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•THIS experiment is concerned with driver judgment in overtaking, the prepass portion 
of a flying-pass situation. The objectives are to evaluate driver judgment of time head
way in overtaking and to establish the roles played by judgment of headway distance and 
closing rate in making the overall time-headway judgment. 

Headway distance (H) is defined as the distance between the front of the overtaking 
car (OC) and the rear of the lead car (LC). The closing rate (CR) is the speed advan
tage of the OC over the LC; and the time headway (TH) is H/CR-the time separation 
between the OC and LC . 

When one vehicle overtakes another on a two-lane highway, the driver of the OC must 
decide whether to pass the LC or to slow down and follow. Whether the passing situa
tion is limited by oncoming traffic or by sight-distance restrictions, the overtaking 
driver must take into account H to and CR with the LC in order to make a valid passing 
decision. In situations where a pass is not possible, the CR will determine the mini
mum H at which a driver must start braking if he is to match speeds smoothly with the 
LC at a reasonable following distance-the greater the CR, the greater the headway at 
which the driver must begin braking. Ideally, then, decision-making in an overtaking 
situation should be based on the time headway (TH) between the OC and LC at the time 
of the decision. 

The prevalence of rear-end collisions on two-lane highways suggests that drivers 
are very poor judges of TH. Results of a previous study (1) indicated that drivers are 
sensitive to the closing rate with a lead vehicle in an overt3.king situation but are prone 
to over- or underestimate time headway when closing rates are high or low. Experi
ments performed by Michaels (2) indicate that at CR's over 10 mph, the CR cue pro
vided by the rate of change of the visual angle subtended by the LC is well above thresh
old at distance headways equivalent to TH's of 5 to 10 sec. That drivers can detectCR's 
in these situations does not mean, however, that they can usefully discriminate one CR 
from another. Further, even if drivers can judge CR with reasonable accuracy, there 
remains the problem of taking this information into account usefully to estimate the TH. 

The purpose of the present study, therefore, is to evaluate the ability of drivers to 
judge headway and closing rate in overtaking situations. 

METHOD 

The study was conducted on a completed but unopened section of 1-95 in Philadelphia. 
Experimental runs were performed on one side of the roadway, which consisted of four 
adjacent 12-ft lanes. The test section was several miles long and incorporated a 3500-
ft level tangent section on which test runs were performed. 

Two cars were used in the tests: a Rambler station wagon (LC), and a Chevrolet 
Impala sedan (OC). The OC was equipped with a 327-cu in. -VB engine (250 hp), power 
steering, automatic transmission, and standard brakes. 

Ten Philadelphia public school teachers with a minimum of B years of driving expe
rience were used as subjects. 

Procedure 

At the start of each trial the driver of the LC accelerated to the assigned speed for 
that trial on the right-center lane of the roadway, and maintained that speed constantly 
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Figure 1. Experimental design. 

throughout the trial. A few seconds later the OC, driven by the subject, accelerated to 
its assigned speed for that trial, following the LC in the same lane. The assigned OC 
speed was always higher by 10, 20, or 30 mph than the LC speed, so that on every trial 
it eventually overtook the LC somewhere on the roadway. The starting positions of both 
the LC and QC and the delay of the start of the QC were varied randomly so that the 
point on the roadway at which overtaking took place varied randomly from trial to trial. 
The subject driver was instructed to maintain the assigned speed as accurately as pos
sible throughout the trial. When the subject judged that the TH between the OC and LC 
was equal to a given number of seconds, he was to indicate this verbally, pull into the 
left-hand lane while maintaining his assigned speed, and continue until he had passed 
the LC. On some trials the subject was to indicate a 5-sec TH, and on other trials, a 
10-sec TH. The experimenter, riding with the subject in the OC, used a stopwatch to 
measure the actual TH. At the end of each trial, the subject was told what the TH ac
tually was when he gave his estimation. The accuracy with which a subject could judge 
the TH was clearly dependent on his ability to judge both distance to H and CR with the 
LC. 

Experimental Design 

Each subject had four blocks of 36 trials. Each block consisted of 6 replications of 
each of 6 OC-LC speed combinations. The various speed combinations produced 10-, 
20-, a.i-id 30-mph CR' a a..Ad, in a block of trials, each subject eA-perienced each CR 6 
times at an OC speed of 45 mph and 6 times at a speed of 60 mph. In two of the blocks 
(variable-CR blocks), the speed combinations were presented in random order. The 
other two blocks were constant-CR blocks, which were divided into three sub-blocks of 
12 consecutive trials at a constant CR. For expample, a typical constant-CR block 
started with 12 trials at a 20-mph CR, followed by 12 trials at a 10-mph CR, followed 
by 12 trials with a 30-mph CR. Subjects had no break between sub-blocks. Within a 
sub-block, the order of presentation of OC speed (and hence LC speed) was random. 
P1·io1· to the sta.J:t of each sub-block in couslaul-CR biuck8, the 8ubjed was told the CR 
for the next 12 trials and was reminded of the CR prior to the start of each trial. On 
the variable-CR blocks, subjects were given no knowledge of the CR beyond their own 
judgment of it. On one each of the constant-CR and the variable-CR blocks, the subject 
was asked to estimate when he was 5 sec behind the LC, and on the other two blocks he 
was asked to indicate when he was 10 sec behind the LC. The experimental design is 
shown in Figure 1. 

On a variable CR-block, the accuracy with which a subject could judge a 5- or 10-sec 
time gap was clearly dependent on his ability to judge the distance to the LC, and the CR 
with the LC. However, on constant-CR blocks, the relationship between Hand TH was 
constant, so that subjects had to judge only the Hin order to estimate the TH. 

RESULTS 

Table 1 shows the variances of the estimated TH's computed across subjects and CR 
as a function of the variable-CR and constant-CR trials and of the TH to be judged. The 
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TART,F. 1 TABLE 2 

VARIANCE OF TH ESTIMATES FOR CONSTANT AND 
VARIABLE CR's AS A FUNCTION OF OC SPEED AND 

TH TO BE JUDGED 

VARIANCE OF TH ESTIMATES WITH CELL VARIANCES 
OF SCORES EXPRESSED AS PERCENT DEVIATIONS 

FROM CELL MEANS 

TH Estimates (sec) TH Estimates (sec) 

OC Speed Constant CR Variable CR OC Speed Constant CR Variable CR 
(mph) (mph) 

5 10 5 10 6 10 10 

45 1. 13 2. 64 1. 68 8.09 45 1. 76 1. 29 2.62 4. 29 

60 1. 10 1. 19 1. 71 6. 30 60 1. 72 1. 85 2. 17 3.28 

effect of OC speed was not significant; however, the variances associated with the vari
able-CR condition were consistently and significantly (<O. 01) larger than the constant
CR variances. 

The size of the TH to be judged also had a significant ( < 0. 01) effect on the variances; 
the variances of the TH judgments around 10 sec were considerably larger than the vari
ances around the 5-sec gap. The variances under the variable-CR, 10-sec TH condition 
are especially high. 

The findings indicate that under constant CR, subjects were able to judge TH more 
accurately than under the variable-CR condition. The significantly larger variable er
ror associated with the variable-CR condition can be attributed to the necessity of sub
jects having to judge and take into account the CR as well as distance in estimating the 
time gap. However, the variances associated with the 10-sec time gap are spuriously 
inflated because the absolute value of deviation from the mean of a given percentage 
would be twice as large with a 10-sec mean score than with a 5-sec mean score. For 
example, a 20 percent error in judgment would mean an error of 1 sec in estimating 
the 5-sec gap, but 2 sec in estimating the 10-sec gap. The data of Table 1 are given in 
Table 2 with each variance computed on scores expressed as percent deviation from the 
cell means. Figure 2 shows these data in graphic form. 

With the variances so computed it is seen that the size of the TH has no effect on 
variable errors expressed as a proportion when the CR is constant. Under the variable
CR condition, the variance increased with TH and was significant at an QC speed of 45 
mph, suggesting that subjects found it more difficult to judge CR at the greater headway 
distances associated with the 10-sec condition. 

Under the constant-CR condition, subjects had to judge only distance (H) to make an 
estimate of the TH; hence the variability of the TH estimates is directly related to dis
tance-judgment ability. Table 3 gives for the constant-CR trials the standard deviations 
of the time headways judged equal to 5 or 10 sec, the 95 percent confidence limits ex
pressed as a percentage of the TH, and the same 
confidence limits expressed in feet. The con-
fidence limits tend to decrease, indicating an 
increase in judgment accuracy with increasing 
closing rate. This effect is statistically signil-
icant (<O. 05), suggesting that subjects were _ 
able to judge larger distances with better pro- N~ 

3 
portional accuracy than smaller distances. 
The confidence limits associated with judgment 
of the 10-sec gap are less than those associated 
with the 5-sec gap, but this difference is not 
significant. 

0 
0 

VARIABLE CR 

·--
10 

TIME HEAOWAY TO BE JUDGED (SEC) 

Table 4 gives, under various combinations 
of conditions, the mean of the TH' s that actually 
obtained when the subjects judged themselves 
to be 5 or 10 sec away from the LC . Since OC 
speed had no effect on the mean data, it is not 
included as a variable. For both constant-CR 

Figure 2. Variances of TH estimation error 
scores expressed as deviations from ce 11 

means as a function of TH to be judged. 



TABLE 3 

DISTANCE JUDGMENT CONFIDENCE LIMITS FOR DIFFERENT CR's 
AND TH's CONSTANT-CR TRI!\LS 

95 Percent 

Equivalent Standard Confidence 
TH Judgments CR Deviation of Limits 

(sec) (mph) Distance TH Judgments 

TABI.E 4 

MEAN TH ESTIMATES AS A FUNCTION OF CR FOR 
CONSTANT AND VAFtIABLE CR's AND TH JUDGMENTS (ft) 

(e:ec) 
% '.C 

: Distance 

10 

10 73 1 04 34 
20 147 0 . 58 19 
30 220 o. 32 11 

10 147 1. 20 20 
20 293 o. 57 9 
30 440 0 . 44 7 
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Figure 3. Mean distance judged to be equivalent to a 
TH of 5 or 10 sec as a functiori of CR. 

(ft) 

25 
28 
23 · 

29 
28 
32 

TH 
CR (mph) 

CR (sec) 10 20 

Constant 5 5. 52 5.12 
10 10. 37 8.95 

Variable 5 6. 26 5.10 
10 11.02 8. 92 

TABLE 5 

MEAN TH ESTIMATION ERRORS EXl'RESSED AS 
PERCENTS 

TH 
CR (mph) 

CR (sec) 
10 20 30 

Constant 5 10.4 2. 0 - 6. 4 
10 3. 7 · 10. 5 -10. 4 

Variable 5 25.0 2. 0 16. 6 
10 10. 2 · 10. 8 -22. 3 

30 

4.68 
8. 96 

5. 83 
7. 77 
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and variable-CR conditions, the TH's tend to decrease with increasing CR. This effect 
is statistically significant (<0.05). 

Table 5 presents the data of Table 4 with each entry expressed as a percentage error. 
Under both the 5- and 10-sec conditions, the proportional errors are higher under the 
variable-CR condition than under the constant-CR condition, but this effect is not signif
icant. A stronger effect was produced by the size of the gap to be judged. At the higher 
CR's the proportional error of TH judgments was significantly smaller under the 5-sec 
condition than under the 10-sec condition. 

These effects are illustrated in Figure 3, in which the distances judged by subjects 
to be the equivalent of 5 or 10 sec are plotted as a function of constant and variable CR. 
The two lines represent the distances associated with a 5- and 10-sec TH at each CR. 
Deviations of points from the line represent a bias error in estimating the TH. Note 
that, in general, the bias errors about the 5-sec TH are low, and the performance under 
constant-CR and variable-CR conditions is similar. Under the 10-sec condition, how
ever, subjects tended to overestimate the TH increasingly as CR increased. This ef
fect is more pronounced for the variable-CR trials than for the constant-CR trials. The 
three-way interaction between TH, CR, and variability vs constancy of CR is significant 
(<O. 01 ). That is, under the 10-sec TH condition, errors of t he TH estimation increased 
with CR, but increased more under the variable-CR condition. 

CONCLUSIONS 

The only condition that had a significant effect on the var iability of judgments was 
constancy/ variability of CR. The variable-CR produced a larger variable error in 
judgment than did the constant-CR condition. In general, the variability was about twice 
as high when CR's were randomly varied than when CR's were constant. The increase 
in variability under the variable-CR condition is attributed to the subjects' need to judge 
and take into account CR under that condition. 

Headway-distance judgment accuracy was good: subjectsestimatedH's towithinabout 
30 ft, independent of the distance, 95 percent of the time . The proportional error de
creased with the distance to be judged and at 440 ft 95 percent of the judgments were 
within 7 percent of the true H. Under the 5-sec gap condition, the variability /constancy 
of CR's had little effect on constant errors of judgment of the TH. However, in estimat
ing 10-sec TH's under the 30-mph CR condition, subjects under the variable-CR condi
tion overestimated the TH to a significantly greater degree than they did under the con
stant-CR condition. Apparently, under the variable-CR condition, subjects tended to 
underestimate the 30-mph CR. 

If subjects had been completely unable to estimate and take into account CR, and had 
based their estimate of the TH solely on H, the variable-CR mean would have produced 
a horizontal line in Figure 2. The fact that the H's increased with CR under the vari
able-CR condition indicates that subjects were sensitive to CR (3). This result contra
dicts the findings of the passing experiments (2) in which subjects were completely in
sensitive to the CR with an oncoming car at diStances over 1200 ft. However, as stated 
above, TH estimates varied significantly more when subjects had to judge the CR. The 
fact that subjects were able to judge CR to a limited degree under the controlled condi
tions of an experiment in which they were motivated to perform does not mean that 
drivers behave this way on the highway. Also, after a few trials the subj ects become 
familiar with the range of CR's and the high (30-mph) closing rate did not sur prise the 
subjects. Had the 30-mph CR occurred more rarely so that it was not anticipated, it is 
likely that the associated TH's would have been substantially overestimated. 

On the highway, overtaking drivers must judge and take into account the TH with a 
lead car to make good decisions. Poor TH estimates can lead to errors of several 
kinds. All things being equal, the less the TH, the less the time required to complete 
a flying pass. Hence underestimation of TH can lead to the acceptance of hazardous 
passing opportunities; overestimation of time can lead to the rejection of safe passing 
opportunities. In situations where a pass is not possible, overestimation of TH can 
result in a rear-end collision. 



.. .. 

62 

Since the judgment of CR is a significant factor in errors of TH judgment, CR must 
be considered as a candidate for remediation. However, further experimentation in 
this area is required to establish the influence of providing CR information on TH-judg
ment accuracy. The experiment produced no results to suggest that headway-distance 
judgment is a problem, and no remediation in this area is indicated. 
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