.84 6.26 2. 35 1. 53 3 . 36a 

40 .5S s. 70 0 . 78 0. 82 6.27 2.87 1.69 3 .68a 

so 3S 6.02 1.62 1.2 7 s. 71 2 .0S 1. 43 1. 27 

so SS s. 70 0.64 0. 80 S.73 0. 89 0 . 9S 1. 39 

60 3S 5.95 1.03 1.01 5.38 1.51 1. 23 1. 4 7 

60 55 5. 70 1.01 1.01 5.43 1.69 1. 30 1.66 .. 

"significant at ,01 level. 
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Figure 2. Experiment 1: Frequency distribution of passing time gaps for Kand NK trials for different 
OC-OT speeds. 
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Figure 2. Experiment l: Frequency distribution of passing time gaps for K ond NK trials for different 
OC-OT speeds (continued). 
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Figure 3. Experiment 1: Passing time gap variance of like speed trials for Kand NK conditions as a 
function of oncoming car speed. 

The technique employed was as follows. Before the start of a trial, the OC and LC 
were positioned at opposite ends of the test section with the OT immediately behind the 
LC. On the start signal the OC and LC (with the OT following) accelerated to their as
signed speeds and drove toward each other in the two adjacent center lanes. S was in
structed to follow the LC at a close distance and to pass the LC at the last safe moment. 
The observer (0) riding as a passenger timed the passing time gap, the OT-OC separa
tion, measured from the start of the pass until the OT and 0C were abreast, and the LC 
driver timed the passing time. Subjects were instructed never to enter either of the 
outside lanes to insure safe emergency maneuvering room for the OC and LC. 

Experimental Design-Each subject had eight 16-trial blocks. Four of the blocks 
were knowledge (K) blocks and four were no knowledge (NK) blocks. 

On NK blocks, the OC speed was varied randomly between 30, 40, 50, and 60 mph 
within the constraint that each OC speed was presented four times. LC speed was also 
varied randomly between 35 and 55 with the additional constraint that each of the two LC 
speeds occurred twice in combination with each OC speed. On NK trials subjects were 
given no information of any kind about OC speed (except, of course, what they could 
judge for themselves). 

On K blocks OC speed was held constant at 30, 40, 50, or 60 mph for all 16 trials of 
a block and LC speed was randomly varied between 35 and 55. Each S had one K block 
at each of the four OC speeds. Prior to the start of each K block, S was told that OC 
speed would be constant for the next 16 trials and was also told the OC speed. Thus on 
K blocks, S had "perfect" phenomenal or experiential knowledge of OC speed after the 
first few trials, i.e., after the first few trials there was no need for S to make judg
ments of or compensations for speed. All S had to consider was the distance to the OC 
and his own (OT) speed. The experimental design is shown schematically in Figure 1. 

According to the hypothesis, it was predicted that the variance of the passing time 
gaps would be significantly less across a K block than across NK trials of the same OC 
speed. 

Results 

The results of the experiment are summarized in Figure 2, which shows eight pairs 
of histograms. Each histrogram is a frequency distribution, combined across subjects, 
of the passing time gaps. The histograms on the left show the distribution of time gaps 
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Figure 4. Experiment 2: Experimental design, verbal knowledge of oncoming car speed. 

recorded under K conditions; the NK histograms show the time gap distributions observed 
across like OC speed NK trials. There is a pair of histograms for each of the eight 
OC-LC speed combinations. 

Note that the K histograms tend to show less variability and more clustering about the 
center than the NK histograms. This observation is summarized in Table 1, which shows 
the means and variances for each distribution and the F ratio between like K-NK pairs. 
In each comparison the K condition produced less variance from trial to trial than the 
corresponding NK condition. However, the difference in variances was significant in 
only five of the eight comparisons. Somewhat surprisingly, the variability of the NK 
trials was consistently higher at the lower OC speeds. These data are summarized 
graphically in Figure 3, which shows passing gap variances as a function of OC speed 
for K and NK conditions. 

The inconsistency in the results is attributed to the fact that the experimental tech
nique tended to produce spuriously low variances. Since all subjects passed on each 
trial, and the passing gaps were quite small generally, the range of variation of ac
cepted time gaps on the low side of the average was obviously restricted. This effect 
can be seen in the NK histograms which tend to be skewed to the right. Note also that 
since the time gaps tend to decrease as OC speed increased, the variance restriction 
effect is greater at high OC speeds than at low OC speeds. Further, since the correla
tion between OC speed and average time gap is greater for the NK trials, the variance 
reduction effect is also greater for NK trials-a possible explanation of the lack of sig
nificant differences at the higher OC speeds. 

Perhaps the most important factor which could account for the low variability of the 
NK data is the fact that the average passing distances were small enough for the rate of 
change of the apparent size of the OC to be well within threshold. In support of this con
tention is the fact that the variation in average NK passing gap with OC speed is some
what less than would be expected if subjects were completely insensitive to OC speed. 

In spite of the inconsistencies in the data, the weight of the observation tends to 
support the contention that a significant proportion of the variability in passing judg
ment is associated with oncoming car speed. 

EXPERIMENT 2: VERBAL KNOWLEDGE OF OC SPEED 

The objectives of Experiment 2 were (a) to obtain a more precise estimate of the 
contribution of OC speed to the variability of passing judgments; (b) to determine the 
accuracy with which drivers can judge distance to the OC; and (c) to determine the ef
fect of presenting verbal information about OC speed to drivers. 

Method 

Subjects-Four subjects were used, all public school teachers with a minimum of 6 
years driving experience. 
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TABLE 2 

EXPERIMENT 2: MEANS, VARIANCES, AND STANDARD DEVIATIONS 
OF TIME GAP JUDGMENTS ACROSS SUBJECTS BY BLOCKS 

Knowledge Block 
Speed (mph) x a2 

Condition Numbe r 
a 

1 30 12 . 07 1.69 1. 30 

K 
2 40 11. 40 l.SO 1.22 

3 so 12 . 14 2 .S8 1.60 

4 60 11. 79 1.60 1. 26 

1 12 . 11 2 .2 3 1. 49 

2 11.63 l.S4 1. 24 

VK 3 Varied 11. 30 1. 48 1.21 

4 11. 62 2.02 1. 42 

s 11.62 2.00 1. 41 

6 11. 73 1. 42 1.19 

1 12.16 S.72 2. 39 

2 11.98 6.18 2. 49 

NK 3 Varied 11. 2 3 s .07 2.2S 

4 11.32 3.4S 1. 86 

s 11. 71 S.22 2 . 29 

6 12. 30 s. 7S 2. 40 

Test Site, Vehicles and Instrumentation-As described for Experiment 1. 
Procedure - The general procedure was similar to that employed in Experiment 1. 

However, to avoid the hazards and spuriously low variances inherent in the "last-safe
moment" technique, a new measure of passing judgment accuracy was developed. Sub
jects were instructed to estimate the time gap between the OT and the QC and to pass 
when the time gap closed to 12 seconds. After each trial, subject was told what the 
time gap actually was at the start of the pass. Subjects were further instructed to es
timate the time gap by judging distance and to adjust their response according to their 
performance on the previous trial, taking QC speed into account. Thus, if on the pre
ceding trial a subject passed at a time separation withagivendeviationfrom12seconds, 
he would adjust for the error by passing a little sooner or later, depending on the di
rection of the error and, to the best of his ability, the change in QC speed. This 

TABLE 3 

EXPERIMENT 2: DISTANCE JUDGMENT 95 PERCENT 
CONFIDENCE LIMITS 

9S-Percent Confidence Limits 
Mean Judged 

Speed (mph) 
Distance (ft) Feet Percent 

30 1328.0 286 .1 21.S 

40 1421. s 304. 3 21. 4 

so 1691. 9 446.0 26.4 

60 1816.0 388.2 21.4 
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Figure 5. Experiment 2: Variance of passing time gaps cs a function of blocks of trials. 

technique is clearly quite sensitive to a subject's ability to judge distance and OC speed, 
and to take OC speed into account. If subjects were able to judge and take into account 
OC speed and distance perfectly, they would pass at 12 seconds on every trial. Hence 
the consistency of the time gaps about 12 seconds observed from trial to trial is taken 
as a measure of passing judgment accuracy. Also, by having subjects pass at or close 
to distances equivalent to 12-second separations, all of the artifacts and most of the 
hazards associated with the previous technique were eliminated. 

Experimental Design 

Each subject had 16 blocks of 12 trials each. The first four trials for each subject 
were constant OC speed, knowledge (K) blocks with QC speeds of 30, 40, 50, and 60 mph. 
Thereafter, each subject had six no knowledge (NK) blocks and six verbal knowledge (VK) 
blocks in alternating sequence. Each NK and VK block consisted of 12 trials in which 
OC speed was varied randomly between 30, 40, 50, and 60 mph within the constraint 
that each speed had to appear three times. LC speed was held constant at 45 mph 
throughout the experiment. On NK blocks, subjects had no OC speed information at all 
except what they could judge for themselves. The experimental design is shown in Fig
ure 4. 

The purpose of the four K blocks was to provide subjects with training and phenomenal 
experience with each of the QC speeds, and to meet the objective of providing an esti
mate of the ability of drivers to judge distance to an OC. Note that with LC and OC 
speeds held constant, the only variable determining the time gap is distance. Hence 
the variability of passing time gaps across a block of trials would be directly related 
to variability of distance judgments. 

Results 

Table 2 shows the means and variances, across subjects, of the observed passing 
time gaps for K, VK and NK blocks. The variances under the K condition indicate the 
consistency or accuracy with which the subjects were able to judge distance to the OC. 
Because distributions of the estimates were quite normal, it is legitimate to state the 
distance judgment accuracies in terms of confidence limits. These data are shown in 
Table 3, which gives the distance~judgment error limits in feet and percent within 
which 9 5 percent of the judgments fell. The high variance in the 50-mph condition may 
have resulted from several halts in testing in the middle of a 50-mph K block due to 
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EXPERIMENT 2: MEANS, VARIANCES, AND STANDARD DEVIATIONS OF 
TIME GAP JUDGMENTS ACROSS SUBJECTS BY OC SPEED 

Knowledge 
Speed (mph) x 02 0 

Equivalent Mean 
Condition Distance 

30 12 .07 1. 69 1. 30 1328.0 

40 11.40 l.SO 1. 22 1421.5 
K so 12.14 2.S8 1.60 1691. 9 

60 11. 79 1.60 1. 26 1816.0 

30 12.03 2 . 49 1.58 1323. 6 

VK 
40 12.16 2.00 1. 41 1516. 3 

so 11. 72 1.64 1.28 1633.4 

60 11.12 1.56 1. 2S 1712 .9 

30 14.40 3.83 1.96 1S84. 3 

NK 40 12. 36 3.19 1. 78 1S41. 2 

50 11.13 2.58 1. 60 lSSl.1 

60 9. 6 7 1. 76 1. 32 1489.S 
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• VK 
x NK • 
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TABLE 5 

EXPERIMENT 3: MEANS, VARIANCES, AND STANDARD 
DEVIATIONS FOR SIX SUBJECTS OF PASSING TIME 

GAPS FOR K, VK, AND NK CONDITIONS BY 
OC AND LC SPEEDS 

Speed (mph) 
Condition oc LC x (J2 CJ 

30 3S 13.00 4.24 2.06 

30 SS 12 .4S 4.02 2.00 

40 3S 12. 40 S.48 2.34 

K 40 SS 10. 86 1. 92 1. 39 

so 3S 12 .10 3.23 1. 80 

so SS 11. 76 1. 68 1. 30 

60 3S ll.9S 4.20 2.0S 

60 SS 11.37 2.48 1. s 7 

30 3S 14.87 6. 82 2 .61 

30 SS 12. 47 2.37 l.S4 

40 3S 12. 71 2.9S 1.72 

VK 40 SS 11. 97 3.92 1.98 

so 3S 13.23 6.26 2.SO 

so SS 11.08 7.S2 2.74 

60 3S ll.S9 2.22 1. 49 

60 SS 11.16 3.lS 1.77 

30 3S 1S.S6 4.19 2.0S 

30 SS 13.SO 4.S4 2.13 

40 3S 13. 40 2.49 l.S8 

NK 40 SS 11.Sl 2 .12 1. 46 

so 3S 11.91 1. 76 1. 33 

so SS 10. 76 2 .s 7 1. 60 

60 3S 10.30 2.33 l.S3 

60 SS 9.S7 2.38 1. S4 

61 

mechanical difficulties with the test vehicles. If the 50-mph data are ignored, the evi
dence is that the subjects were able to make distance estimates with an error of 20 per
cent or less 9 5 percent of the time. 

Table 2 also shows the variance of the passing time gaps for the six VK and NK 
blocks. These variances are summarized in Figure 5. All of the VK variances are 
significantly lower than the NK variances, indicating that subjects were able to take 
verbal OC speed information into account in judging the time separations. There is a 
suggestion of learning in the variable downward trend of the VK variances while the NK 
variances are uniformly high. The means of the judgments show no systematic trend. 
Note that the Kand VK variances are quite comparable, even when the high variance 
associated with the 50-mph K condition is not considered. The implication is that pro
viding the subjects with OC speed information is equivalent to holding OC speed constant. 

Table 4 shows the means, variances and standard deviations for K, VK and NK con
ditions for each OC speed. The K data are repeated from Table 2 to facilitate comparison. 
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TABLE 6 

EXPERIMENT 3: MEANS, VARIANCES, AND STANDARD DEVIATIONS 
FOR SIX SUBJECTS OF PASSING TIME GAPS FOR VK AND NK 

CONDlTIONS BY OC AND LC SPEEDS 

Condition Block LC Speed (mph) x 02 a 

1 35 13.28 4.11 2.03 

1 55 11. 87 3. 10 1. 76 

VK 2 35 12.61 7. 72 2.78 

2 55 11.11 1. 76a 1. 33 

3 35 12.65 4.18a 2.04 

3 SS 12.54 3.Sl a 1. 87 

1 35 12. 46 5.23 2.28 

1 55 11.11 3.26 1. 81 

NK 2 35 12 .42 8.32 2. 88 

2 55 11.16 4.91 2 .22 

3 35 12.56 9 .0 8 3. 01 

3 55 11.91 5.74 2. 40 

a Significantly larger than the corresponding NK value. 

Note that for both knowledge conditions the mean passing time gaps tend to remain con
stant, while under the NK conditions subjects increasingly overestimated the time gap 
as the speed of the OC increased. These data are shown graphically in Figure 6, in 
which mean passing distances for K, VK and NK conditions are plotted against OC speed. 
The straight line indicates the 12-second equivalent distance for each speed and is ob
viously a very good fit for the K means. The NK means show no such trend, indicating 
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Figure 8. Experiment 3 : Variance of passing time gaps as a function of blocks of trials. 
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little if any speed judgment. The fact that the mean NK passing distance at 60 mph was 
actually less than at 30 mph indicates that the subjects were not able to discriminate be
tween these extreme speeds. This is in contrast to the results of the previous experi
ment in which there was some suggestion of speed discrimination at the very short dis
tances which obtained in that study. The VK means show a consistent increase with OC 
speed, with relatively low variability. However, the trend does not follow the theoref
ical line and appears to be curvilinear. The indication is that subjects did not com
pletely compensate for OC speed. The difference between the VK and NK means in 
Figure 6 reflects the difference between knowing and having to judge OC speed while 
the difference between the VK and K (or theoretical) means is associated with having 
to apply knowledge of OC speed. 

Note that the variances associated with the time gap means shown in Table 4 diminish 
consistently with increasing OC speed under all three conditions. The variances about 
the 60-mph mean are quite low and very close while at 30 mph they are much higher, 
with the NK variance significantly larger than the K or VK variances. These data are 
similar to those obtained in the first experiment, but none of the explanations developed 
to explain similar results in the previous study apply here. One possible explanation is 
that at the higher speeds the amount of tangent roadway was somewhat limited placing 
an artificial upper limit on the time gaps. 

To summarize the above results it was found that (a) subjects were able to make 
relatively good judgments of the distance between the OT and OC-a 20 percent error 
or less 9 5 percent of the time; (b) subjects showed virtually no ability to judge OC speeds 
at distances equivalent to a 12-second OT-OC gap; and (c) subjects were able to use in
formation about OC speed in adjusting their time gap estimates. 

EXPERIMENT 3: VARIABLE LC SPEED 

Experiment 2 established that with constant LC speed most of the variability in pass
ing gap judgments was associated with OC speed; that distance judgment was relatively 
good; and that subjects were able to make effective use of verbal OC speed information. 
The purpose of the third experiment was to determine the effect of LC (and hence OT) 
speed on passing gap judgment. 

Method 

Six subjects were used, all public school teachers with a minimum of four years 
driving experience. The experimental setup and procedure was identical to that em
ployed in the previous experiment except that subjects had 16 trial blocks and LC speed 
was varied randomly between 35 and 55 mph throughout the experiment. The design is 
shown in Figure 7. 

Results 

The results of Experiment 3 are summarized in Tables 5 and 6. Table 5 shows the 
means, variances, and standard deviations of the passing time gaps for K, VK, and NK 
trials broken down for OC and LC speeds. As in Experiments 1 and 2, higher variances 
are consistently associated with the lower speeds. This is shown graphically in Figure 
8. Note that the Kand NK variances are generally higher than those obtained in Exper
iment 2, and the difference between the knowledge and no knowledge conditions less. 
These effects can be attributed to variability associated with having to correct for LC 
speed. 

Table 6 shows the passing time gap statistics for VK and NK blocks, broken down 
for LC speed but computed across OC speed. In each comparison the NK variances are 
larger than the VK variances but the differences are not as striking as in the previous 
study and only three of the differences are significant. Apparently the variable LC speed 
produces a general increase in variability which tends to mask the effect of giving OC 
speed information. 

Figure 9 is a plot of the mean passing distances against OC speed for K, VK and NK 
conditions and with LC speed as a parameter. As in Figure 2, the straight line shows 
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the 12-second equivalent passing distances. Under the 55-mph LC speed condition the 
K means fit quite well. The VK fit is also good although there is a pronounced drop-of 
at the higher OC speeds. This tendency also appears to a lesser extent in the K means 
and is attributable in part to the relatively large effect of subj ect and experunente1· 
(stopwatch) reaction time at high closing rates. Under the 35- mph LC . speed condition 
the K fit is good although there is a tendency to overcompensate at low OC speeds. Tht 
VK means show a trend in the right direction but there are reversals and a pronounced 
tendency to overcompensate, i.e., to underestimate the time gap. The poor fit is 
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reflected in the relatively high VK block variances. As in the previous experiment the 
NK means indicate no QC speed discrimination at all and a tendency to pass at a con
stant distance equivalent to 12 seconds at a closing rate of 80-90 mph. 

In Figure 10, the VK mean distance data have been combined for both LC speed con
ditions to show mean passing gap distance as a function of closing rate. A straight line 
provides a good fit and the line shown in the figure is a least-squares approximation. 
The slope of the line is somewhat less than the ideal, or 12-second, line indicating that 
the drivers tended to pass a little too soon at low closing rates and a little late at high 
closing rates. Nevertheless, the performance represented by the slope of the VK means 
is a considerable improvement over the time gap judgments obtained under the no
knowledge condition. Drivers apparently were able to compensate effectively for their 
own speed and QC speed, when the QC speed was known. 

CONCLUSIONS 

This series of experiments produced a number of clear-cut results. It may be con
cluded (a) that drivers are able to make good judgments of the distance to an oncoming 
car; (b) that at normal passing distances drivers do not respond appreciably to oncom
ing car speed; and (c) that drivers are able to make good use of verbal knowledge of 
oncoming car speed in making passing judgments. The finding that drivers were unable 
to judge oncoming car speed is consistent with that of Michaels (5), who showed that the 
relevant cues are below threshold at normal passing distances, and with Bjorkman's 
(1) data. 
- It would appear then that one way to improve passing performance is to provide some 

information about oncoming car speed. The present data show that a marked reduction 
in passing time gap variance (and hence, safety margin variance) can thus be achieved. 
It should be noted that the mean passing time gap and resultant mean safety margin 
adopted by a group of drivers may not be affected by the provision of oncoming car speed 
information. Nevertheless, a reduction in variability in passing gap acceptance and 
safety margin can have important consequences for both safety and throughput. Lower 
variance means that more drivers will pass when they should and fewer will pass when 
they should not. Therefore, it is felt that alternative techniques for presenting oncom
ing car speed information to drivers should be explored from a cost-effectiveness 
standpoint. 
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