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Passing Aid System II (PAS II), a traffic monitoring system 
currently under development, is designed to advise drivers on 
2-lane roads whether it is safe to pass in a sight-limited situa
tion. The present study compares the effects of alternate PAS 
II in-car displays on driver performance in a highway driving 
simulator. The 3 displays tested were an alphameric readout, 
a flashing-color indicator, and an auditory signaling system; all 
3 displays indicated the time before an oncoming car would be 
met. The alphameric display was related to consistent and con -
servative passing under normal circumstances. Drivers did 
not respond to emergency situations as well with the alphameric 
as with the flashing display. The auditory display, with a re
petitive rate of sound, was confusing to drivers. Drivers pre
ferred the alphameric display and rated the auditory low. Based 
on both throughput and safety maximization, the flashing display 
was recommended. 

•TRAFFIC ON 2-LANE RURAL HIGHWAYS is often impeded by slow-moving vehicles. 
The driver who decides to pass must evaluate a complex problem involving acceleration 
and handling characteristics of his own vehicle, the passing car (PC), closing rate of 
his car with respect to the leading (LC) and approaching (AC) cars, distances to LC and 
AC, and road geometry, all within a few seconds. In the sight-limited, no-passing zone 
situation, information about the AC is not available and is replaced by the a priori prob
abilities estimated from previous oncoming traffic density. In a high-risk game against 
unpredictable events, the driver probably obeys the traffic law. When he does not, he 
occasionally loses the game. 

BACKGROUND 

Various techniques for estimating "goodness" of passing decisions have been applied 
to the oncoming-car, limited pass, where the AC is in sight while the passing decision 
is made. Drivers tend to overestimate low closing rates, underestimate high ones (1), 
and only slightly adjust to closing velocity (2). Jones and Heimstra (3) found that almost 
half of the judgments by drivers of the last point in time for safe pasSlng were underes
timates. Crawford (4) reported driver response speeded up as time to pass became 
short, then slowed down as time became too short for a safe pass, thus compounding 
risk in the latter situation. 

Passing judgments were reported to be significantly improved when drivers were 
provided with knowledge of AC speed or closing velocity (1). Although the addition of 
information did not change passing time and safety margins, the variances of accepted 
passing time gaps and of safety margins were reduced significantly, indicating that the 
driver with knowledge was a more stable part of the driver-car-road system. A final 
criterion for the value of an information system is accident and mortality data, not 
available from the field except in grossest form and experimentally accessible only from 
simulation studies. 
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The U.S. Bureau of Public Roads has been exploring electronic techniques for de
tecting traffic flow and for giving drivers passing-aid information in sight-limited situa
tions. A feasibility study was conducted on an early configuration of the Passing Aid 
System I (PAS I) at the Fairbank Highway Research Station, McLean, Virginia (5). 
Drivers were informed by an auditory signal whether an oncoming car was more t han 
1,300 ft away (steady tone) or less than 1,300 ft away (intermittent tone that increased 
in rate as distance decreased). Results indicated that PAS I increased the frequency 
of safe passing but did not change the frequency of unsafe passes. 

The PAS concept is being developed into an operational system by the Raytheon Com
pany under contract to the Bureau of Public Roads. A critical question arising from the 
PAS I findings is how should the information be given to the driver considering a pass. 
The PAS II system will be capable of determining time gaps between PC and AC. Three 
types of displays were considered practical and compatible with the PAS II system: (a) 
an auditory display similar to that used in PAS I; (b) a visual display of an alphameric 
message that gives time gap as a readout with redundant green-yellow-red color coding; 
and (c) visual display of a flashing, color-coded technique without the readout of the 
number of seconds in the time gap. 

The question addressed in the present research was: If we presume that information 
concerining the AC may be used to reduce driver error (1, 5), which of the 3 types of 
displays proposed for use in PAS II, auditory (AUD), alphameric (A/N), or flashing 
(FL), would maximize road throughput and minimize risk in the passing maneuver? This 
study investigated the problem of display selection through a realistic simulation of a 
2-lane highway situation, and an analysis of passes made under conditions expected to 
be found on the road. 

METHOD 

The Driving Environment 

The PAS II experiment used the optical-belt simulator of the Injury Control Labora
tory, Providence, Rhode Island. Four movable belts simulate the lanes and roadsides 
of a 2-lane rural road. The belts are optically interfaced with a full-sized, laterally 
moving car body (Fig. 1). 
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Figure 1. Optical-belt simulator. 
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Figure 2. Driver's view of roadway and PAS 11 display on dashboard. 

The driver sits in a Rambler American 2-door sedan with automatic transmission. 
He views a display of the road scene (Fig. 2) appearing on a rear-projection screen 
directly in front of the Rambler windshield. Functioning instruments and controls and 
wind and motor noise are added for realism. Steering action causes the Rambler to 
move laterally in the direction steered; the input optics also move laterally across the 
near end of the conveyor belts. Further details concerning the simulator are given in 
other reports ~' :!._). 

PAS II Displays and Simulation 

Three types of display messages, alphameric, flashing, and auditory, were used in 
the study to indicate the time before meeting an AC. Each display used either 5- or 

TABLE 1 

INFORMATION GIVEN IN EACH DISPLAY 

Condition 
Alphameric Alphameric Flashing Flashing Auditory Auditory 
6-Message 4-Message 6-Message 4-Message 6-Message 4-Message 

System not 
operating Black Black Black Black No sound No sound 

25 sec or 25 SEC Green light 1, 100 Hz tone 
more green hackground 20 SEC at 1.0 signal Green light at 1.0 signal 1,100 Hz tone 

green background per sec at 1.0 signal per sec at 1.0 signal 
20 to 25 sec 20 SEC Green light per sec 1, 100 Hz tone per sec 

green background at 1.3 signals at 1.3 signals 
per sec per sec 

15 to 20 sec 15 SEC Yellow light 1,100 Hz tone 
yellow background 10 SEC at 1.6 signals Yellow light 

at 1.6 signals 
1,100 Hz tone 

yellow background per sec at 2. 3 signals 
per sec 

at 2.3 signals 
lO lo 15 sec 10 SEC Yellow light per sec 1, 100 Hz tone per sec 

yellow background at 2.3 signals at 2.3 signals 
per sec per sec 

10 sec or DON'T PASS DON'T PASS Red light Red light 1,100 Hz tone 1,100 Hz tone 
less red background red background at 3.6 signals at 3.6 signals at 3.6 signals at 3.6 signals 

per sec per sec per sec per sec 

Unanticipated ABORT with intermittent red background Red light and 1,450 Hz tone at 1,450 Hz tone at 3.6 signals per 
approach and 1,450 Hz tone at 3.6 signals per sec 3.6 signals per sec sec 
car (abort) 
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10-second intervals, requiring 6 or 4 messages respectively to cover the time period of 
interest, 30 sec. The information presented in each display is given in Table 1. 

All displays were generated on an in-car display unit mounted on top of the dash
board in the center of the Rambler PC . The visual displays were produced on an IEE 
Series 10 rear-projection readout device and shown on a 1 5/i.6 -in. square screen. Audi
tory signals were presented by a 3- in. loudspeaker mounted within the in- car display 
unit. Specific details of display design are given in another report (6). 

An experimenter's control unit contained the electronics required-for setting up time 
gaps, selecting display mode and message length, and controlling message presentation. 
Outputs from the display generator were used to trigger the start of the AC down the 
simulator roadway at the appropriate time and to feedaBeckman8-channelpenrecorder. 

Experimental Design 

The experimental parameters are given in Table 2. A 4-factor repeated-measures 
design was used, with all drivers tested individually under all combinations of displays, 
number of messages, time gaps (TG), and designated velocities (DV). The abort con
dition occurred as a random factor within the 30-sec time gap and was balanced across 
the other 3 factors. 

Six combinations of display mode and numbers of messages were available. Each 
combination was given to a driver on a separate day. The drivers were randomly as
signed to counterbalanced orders of display presentation to control practice effects. 

On a given day, the driver was presented with 24 optional passing events that included 
each time gap at each designated velocity plus 4 abort conditions occurring at the 4 des 
ignated velocities with an initial 30-sec time gap. Passing during each designated 
velocity was aborted only once in each session. The 24 optional passing events were 
presented in random order to each driver. Experimental sessions, including warm-up, 
were an hour long. Drivers finished the experiment within 2 weeks of an initial prac
tice session . 

Experimental Procedure 

After 10 min of warm-up, the driver began the test section of each session by bring
ing his vehicle, the PC, up to and maintaining a velocity designated by the experimenter 
(30, 40, 50, or 60 mph). After 30 sec of driving with no oncoming or impeding traffic, 
an LC was brought into view. The experimenter manipulated the velocity of LC so that 
PC, at the designated speed, gradually overtook it until a prepass headway correspond
ing to 1 car length per 10 mph was obtained. The experimenter disengaged the clutch 
for the right lane belt, holding the headway constant, and monitored the PC speed. 

After 15 to 30 sec, the experimenter initiated the optional passing event by simul
taneously engaging the clutch of the right lane belt and switching on the PAS II in-car 
display, already set for the preselected TG. The TG was assigned 5 values: 10, 15, 
20, 25, or 30 sec. The display in use for the particular session-day immediately in
dicated the TG available and showed, in decreasing intervals, the TG remaining. 

The driver had to decide, based on the information presented on the display, whether 
he could pass in the available time. The driver was preinstructed that, if he passed, 

TABLE 2 

EXPERIMENTAL PARAMETERS 

Parameter 

Number of messages 

Display mode 

Time gap 

Designated velocity 
Prepass headway 

Abort condition 

Level 

4-message, 6-message 

Alphameric, Flashing, Auditory 

30, 2 5, 20, 15, 10 sec 

30, 40, 50, 60 mph 
60, 80, 100, 120 ft 

On, Off p (Abort) = % 

he must remain in the passing lane until 
he saw the LC headlights switch on in his 
rearview mirror (Fig. 1). He could then 
return to the right lane. The LC head
lights were timed to appear 2. 5 sec after 
the PC simulated passing the LC, which 
allowed for a reasonable clearance before 
returning to lane. 

If the pass was successful, the driver 
proceeded on the open road at a newly des
ignated speed with no oncoming or im -
peding traffic for approximately 30 sec at 
which point another LC came into view. 
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The experimenter proceeded to establish the prepass headway again by controlling the 
LC speed while monitoring the PC speed and keeping it within limits. 

An unsuccessful pass occurred when the PC (actually the input optics to the driver's 
compartment) struck either an LC or AC in the act of passing or aborting a pass. All 
conveyor belts were stopped, the vehicles were repositioned, and the experiment was 
resumed as after a successful pass. 

If the driver decided not to pass, he remained in lane until the AC passed, whereupon 
the experimenter adjusted the LC speed to the speed for the next trial, notified the driver 
of the proper speed, and readjusted the prepass headway to correspond to the newly des
ignated speed. 

If the driver started to pass, and then changed his decision, he could return behind 
the LC. In this mode, a head-on collision might have taken place, depending on the point 
of the PC reentry into the right lane. After reentry, the experiment proceeded as after 
a rejection of a passing option. 

An abort signal was initiated by the experimenter once during each of the 4 designated 
velocities with a TG of 30 sec. At the 30-mph DV, the abort signal appeared 3 sec after 
the initial TG = 30 sec message; at 40 mph, 5 sec after; at 50 mph, 7 sec after; and at 
60 mph, 9 sec after. (Extensive pilot testing indicated that at these times and speeds 
the average driver would be at the point in his pass where it would be equally difficult 
to get safely behind or in front of the LC .) Simultaneously with the abort signal, the AC 
was started down the conveyor belt at the same speed as the PC's initial and designated 
velocity. The driver could then either attempt to pass LC or attempt to maneuver be
hind LC. The abort signal was displayed until the AC passed or collided with the PC. 

Subjects 

Twenty-four drivers took part in the study, 13 males and 11 females. These sub
jects, whose ages ranged from 21 to 64, were licensed drivers with at least 20/30 cor
rected distance acuity and normal color vision as determined on the Bausch and Lomb 
Orthorater. Drivers had a minimum of 4 years' driving experience. Each participated 
in all phases of the experiment and used all display configurations. Further informa
tion on the driver sample is contained in another report ~). 

RESULTS 

Number of Successful Passes 

The objective of a passing-aid system is to facilitate traffic flow while maximizing 
driver safety. A global index of level of traffic in the present study was the number of 
passes successfully completed with each display. An analysis of variance of passes 
made using the 3 display modes and 2 message lengths indicated significant effect of 
display mode (p < 0.05). The A/ N displays were associated with significantly fewer 
passes than either the FL or AUD, averaging about one pass less per session. There 
was no significant difference between 4 and 6 messages, nor were there any significant 
interactions. 

Passes completed at each designated velocity and time gap for each display were not 
treated statistically because of the great variation in number of items per cell. The 
frequencies of passes made at DV's and TG's were used to derive median acceptable 
t ime gap for a success ful pass , or time gap threshold (Fig . 3). Passing times aver aged 
about 5 sec longer in this study than in t he liter ature (8, 9) because i n the present s tudy 
passing time commenced with the onset of the display and- not with t he leaving of the 
right l~e, and also included overtaking time from a safe prepass headway. Time gap 
threshold was determined as the time gap where 50 percent of fully attempted passes 
would have occurred, based on frequency of successful passes and occurrence of acci
dents during normal passing. Time gap thresholds for FL displays were lowest of the 
3 displays at 30 mph, a relatively safe condition where the driver had the greatest part 
of the accelerative capability of his car available. FL-4 thresholds were lowest at all 
DV's except 60 mph where the threshold was as high or higher than for any other dis
play. The AUD-6 time gap threshold was lowest of the 6 displays at the most hazardous 
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Figure 3. Time gap thresholds at designated velocities for displays. 

velocity, 60 mph. The A/N-6 display was related to the highest threshold at every 
velocity but 60 mph. 

Safety Margin 

A second criterion of passing performance was the amount of time between the mo
ment the PC returned to the right lane and the moment the PC and AC passed on the 
road, or the safety margin. Figure 4 shows the safety margins for all 3, 6-message 
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displays, the functions for 4-message displays being essentially identical. Differences 
among displays in terms of safety margins were negligible. The only detectable trend 
in the data was that FL displays were associated with lowest average safety margins at 
time gaps above 15 sec. At the 15-sec time gap, there was no apparent difference with 
regard to displays. 

Safety margins decreased linearly with available time gap, dropping by about 5 sec 
with each decreasing TG except at the lowest TG's, where margins decreased propor
tionately less. The linear decrease was attributable to a general anxiousness to com
plete the pass, regardless of displayed message, perhaps because of the possibility of 
abort occurring. At the shortest TG's, however, deviations from linearity were ap
parent in every case. This would appear to mean that subjects wasted a little safety 
margin during safe (TG > 15 sec) passes. The nature of the driver sample changed 
radically, however, when TG was short in that only highly capable and risk-taking (or 
confused) drivers attempted to pass. (Many other passes were begun but aborted as 
soon as the AC appeared.) This reduced sample was probably achieving maximum safety 
margin at every TG. At the shorter TG's the cautious drivers tended not to pass. The 
increase in the mean safety margin at shortest time gaps appeared to be due, primarily, 
to selective sampling. 

Safety margin also decreased slightly but regularly with increasing designated veloc
ity because of the gradual loss of accelerative capability and the longer prepass head
ways found at the higher speeds. At 60/15, margins approached zero, and in no case 
were mean safety margins above 1 sec (Fig. 4), again indicating the hazardous nature 
of that particular DV /TG condition. 

Safety margins obtained by passing during an abort condition followed the same trend 
with respect to DV as in the nonabort cases. Margins averaged about 2 sec at DV = 30 
mph, about 1.2 5 sec at DV = 40, about 0. 7 5 sec at DV = 50, and less than 0. 5 sec at 
DV = 60 mph. Passing on an abort in a high-speed trial was again highlighted as an ex
tremely hazardous maneuver. 

Passing Time 

Driver performance was only one factor in safety margin; this margin was deter
mined also by the starting time and speed of the AC. A more direct measure of driver 
performance was passing time, defined as the interval from display onset until the PC 
returned to the right lane at the completion of a pass. The passing time, as defined, 
included decision and response times, time to overtake and pass, and time to return to 
lane after onset of the LC headlights in the rear of the PC. Prepass headways were 
fixed at 1 car length per 10 mph, a restriction not normally found on the road but one 
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Figure 5. Mean passing time as a function of time gap and 
designated velocity for FL-6 display. 

that was imposed for experimental 
control. The increase in passing 
time with increasing DV reflects, 
in part, this restriction. 

Passing times were plotted for 
the 6 displays at the 4 DV's and 5 
TG's. Differences among displays 
were extremely minor and no trends 
were apparent. Mean passing times 
for the DV's and TG's for a repre
sentative display, FL-6, are shown 
in Figure 5. Passing time increases 
with increasing DV and with increas
ing TG. The longest passing times 
occurred at TG = 30 sec. Slight de
creases appeared at TG = 25 sec 
and again at 20 sec. A much larger 
decrease in passing time occurred 
at TG = 15 sec, ranging from 1. 7 to 
3 .0 sec. The reduction in passing 
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time varied directly as a function of UV and inversely as the number of drivers passing 
at 15 sec. However, only a small part, if any, of the reduction in passing time was at
tributable to variation in the size of the driver sample and elimination of low perform
ers. At 30/ 15, 20 of the 24 drivers passed. At the same DV and TG = 20 sec, 22 
passed. The reduction of the sample by 2 drivers' scores would not have accounted for 
a reduction in mean passing time of 1.7 sec. 

Apparently, drivers were expending maximum effort not at every pass but only when 
TG became short. Passing times on abort were lowest of all and appeared to represent 
close to the minimum possible time obtainable with the particular PC used. 

A criterion for stability of performance, variance reduction, was applied to the pass 
ing time data. Graphical inspection revealed no trend with respect to the small variance 
differences among DV 's. Variances of the distribution of passing times were averaged 
over DV' s and are shown in Figure 6 . Performance using the A/ N- 6 display was asso.
ciated with variance slightly less than that of the rest of the displays. The A/N-4 dis 
play condition had the highest variance at the shorter gaps. No clear distinctions were 
seen among display types or message lengths. 

Passing time variance decreased regularly as TG became short, indicating again that 
drivers were tightening up their responses as time became critical. The reduction of 
mean passing time plus the reduction of variance were the drivers' only methods of 
maintaining their safety margin when they decided to pass. 

Two items are deserving of note with regard to passing time variance. First, this 
statistic did not differentiate among displays, although numerous other measures re
ported here indicate substantial differences among the media. The lack of sensitivity 
of variance seemed to imply that passing time may be a rather automatic product of car 
and driver with the primary modifier being time to pass. Second, a misinterpretation 
of Farber and Silver (1) might lead researchers into a blanket application of variance 
reduction as a criterion for safety in measures other than passing distance or time judg
ments. Application of variance reduction to passing time as an indicant of safety was 
obviously unwarranted, as variance became smaller as time-to-pass decreased and 
risk increased. 

Accidents 

In the present investigation, 13 accidents were observed; accidents were defined as 
vehicular contact of PC-AC or PC-LC. Probability of an accident in 3,456 total trials 

given was 0.0038; probability of an 
accident in 2, 007 complete attempts 
at passes (1, 994 passes plus the 13 
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accidents) was 0.0065. Eleven of 
the 13 accidents involved AC contact 
and were classed as head-on or 
head-on and sideswipe collisions. 
No PC left the roadway, striking 
scenery, during the study. 

The probability of accident dur 
ing the simulation was considerably 
greater than in a real road situation 
because neither the LC nor AC was 
able to take evasive action, compen
sating for a poor decision by the PC 
driver or for an abort emergency. 
Accidents as stated may thus be in
terpreted as hazards to which LC 
and AC drivers would have to react, 
the required amount of their reaction 
varying from slight to considerable. 

The AUD-4 display was associ
ated with 6 accidents; 2 accidents 
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happened under the AUD-6 display. Four accidents occurred with A/N-6 and one with 
A/N-4, all under abort at 60 mph. Accidents did not occur when flashing displays were 
in use. The 60/abort situation was the most hazardous condition, accounting for 7 col
lisions, followed by the 60/15 with 3, the 50/abort with 2, and the 30/15 with 1. 

The incidence of collision on abort was not a fixed percentage of passing attempts 
per display. In the 576 abort conditions, 160 successful passes and 9 accidents occurred. 
Passes were made primarily in the middle range of DV and, except for AUD-4, were 
made with uni.form frequency across displays. The complex relationship of displays to 
accidents is exemplified in the DV = 60 condition. With A/N-6, drivers made 6 attempts 
to pass and had accidents 4 times; with FL-6, they succeeded in passing on all 6 
attempts. 

Only with AUD displays did accidents occur elsewhere other than under abort. A 
rear-end collision occurred at 30/15 with AUD-6 when the driver veered back into lane 
at the onset of the fastest signal rate. This was the only accident below DV = 50 mph. 

The 3 accidents occurring at 60/15 with the AUD-4 display appeared to have been the 
result of message confusion. If drivers were interpreting the 2.3 signals per sec tone 
as a "safe" 1.0 signal per sec tone, and then perceived the 3.6 signals per sec tone as 
a marginal area, effectively having shifted their go/no-go criterion one step from true 
message, their first indication of error would have been the appearance of the AC on 
the belt at a closing rate in excess of 130 mph, were a pass being made. A driver would 
have about 31/z sec to see the AC, reject his erroneous decision, take evasive action, and 
clear the left lane. The time-velocity constraints did not seem to permit sufficient time 
for action with this display. 

Decision-Reaction Time 

Decision-reaction time (DRT) was defined as the interval from onset of the display 
to depression of the accelerator. The fastest mean DRT's were associated with AUD-6 
(0.61 sec) and AUD-4 (0.64 sec). Intermediate mean DRT's were the A/N-4 (0.66 sec) 
and the A/N-6 display (0.69 sec). The slowest responses were to the FL displays, 0.70 
sec fo1· FL-4 and 0.73 sec for FL-6. The auditory-visual DRT difference paralleled 
that found in intermodal comparisons of simple reaction time. Differences among dis
plays, although possibly statistically significant, were too small for practical 
significance. 

The other DRT data available were the accelerator or brake responses to the abort 
signal. These were examined primarily to elucidate the relatively high accident rate 
during aborts for A/ N and AUD displays. Again, variability due to sample size was in 
evidence. Sometimes during an abort condition the driver stayed on maximum accel
erator, which would not permit estimate of his DRT. Two features of abort DRT were 
worthy of note. The abort DRT was just the opposite of no.rmal DRT in magnitude over 
the 3 types of displays; abort DRT's in the flashing modes were fastest, followed by 
alphamerfo and then auditory. Differences in abort DRT's among displays did not seem 
to be of sufficient magnitude of themselves to explain the differential accident rate 
across displays. Second, abort DRT increased as a function of increasing speed, an 
unexpected result and one that would make aborts at high speeds even more dangerous. 

Post-Experiment Subjective Ratings 

At the end of the last experimental session, drivers ranked the 6 displays in order 
of their preferences. The ratings were tested for differential display preferences with 
the Friedman analysis of variance by ranks, resulting in x~ = 62.86, which was distri
buted as chi-square with df = 5, with a probability of chance occurrence <0.001. Drivers 
had definite preferences for displays. To find out what these preferences were and how 
stable they were, we compared ratings for each display with every other using a sign 
test. A significance level of 0.001 was used to ensure that repeated tests would be un
likely to lead to chance significance. These individual comparisons indicated that al
phameric and flashing displays were preferred over auditory displays. Alphameric 
displays were preferred over flashing in 1 comparison. The 6-message systems were 
not any more highly rated than the 4-message systems. The post-experiment ratings 
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agreed with questionnaire data taken at the end of each session. Drivers on the average 
downrated only auditory displays with respect to (a) how much these displays would add 
to safety on the road and (b) how much, in dollar terms, these displays would be worth. 

DISCUSSION OF RESULTS 

The major difference between this investigation and others is that this one was a 
simulated situation whereas other studies have been conducted on the road. In textbook 
discussions contrasting field and laboratory research, the matter always rests on the 
comparison of realism versus precision. Several measures gain substantially in pre
cision or become available for the first time only in the traffic simulator. Gains in 
precision are seen in reaction times based on either of the 2 major pass-oriented re
sponses to a specified stimulus: in prepass and post-pass headways, safety margins, 
and lateral position on the road at all times. Accuracy is limited, ultimately, only by 
the amount of error in the simulator and by the level of sophistication of the recording 
device. Readily interpretable hard copy of the passing performance is a valuable asset. 
Detailed accident data, the ultimate criteria for highway research, become available, 
permitting analysis of performance components for etiological significance. A compre
hensive analysis of accident data, e.g., reaction times, accelerator, brake, and steer
ing performance, is given in another report (6). 

The advantage of field studies has been, undeniably, the realism they have provided, 
although, except for the purely observational studies, certain artificial procedures have 
had to be used to safeguard the lives of the subjects involved. The pr esent study, al
though not intended as a validation of the simulator approach, offers evidence that the 
situation was realistic. Heartbeat rate and EKG data, not analyzed formally, indicated 
that most drivers did react autonomicaiiy to the driving problem, particularly to "close 
calls," accidents, and abort situations. Drivers' verbal reports, both outside and in
side the simulator, showed their emotions were aroused during these same situations. 
Expletives, screams, and self-directed conversation were a frequent accompaniment 
of the insertion of abort, indicating that some stress had been induced. Finally, as is 
often reported in real-life situations, interviews with drivers after accidents were 
notably poor in obtaining details. Drivers were often unsure which car they had collided 
with, and the pen recording had to be the mainstay of accident interpretation. Simula
tion appeared to be an extremely promising technique for future traffic studies. 

In contrast with previous findings indicating driver capabilities were poor (3), drivers 
showed themselves to be remarkable in their ability to adapt to the diversity of passing 
problems and information systems, as indicated by the consistency of safety margins, 
the small but consistent modifications introduced into passing times and time gap thresh
olds. The one puzzling feature of the data was the increase in abort DRT with increas
ing velocity, a finding analogous to Crawford's report (4) of increased DRT as passing 
times dropped below available time gap. The phenomenon could be related to duration 
of initial decision or the effects of vehicle speed on the decision process. In any case, 
this factor may be a significant component of the hazards of emergencies at high speeds 
and deserves further investigation. 

The most efficient displays, in terms of number of passes made, were the flashing 
message units. Graphical analysis indicated that FL displays influenced drivers to 
make easier passes and fewer hazardous ones; i.e., a driver appeared more able to in
tegrate the performance of his own vehicle and available time gap best when time gap 
was presented as a color-coded flash rate. Drivers appeared generally cautious when 
using A/N information and somewhat less cautious with the AUD displays used, particu
larly at higher speeds. In post-experiment interviews, several drivers commented 
that the AUD displays were not very clear. When asked why they had passed so much 
with the AUD displays, the consensus was that they were willing to start a pass in "igno
rance" and wait to see what happened. At low speeds and short time gaps they tended 
to terminate passing when the AC appeared on the highway, even though it was traveling 
relatively slowly. At high speeds and short time gaps, using the same strategy, drivers 
often found themselves in trouble. In the AUD-display conditions, drivers seemed far 
more road-oriented than display-oriented and were behaving as if they were in a low
level or zero-information situation. 
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A/ N displays transmitted the most information per unit time, and this feature ap
peued adequate for the usual situation. In emergencies this relationship did not hold. 
Perhaps the time of onset of abort was critical for A/N and AUD conditions but not for 
the FL display. Inspection of the PC velocities and locations at onset of abort gave no 
evidence for this view, but it should be throroughly tested in any future investigation of 
the abort situation. If such was not the case, why was the driver in greater danger dur
ing abort with the A/N display than with the other displays? 

Amount of information available presumably influences confidence in decision and 
also set toward response. The stronger the set toward a particular response, the more 
difficult it is to adapt to changing situations. The A/N display might give the driver 
too much information, making him less able to selectively adapt to a sudden emergency. 

In contrast, the FL displays provided color, a clear indicant of risk status, plus the 
intermittent signal itself that may have been a stimulus for maintaining high arousal 
state. The driver was neither dependent on displayed numerical values nor required 
to process them. Because of the more abstract level of coding in the FL display, the 
driver appeared to proceed with a healthy degree of doubt. In the event of abort he did 
not have a strong set to eliminate before taking evasive maneuvers; hence, he was more 
adaptable. 

Was time in seconds really a good and useful display? Drivers tended to prefer this 
mode, but it is doubtful whether alphameric time readout made any uniquely beneficial 
contribution to the driver's decision process. The passing driver is processing a con
siderable amount of information concerning his own car, other cars, and road geome
try. It would appear that his spare capacity for relating time messages to the outcomes 
of each of his sets of options is very limited. A more appropriate display would 
use a more abstract level of coding, such as color or word messages or both, to com
municate the system's prediction to the driver as rapidly and clearly as possible and 
to more directly relate to the outcome of the driver's decision to pass. 

CONCLUSIONS 

1. In the investigation of simulated sight-distance-limited passing aided by a time
available information system, data indicated that, of the 3 types of displays tested, ad
visory information presented by a flashing display was related to the greatest increase 
in traffic flow and to maximum degree of driver safety. 

2. An alphameric display, although serving adequately for normal passing, was as
sociated with a relatively high number of accidents during system-initiated abort, where 
oncoming traffic suddenly intruded into a previously announced safe-passing zone. Ap
parently, more than an optimal amount of information was being conveyed, making the 
driver less adaptive to a radically changed situation. 

3. The auditory display used did not communicate time gaps clearly and was inade
quate for marginal passing. 

4. A comparison of 4- versus 6-message systems indicated no difference in number 
of passes, safety margins, or accident rate. 

5. The study was designed not to test the validity of the PAS II concept but only to 
provide a comparison of 3 display techniques that were compatible with PAS II equip
ment. The specific simulation approach to passing behavior employed here resulted in 
apparently consistent and realistic data and should be used in the future to determine 
the increase in driver efficiency with a PAS II-type system over a no-display condition. 
A study to quantify more thoroughly the role of information on driver passing behavior 
is recommended. 
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