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INTRODUCTION

A basic requirement for the safe design of a highway is that drivers
have adequate sight distance for all situations. Where they do not, traffic
controls and devices can be used to compensate.

Sight distances at at-grade intersections are especially important
because of the potential hazard associated with conflicting vehicles. In A
Policy on Geometric Design of Highways and Streets, the American Association
of State Highway and Transportation Officials (AASHTO) relates intersection
sight distance to six cases: (1)

• Case I No intersection control, with sight distance allowed for
drivers to adjust speed.

• Case II YIELD control on minor road.

• Case III A STOP control; driver wi 11 cross intersection.

• Case III B STOP control; driver will turn left .

• Case III C STOP control; driver wi 11 turn right.

• Case IV Signal control.

For each of these cases, and all sight distance standards, there is a driver
perception-reaction process that is a component of the total sight distance
requirement. Perception-reaction, as used in highway and traffic engineer
ing design, is generally understood to mean the process beginning with the
detection of an object (e.g., vehicle or sign) or situation (e.g., intersec
tion) and culminating with a physical reaction by the driver. Elements of
the process have been identified as detection, recognition, decision-making,
and reaction.(2) Sight distance requirements generally include a minimum

perception-reaction time plus a vehicle maneuver time.

For Case I and for Cases III A, B, and C, 2.0 seconds is prescribed by
AASHTO as the appropriate perception-reaction time. For the Case III situa
tion, the AASHTO policy states that " ... a somewhat lower value might applyel
in urban or suburban areas. Values of 0.5 and 1.0 seconds are mentioned
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without specific guidance as to which is appropriate. The perception
reaction time is not specifically mentioned for Case II, but since stopping
sight distance to the intersection is the governing sight distance for this
case, the 2.5-second time specified for that sight distance presumably would
be appropriate for Case II. For Case IV, AASHTO states that Case III proce
dures apply and, therefore, the 2.0 seconds or IIsomewhat lower value ll is the
specification for perception-reaction time.(l) Another study, Highway
Design and Operations Standards Affected by Driver Characteristics, examined
the basis for the various perception-reaction times. Its findings, sup
ported by examination of historical policies and relevant literature,
revealed that the 2.0 seconds used for Cases I, III, and IV was an assumed
value, without supporting empirical studies.(3)

With regard to Case II, the relevant, design-related, perception
reaction value is that associated with stopping sight distance. A recent
study of stopping sight distance conducted for the National Cooperative
Highway Research Program included controlled field experimentation to iden
tify the perception-reaction time for stopping sight distance.(4) Its find
ings supported the currently used 2.5-second perception-reaction time speci
fication for stopping sight distance. While this 2.5-second value is
appropriate for the situation in which the driver must come to a stop due to
a conflicting vehicle, it may not be for those situations in which the dri
ver must perceive and evaluate the relative speed and location of a crossing
vehicle and decide on the proper course of action. Thus it was necessary to
determine the perception-reaction components associated with driver perform
ance prior to the driver1s arrival at the beginning of stopping sight dis
tance. In essence, then, the need for this research was based on the fact
that currently used values for perception-reaction time for intersection
sight distance are not solidly based on empirical studies and may be
inappropriate.

In recognition of the lack of empirical basis for perception-reaction

times, the objectives of this study were to:

2
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• Develop the driver-population distributions of perception-reaction time
applicable to the intersection sight distance cases.

• Identify and determine the effects of variables such as age, sex, sight
distance, etc., which influence driver perception-reaction time.

A key requirement of the study was that it be done in an operational
setting. Hence all reported data were collected on a circuit of roads that
included a variety of YIELD- and STOP-controlled intersections. The
research focused on intersection sight distance for Cases II and III A, B,
and C. Case I was not specifically studied because of the rare occurrence
of uncontrolled intersections and the inability to locate a driving circuit
which included all cases. Case IV was not specifically included because
AASHTO specifies that Case III procedures apply.

3



METHODOLOGY

All data were collected in the field using a representative sample of
subject drivers operating a vehicle instrumented to make the necessary mea
sures of perception-reaction time.

Under the guise of a cover story which focused attention on fuel con
sumption as a function of driving habits and travel patterns in rural areas,
subjects were instructed to drive normally and follow routing instructions
that would be delivered in a timely fashion throughout the experimental
session. The instructions read to each subject are shown in appendix A.
Familiarity with vehicle controls and handling was established as subjects
drove to the start of the circuit. An experimenter seated in the rear
accompanied subjects at all times.

Each subject drove under two experimental conditions: unalerted and
alerted. In the unalerted condition, subjects simply drove the circuit.
Following completion of the circuit, subjects were given a brief rest during
which their task in the alerted condition was described. The task was to
state when an intersection was sighted, or an intersection was inferred
because a vehicle on a crossing roadway was sighted. In the alerted condi
tion, subjects drove an abbreviated version of the original circuit.

For some subjects at Case II (YIELD on minor roadway) intersections, an
experimenter-controlled vehicle traveled the major roadway to create a
potential conflict with the instrumented vehicle and a resulting reaction by
the subject driver. The controlled crossing vehicle was used under both
unalerted and alerted conditions.

The 52 intersections included in the test circuit are detailed in table
1. All were included in the unalerted condition, while only those marked

with an asterisk were used in the alerted condition. The number of inter
sections used for the alerted condition was fewer because only at the Case
II intersections was alerting expected to be influential on the measures
used. Thus the alerted condition was designed to repeat all of the Case II

4



Table 1. Circuit and intersection characteristics.

--- l~rERSECTION --- roINTOF APPROAClf CROOS - SIGHT DIST1\OCES -
10 * 1URN CASE TiPE FIRST SPEED ROAD BEFmE AfTER

PERCEPI'ION SPEED LEFr RlGll' LEF1' RlGIT
1 R
2 T 3 4-wM 937 40 50 1701 1188 1701 1188
3 T 3 4-WAY 1063 45 55 636 1331 823 1450
4 * R 3 4-WAY 792 40 50 924 2231 924 3630
5 * R 3 4-wAY 2870 55 55 1573 806 1573 806
6 L
7 * T 2 4-wAY 2401 40 55 170 212 170 287
8 * R 3 T 2165 35 SO 410 915 817 926
9 R

10 L 3 T 1055 45 55 1853 2886 1925 3276
11 R 3 T 921 55 55 2019 1861 2019 1861
12 L 3 4-WAY 2422 55 45 1743 1538 2075 1538
13 R 3 T 1815 55 55 2000 2000 2000 2000
14 R
15 R 3 4-WAY 937 40 50 1701 1188 1701 1188
16 L 3 4-wAY 873 30 45 1586 3514 1586 3514
17 R
18 * R 2 4-WAY 2401 40 55 170 212 170 212
19 * R 3 T 921 55 55 2019 1861 2019 1861
20 * T 3 4-HAY 2422 55 45 1743 1538 2075 1538
21 R
22 L 3 4-WAY 1063 45 55 636 1331 823 1450
23 R 3 T 381 40 45 SOO 681 1227 850
24 R
25 * T 2 4-WAY 2620 55 50 434 1547 532 1547
26 * L 3 4-wAY 3050 35 55 779 1693 1350 1831
27 L
28 T 3 4-WAY 792 40 50 924 2231 924 3630
29 * R 3 4-wAY 3488 55 55 1152 2071 1432 2243
30 L
31 * L 2 4-WAY 1429 45 50 1328 426 1328 426
32 * R 3 4-wAY 2820 SO SO 1316 489 2081 602
33 R
34 L
35 * L 2 4-WAY 641 40 55 2221 0 5008 1224
36 * L 3 T U63 SO 55 299 2323 299 2577
37 L
38 * T 2 4-HAY 1429 45 50 1328 426 1328 426
39 * L 2 T 1846 40 45 76 53 76 53
40 R
41* T 2 4-wM 641 40 55 2221 0 5008 1224
42 * L 1 T 1034 40 55 1060 1218 1061 1193
43 * L 1 T 1121 55 55 527 146 579 228
44 R
45 * L 2 4-WAY 2620 55 50 434 1547 532 1547
46 T 3 4-WAY 2870 55 55· 1573 806 1573 806
47 R 3 4-wAY 3129 55 55 4136 3968 4912 3968
48 R
49 R 3 T 2910 40 55 1083 2454 1083 2454
50 R
51 T 3 4-WAY 3129 55 55 4136 3968 4912 3968
52 L 1 T 2250 SO 55 783 274 907 715

*Intersections used in the alerted condition.
Note: 1 ft = 0.305 m; 1 m/h = 1.61 km/h.
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In all, 125 subjects were recruited and screened to ensure possession
of a valid operator's license and the use of corrective lenses if required
by the license. Table 2 shows the resulting distribution of age by sex.

Test intersections were further classified as T or crossroad (4-way).
For each test intersection, a distance indicating the point of first percep
tion of the intersection is also provided. The measurement represents the
average distance upstream of the intersection where it first became visible
when approached by a sample of highway researchers over a number of trials.

intersections for which unalerted data were collected. Intersection Cases
I, II, and III are noted as 1, 2, and 3. The remaining intersections simply
provided continuity to the circuit as turning intersections, where subjects
had the right-of-way. Subject movements at each intersection are designated
in the "turn" column as left (L), right (R), and through (T).

Table 2. Subjects by age and sex.

Female Male Total

N % N % N %

5 (4.0) 8 (6.4) 13 (10.4)
3 (2.4) 5 (4.0) 8 (6.4)

14 (11.2) 15 (12.0) 29 (23.2)
14 (11.2) 11 (8.8) 25 (20.0)
12 (9.6) 15 (12.0) 27 (21.6)
7 (5.6) 16 (12.8) 23 (18.4)

55 (44.0) 70 (56.0) 125 (100)

6

Age

16 - 24
25 - 34
35 - 44
45 - 54
55 - 64
> 65

Total

The approach and crossroad speeds represent the respective posted speed
limits for the two roadways forming the intersection. Average running
speeds are presented where posted speeds were not available. Also presented
is sight distance available along each leg of the crossing roadway at the
intersection. The Case II sight distances were observed from stopping sight
distance on the approach roadway. The Case III sight distances were
observed from the stop position at the STOP sign. Since the circuit was
decidedly rural, the before-after categorization reflects changes in avail
able sight distance that resulted from the harvesting of crops during the
data collection period.



The instrumented vehicle, a 1982 midsize station wagon, was equipped
with an automatic transmission, power steering, power brakes, a microcom
puter, and a number of vehicle-performance sensors. The system continually
monitored brake, accelerator, and steering activity along with distance
travelled and time. Keyboard input on the same time and distance baseline
enabled an experimenter to record discrete events such as head movements,
presence of other traffic, arrival at specific reference points, etc. The
keyboard entries included:

• Start Data, to initiate data collection by causing the computer to sample
all sensors every second.

• Head Left; Head Right, to record each perceptible driver head movement
that occurred after passing the point of first perception of an intersec
tion.

• Vehicle Left; Vehicle Right, to record the presence of vehicles on the
crossing roadway, as detected by the experimenter.

• Vehicle Ahead, to record a vehicle ahead of the experimental vehicle on
the approach to an intersection.

• Comment, to record the point at which the subject announced the sighting
of the intersection during the alerted condition.

• CV Delay, to indicate occasions where already recorded crossing vehicles
apparently ceased to influence the subject driver because of turns,
stops, etc. When the controlled crossing vehicle was in use, this key
indicated delay in the controlled vehicle's arrival.

• CV Center, to indicate when each crossing vehicle had cleared the center
of the intersection.

• Route Flag, to indicate instances when the subject failed to turn in the
indicated direction.

• Recovery, to enable the otherwise automatic route to be dynamically re
defined. The key was used primarily during the alerted condition to skip
segments of the circuit, and under recorded "route flag" conditions to
reestablish the correct path.

• Other, to record any event which the experimenter felt could influence
the subject driver's behavior. Activation of this key was always accomp
anied by an explanatory log entry.

• End Data, to signal the end of sensor sampling. It was activated when
the subject vehicle had cleared the intersection or when any recorded
crossing vehicle cleared the intersection after the subject cleared it,
whichever occurred later.

7



The various perception-reaction times (PRT's) were derived from the
data files automatically, by differencing the times associated with two
events: reaction time minus perception time.

The raw data file was created sequentially and contained the automatic
and experimenter-coded data noted above. Each data point, automatic or
experimenter-coded, was stored with a time hit, which consisted of a count
of elapsed seconds. Automatic data were stored at I-second intervals, and
experimenter-coded data were stored when they were entered via the
keyboard.

Perception-reaction times were obtained in processing by scanning the
sequence of data points in the order they were stored (sequentially by time)
and locating the two points of interest. For Case II intersections, start
of the perception-reaction interval was the point of first possible
perception and, for the alerted condition, the point at which the subject
detected the intersection. Each of these points was stored as experimenter
coded data, along with a time hit. The end of the PRT interval was defined
as accelerator release, or brake application, whichever came first. This
could be found by examining the automatic data records and looking for a
"0" accelerator value, or a positive brake value. PRT was then calculated
as the difference between the time values stored with the two points.

For Case III intersections, the beginning of the PRT interval was
defined as either the point at which the vehicle came to a stop, or as some
particular head movement sequence, depending upon the PRT definition used.
Part of the automatic data was a distance value; when this value changed by
no more than 1 ft from one, I-second time interval to the next, the vehicle
was assumed to be stopped. Head movements were coded by the experimenter.
The end of the PRT interval was defined as either brake release or accelera
tor depression.

8
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UNCONTROLLED INTERSECTIONS--CASE I

Case I intersections were not included in the study because it was not
possible within the site-selection time frame to locate a driving circuit
which included enough Case I four-way intersections along with a sufficient
number of Case II and III intersections. The lack of four-way Case I inter
sections and the absence of a through-movement possibility led to the deci
sion to exclude Case I intersections entirely in order to include a larger
number of Cases II and III and, therefore, a wider range of geometries for
these cases. Part of the underlying rationale for totally eliminating Case
I was that the requirement to slow significantly to make the turn at a T
type Case I intersection available within the circuit would produce perform
ance that would be very similar to that for a Case II intersection, where
the existence of the YIELD sign dictates a reduction in speed.

9



YIELD CONTROL ON MINOR ROAD--CASE II

The second of the four cases of intersection sight distance described
in AASHTO·s A Policy of Geometric Design of Highways and Streets concerns
intersections where the minor roadway is controlled by a YIELD sign.
According to the Uniform Vehicle Code, the motorist must, in response to the
YIELD sign, slow down and, if required for safety (i.e., if a vehicle is
within or near the intersection), stop before entering the intersection.(2)
As specified by AASHTO:

The sight distance (i.e., approach sight triangle) for the
vehicle operator on the minor road must be sufficient to
allow the operator to observe a vehicle on the major road
way, approaching from either the left or right, and then
through perception, reaction and braking time, bring the
vehicle to a stop prior to reaching the intersecting road
way...(1)

In figure 1, with vehicle B on the minor street, there are two sight
distances of consequence. The first is the minimum stopping sight distance
for the motorist in vehicle B to see the YIELD sign or the intersection and
come to a complete stop if necessary. This would be distance db' which is
measured to the center of the far-side crossing lane. This stopping sight
distance is a basic requirement for all sections of a highway.

The second sight distance of consequence is the unobstructed sight line
to vehicle A, which is approaching the intersection on the major street from
the right of vehicle B. There is an equal sight triangle requirement to the
left. According to AASHTO policy, the legs of the right triangle, da and

db' are determined by the respective stopping sight distances on each
road, based on the design speed.(I)

Since two legs of the sight triangle are determined by stopping sight

distance, the perception-reaction time specification presumably should be
the same 2.5 seconds used in determining stopping sight distance along any
highway. However, an argument could be made that the perception-reaction
time should be longer because two vehicles approaching the same intersection
at right angles is a more complex situation.

10
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Figure 1. Case I and II no control and YIELD control on minor road
(after AASHTO).

AASHTO determines stopping sight distance along any highway to a 6-in
(15.2 cm) object in the roadway ahead, for which a stop may be required to
avoid collision. The motorist must detect and recognize the object, decide
on a course of action, and then react. For the purpose of highway design,
2.5 seconds is allowed for all these steps.(1)

A recent study by the University of Michigan's Transportation Research
Institute found the 95th percentile (for the test subjects) perception
reaction time for stopping sight distance to be 1.6 seconds. They concluded
that ". . . at least a 50 percent correction factor was appropriate to
allow for a driving population that includes persons who are relatively
fatigued, less attentive, or whose senses have been dulled by drugs of some
kind."(4) Since the corrected value of 2.4 seconds was so close to the
current 2.5-second specification, they recommended that the 2.5-second
standard be retained.
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On a YIELD-controlled approach, the perception-reaction process is more
complicated. After the driver has detected and recognized the intersection
and the YIELD sign, the driver must establish whether a vehicle is approach
ing from the side and, if so, whether it is close enough to require stopping
for. If the intersection has a wide sight triangle, the driver may be able
to detect approaching vehicles along the major road well in advance of stop
ping sight distance, or even before the intersection itself is seen. Never
theless, the perception-reaction process should certainly be longer than if
the object to be sighted were a stationary vehicle straight ahead. If the
2.5-second standard is appropriate for "straight-ahead" stopping sight dis
tance, then the standard for a Case II, YIELD-controlled intersection should
perhaps be longer.

Establishing perception-reaction time in a field situation is diffi
cult. This can be appreciated when one understands the perception-reaction
process. If for simplicity the perception-reaction and maneuver response to
a YIELD-controlled intersection were assumed to be sequential, they could be
depicted as shown in figure 2. Moving backwards or upstream from the inter
section, one sees that the driver requires braking distance, with actual
braking starting at time T3. This is preceded by a reaction period that
entails taking the foot off the accelerator and depressing the brake. Reac
tion starts at time T2 and ends at time T3. Reaction is preceded by a deci
sion period, starting at time Tl, and ending at time T2. If all these
activities are to be performed successfully, the driver must have been able
to recognize the situation (i.e., YIELD sign and presence of a vehicle on
the major roadway) by time Tl. The final component to Case II perception
reaction, TO' represents the point at which the intersection first becomes
visible.

One can determine times T4, T3, and T2 from the vehicle instrumentation
system. For the alerted subject driver, time Tl can also be established by
the experimenter's input representing subject's stated recognition of the
intersection. However, for the unalerted condition, the time between TO and
Tl is not known.
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- TO Point of first perception
of Intersection

- T1 Start of decision
(recognition of Yield sign
and detection of presence
of crossing vehicle)

- T2 Start of first reaction

- Ta Start of braking

YIELD Sign

'----6 - T4 Stop

I I
Figure 2. Perception-reaction process for Case II intersections.

Thus, it was necessary as part of the experimental protocol that a
point of first possible perception of each intersection be determined before
testing. The point was established by the research staff, who slowly
approached each intersection and fixed the point along the approach where
the intersection or controlling traffic sign was recognizable. For all
intersections, the distance from this point to the intersection was much
longer than stopping sight distance. Most distances were longer than 1,000
ft (305 m) and the shortest distance was about 620 ft (189 m), which is
nearly twice as long as the desirable stopping sight distance for the 40 m/h
(64 km/h) operating speed to that intersection. For this reason it was not
necessary for drivers to react quickly after detecting the intersection.
Thus the perception-reaction times as measured from point of first percep
tion (TO) to the point of first reaction tended to be long: on the order of
20 seconds.
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1. Case II Results

The Case II field data provide several types of information related to
the behavior of drivers upstream of the point at which stopping sight dis
tance begins. First, there are data as to the mean time of the first re
action relative to the point at which the intersection or YIELD sign can be
seen. Recall that subjects drove under both unalerted and alerted condi
tions, and that in the alerted condition provided information as to when
they first perceived an intersection or YIELD sign.

Data from the unalerted condition, then, provide an empirical indica
tion of the time drivers take to respond after the intersection becomes
visible. The alerted condition, on the other hand, provides data as to an
actual perception-reaction time. Since one cannot, in real-world situa
tions, predict where drivers will see an intersection, the data from the
unalerted condition are more useful for design purposes.

With regard to the first reaction, the critical factor is not the abso
lute time the driver takes to react after the intersection becomes visible,
but whether the first reaction takes place before the driver reaches
stopping sight distance: the point by which the safety-related decision as
to the need to stop must be made. It is reasonable to assume that the first
reaction, in this case the release of the accelerator or application of the
brake, indicates that the driver is aware of the intersection and is in the
process of monitoring the crossing roadway to determine whether a stop is

necessary.

2. Case II Alerting Effects

Alerted trials were conducted at intersections that had previously been
encountered on an unalerted trial. With regard to the effects of alerting,
two results can be noted: the mean difference between the time when an
intersection becomes visible (point of first perception) and when test sub
jects report seeing the intersection; and the influence of alerting on the
time of the first reaction to the intersection. The mean difference between
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the time an intersection became visually available and detection was

reported was 7.8 seconds for four-way intersections.

It should be noted that because of the possible (and likely) lag be

tween actual detection of an intersection and the verbal response, and an

additional (shorter) lag between the subject's verbal response and its entry

at the keyboard, the times recorded are slightly longer than actual percep
tion time. As it turned out, however, the times are of no real consequence

in terms of driver performance, in that the alerted and unalerted conditions
did not produce any substantive differences in the perception-reaction

interval. The interval for the unalerted condition was 22.1 seconds (N=600)

as compared to 21.1 seconds (N=464) for the alerted condition. Most inter

sections were detected after the point of first perception, yet this slight

lag did not result in later initial reactions on the part of the drivers.

3. Case II Approach Sight Distance Effects

The fact that alerting did not have a significant influence on the

initial reaction is understandable when one considers that, for intersec

tions with a reasonably long approach sight distance, there is no compelling

need to make an adjustment immediately upon detection of the intersection.

Drivers tend to tailor the response timing to the approach sight distance,

as shown in table 3, where the perception-reaction interval is presented for
each approach sight distance (from point of first perception [POFP] to

intersection). Because the Case I intersections on the circuit exhibited

characteristics which were desirable for purposes of demonstrating the ap
proach sight distance effects, the Case I intersections are included in

table 3. As shown, increases in approach sight distance produce increases

in the perception-reaction interval, at least through the 1,846-ft (563 m)

approach sight distance.
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Table 3. Perception-reaction interval as a function of
approach sight distance.

Section No. Intersection Type POFP to Intersection PRT (s)

35/41 4-Way 641 5.13

42 T 1034 11.26

43 T 1121 16.38

31/38 4-Way 1429 21.48

39 T 1846 33.66

52 T 2250 25.32

7/18 4-Way 2401 34.69

25/45 4-Way 2620 30.37

Note: 1 ft = .305 m.

The reversals in interval length for the longer approach sight dis
tances lie outside the critical limits for design recommendations and need
not be explained.

4. Case .!.! Age and Sex Effects

No significant sex differences were observed in comparing the interval
between visibility of the intersection and the first response. The mean re
sponse interval for males was 21.75 seconds, compared to 21.49 seconds on
the average for females; these data are based on sample sizes of 635 and
429 trials respectively. Because there was only one Case II T-intersection,
the data reported here are for four-way intersections only.

Similarly, age did not have a substantial effect on the perception
reaction interval. Table 4 shows for each age group the values obtained
(along with the sample size) in alerted, unalerted, and combined conditions.
Table 5, showing the same data with younger and older age groups collapsed,
indicates that there is no practical difference between the groups.
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Table 4. Case II perception-reaction intervals (seconds) by age group
for four-way intersections.

CONDITION

AGE GROUP UNALERT ALERT COMBINED

16-24 20.76 18.90 19.93
(86) (68) (154)

25-34 23.45 21.77 22.69
(53) (43) (96)

35-44 23.04 21.94 22.57
(211 ) (157) (368)

45-54 22.89 20.33 21.75
(166) (118) (284)

55-64 23.63 21.98 22.90
(195) (155) (350)

> 64 24.08 22.09 23.17
(154) (131 ) (285)

Table 5. Case II perception-reaction intervals (seconds) for younger
versus older drivers for four-way intersections.

CONDITION

AGE GROUP UNALERT ALERT COMBINED

Younger 22.54 21.14 21.93
16-44 (350) (268) (618)

Older 23.53 21.53 22.65
> 45 (515) (404) (919)
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5. Case II Perception-Reaction Time and Stopping Sight Distance

One critical safety-related factor associated with the initial response
of the driver is whether the response occurs before the point at which
stopping sight distance (SSD) begins. A response before reaching this point
indicates that the driver is probably aware that a speed adjustment may be
required. Given this presumed awareness, the driver can safely stop in the
event that a crossing vehicle makes it necessary. Table 6 shows the per
centage of drivers that exhibited the first reaction (accelerator release or
brake application) before SSD. The percentages shown are for alerted and
unalerted conditions, with and without crossing vehicles, along with the
combined conditions. The majority of the crossing vehicle trials were those
for which the crossing vehicle was controlled to meet the subject vehicle at
the intersection, i.e., to create a potential conflict requiring the subject
vehicle to stop.

Table 6. Percentage of drivers eXhibiting first reaction
before reaching stopping sight distance.

UNALERTED ALERTED COMBINED

REACT. REACT. REACT. REACT. REACT. REACT.
BEFORE AFTER BEFORE AFTER BEFORE AFTER

SSO SSO SSO SSO SSO SSO

N % N % N % N % N % N %

No Crossing
Vehicle 806 92 71 8 583 86 95 14 1389 89 166 11

Crossing
Vehicle 328 89 41 11 309 81 73 19 637 85 114 15

Combined 1134 91 112 9 892 84 168 16 2026 88 280 12

One can see that, overall, drivers exhibited the first reaction up
stream of SSO on 88 percent of the trials. With regard to the influence of
alerting on the response, a slightly higher percentage (91 percent)) reacted
before SSD on unalerted trials than on alerted (84 percent), a finding which
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is maintained when crossing-vehicle conditions are taken into account (i.e.,
higher percentages for unalerted trials still obtain). The highest percent
age of reactions before SSD (92 percent) occurs for unalerted trials with no
crossing vehicles present while the lowest percentage (81 percent) occurs
for alerted trials with crossing vehicles. It appears that the alerted

condition of the driver combined with the observation of a crossing vehicle
constitutes the highest level of certainty (the greatest amount of informa
tion) and conversely, that the unalerted condition and no observed crossing
vehicle constitutes the highest level of uncertainty. Thus, where there is
a higher level of uncertainty, the driver behaves more cautiousiy and reacts
earlier, i.e., modifies speed via accelerator release or brake application,
to provide a longer time frame in which to observe and decide whether a stop
or significant speed reduction is necessary. When a crossing vehicle is
observed under an alerted condition, the driver can decide with more confi
dence what is required and does not need additional decision time. The
initial response is therefore made later and is related primarily to the
dYnamic requirements for stopping or adjusting speed. This is to some

extent confirmed by the effect of controlled crossing vehicles on the ini
tial reaction for alerted trials.

6. Case II Controlled Crossing Vehicle Effects

Controlled crossing vehicle trials were designed to produce a potential
intersection conflict between the crossing vehicle and the subject vehicle.
Thus, the subject vehicle was virtually always required to stop. Table 7

shows the PRT's for alerted and unalerted trials under controlled-crossing
vehicle conditions versus no-crossing-vehicle conditions. Shorter PRT's,

i.e., the earlier first reactions, occurred under conditions with no cross
ing vehicle; further, the shortest PRT occurred for the unalerted condition.
Thus, it appears that drivers do indeed react more cautiously under more
uncertain conditions.
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Table 7. Effects of controlled crossing vehicles on perception
reaction time (first reaction).

UNALERTED ALERTED COMBINED

PRT PRT PRT
N (s) N (s) N (s)

No Cross. Vehicle 50 16.7 48 20.3 98 18.4

Crossing Vehicle 236 25.1 221 24.9 457 25.0

7. Case 1l Effects of Intersection Sight Distance Triangle

Another factor that can influence driver reaction is the sight distance
triangle (SOT). The shorter the SOT on either leg of the crossing roadway,
the less time the approaching driver has to look for crossing vehicles and
assess their speed, and the more uncertain the driver will be as to whether
a speed adjustment or stop will be necessary. The driver's decision behav
ior is also influenced by an intended turn at the intersection. For exam
ple, if the driver desires to make a right turn and the right leg of the
crossing roadway has short sight distance while the left leg is relatively
long, there may be little SOT influence evident, because the driver will not
be using the lane used by a driver approaching from the right. The PRT
associated with a left turn at the same intersection, on the other hand,
will be greatly influenced, because the driver will not only enter the far
lane, but must establish stream speed to avoid a potential rear-end
conflict.

To assess the effects of SOT and also account for the potential differ
ential influence of turn direction, each Case II intersection was character
ized as having safe or unsafe legs relative to left and right turns, and,
for four-way intersections, through movements. The classification scheme
was based on the existing AASHTO guidelines for establishing safe SOT 1 s.(1)
When the sight distance along the crossing roadway leg opposite the direc
tion of a turn was shorter than that required, the data were classified as
unsafe. Trials involving through movements were classified as unsafe if
either leg was shorter than required.
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Table 8 shows the PRT's observed for safe and unsafe trials under un
alerted, alerted, and combined conditions. This analysis was designed to
assess the influence of SOT safety on PRT's, and since the existence of
crossing vehicles has been shown to influence PRT, the results shown in the
table are based only on trials for which no crossing vehicles were present.
Thus, any PRT differentials are produced primarily by SOT. It should be
noted that the data shown in table 8 are for four-way intersections only.

Table 8. Effects of safe versus unsafe sight distance triangle on
perception-reaction time in seconds (four-way intersections).

SAFE UNSAFE

PRT PRT
Subject Condition N (s) N (s)

Unalerted 167 25.7 433 20.7

Alerted 112 26.4 352 19.4

Combined 279 26.0 785 20.1

As revealed in table 8, the existence of an unsafe (short sight dis
tance) leg on a four-way intersection does produce a slightly shorter mean
PRT, i.e., the drivers, on the average, exhibit the first reaction earlier.
This is further evidence that in the face of greater uncertainty drivers
react more prudently.
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STOP CONTROLLED INTERSECTIONS--CASE III

The AASHTO policy addresses sight distance requirements for three
subcases when the minor street is controlled by STOP sign. Case IlIA applies
when a driver will make a crossing maneuver; Case IIIB, when a driver will
make a left turn; and Case IIIC, when a driver will turn right.

For Case IlIA (crossing maneuver), AASHTO specifies that the driver on
the minor road must have sight distance from the stopped position sufficient
to travel across the intersecting roadway, even if a vehicle comes into view
as the driver begins the departure movements. AASHTO formulation for deter
mining the sight distance is SO = 1.47 V (J + t a), where:

• SO = sight distance along the major highway from the intersection, ft.

• V = design speed on the major highway, mi/h.

• J = sum of the perception time and the time required to actuate the
clutch or actuate an automatic shift, s.

• t a = time required to accelerate and traverse the distance, Om' to
clear the major highway pavement, s.

• Om = distance that the stopped vehicle must travel to clear the major
highway, ft, which equals Dp + W+ Lv.

• Dp = distance from near edge of pavement to front of stopped vehicle,
ft (Dp is usually assumed to be 10 ft [3.05 mJ).

• W = pavement width along intended path of stopped vehicle, ft.

• Lv = length of vehicle, ft.(I)

Cases IIIB and C entail similar formulations but account for the
turning maneuver as shown graphically in figures 3 and 4.

22



VELOCITY Of' IIEH Aa~-O IIEUXlTY Of' vEH. B8(J)- O.s.
\I£l.OCITY Of' IIEH. Aa.· ... VELDClTY Of' vEH. BalS. vw

VEHICL£ A ANI) B .. 19' IN LENGTH
l.£'J[L CONOlTIONS

Q

POSITION Of' VECHtQ.E B TRAVELING AT tXSIGN
SPEED AS VEHICL£ A STARTS HIS llEf'M'I'UM
MOVEWENT.
DISTANCE Tl'AVELED BY VEHICL£ B WHILE REDUCING
TO SPEED ... ANI) BY NOT ENCRQACHING Q.OSQ
THAH T.G. TO VEHlQ.£ A HAS REA01ED POINT S.

:'

T.G.: TAIL GAT! OlSTAHCE I!IET"JEEN vEHlQ.ES A AHO B AT
POINTS. ANI)~ AESP£l:TlvEL.Y.

S4I , SIGHT 0lSTANC£ REQUII'lED RJR vEHlO..£ A TO CS'MT
FAOM A STOP POSITION. COMPt.£TE A LEFT TURN ANI)
ACCELERATE TO SPEED va WfTHQUT lEI NG lltCEN
BY 1lEH1Cl.E B Tl'AVEUNG AT ClE3GN SPEED°Zir
IlEOUClNG TO SPUD va.

P 'OlS1lHCE T'MfEUl) BY IIEHlCL£ A at ~ TO 4D
o 'OlSTlNC% l'MIEL£D BY VEHICl.E B at<D TO lS
0-541""
S41- 0-11

II.

~. ,.,.- T.'-L

.."...'

L
,,' T.II.

~ POSmON Of' STOPf'EI) VEHICL£ A
~ ~ DISTANCE TRAVELEO BY vEHICLE A IN cowu:nNG

THE LEFT TURN. 11" RI2 - 44'
~ • DISTANCE TRAVELEO BY VEH. A IN ACCEL£ftATiNG

TO SPEED vo
VEHICLE •

Figure 3. Case IIIB schematic, where stopped vehicle turns left
onto two-lane major highway (after AASHTO).

12'

,
-----~-1~~-

Sci ' SIGHT DISTANCE FOR VEHIQ.E A TO DEPART FROM
STOP POSITION COMPLETE A RIGHT TURN AltO
ACCELERATE Tb SPEED VO WITHOUT BEING OYER·
TAI<£N BY vEHICL£ B lllAVEL.1 NG AT tXSIGN SPEED
AND REtU:lNG TO SPEED Vo.

P DISTAHC£ TRAVEL.ED BY VEHICL£ A FROM 1)TO<;l.
o DISTANCE TRAvELED BY 1lEH1CL£ B FROM CD TO $.
h. P-14:5-TG-L.
54' 0-11
n' p. 14:5
L.' L£NGTH Of' VEHICL£
TG' TAl L GATE QlST~ BETWEEN VEHICL£S A ANI) B

AT POI Nrs§) AltO~ RESPECTIvELY

". "·14."

V£HICU •
~ POSITION Of' STOPl'£D vEHlCL£ A.
~.~ OlSTAHCE TRAVELEO BY vEHI~ A IN COMPL£T1NG

THE RIGHT TURN. lr RI2. 39:5
~·S DISTANCE 'p' TRAVELED BY vEHICL£ A FROM STOP

POSITION AND ACCELERATING TO SPEED ....

VEHICLE •
(1) POSITION Of' VEHICL£ B TRAVELING AT DESIGN

SPEED AS VEHICL£ A STARTS THE O[Pll'ATURE
MOVEMENT

(1) .~ DISTANC£ '0' TRAVELED BY VEHICL£ B WHILE REDUCING
TO SPEED VO ANI) BY NOT ENCROiICHING a.OSER THAN
T~ OlSTANC£ TO vEHICL£ A~N VEHICL£ A
HAS REACHED POINT ;~

Figure 4. Case IIIC schematic, where stopped vehicle turns right
onto two-lane major highway (after AASHTO).

23



Concerning the perception-reaction time (J), AASHTO states:

The term J represents the time necessary for the vehicle's
operator to look in both directions of the roadway, to
perceive that there is sufficient time to cross the road
safely, and to shift gears, if necessary, preparatory to
starting. It is the time from the driver's first look for
possible oncoming traffic to the instant the car begins to
move. Some of these operations are done simultaneously by
many drivers, and some operations, such as shifting of
gears, may be done before looking up or down the road.
Even though most drivers may require only a fraction of a
second, a large value of J should be used in design to
represent the time taken by small percentage of slower
drivers. A value of 2.0 is assumed. In urban or suburban
areas where drivers generally use many intersections with
stop sign control, a somewhat lower value might apply.
Reducing J to 0.5 or 1.0 sec reduces the calculated sight
distance only about 15 percent.(l)

While this material on perception-reaction time is given only for Case
IlIA, it is assumed that the same value was used in the formulation of Cases
IIIB and C. During the perception-reaction process, then, the motorist
scans both directions for oncoming vehicles; establishes whether oncoming
vehicles are present and whether the time and distance gap is sufficient to
permit crossing safely; and reacts by initiating acceleration. As stated
above, the start point of the perception-reaction interval is the driver's
first look for possible oncoming traffic, and the end of the interval is the
application of the accelerator.

A wide range of monitoring strategies are employed by drivers, strate
gies selected in part to satisfy preferred driving style and in part dic
tated by the available sight distance triangle. For a large percentage of
trials at intersections with reasonable sight distance triangles, drivers

completed monitoring of the crossing roadway before coming to a stop.
Because of this, several different definitions of the perception-reaction
interval are reported. The longest interval reported begins with the stop
of the vehicle; it is referred to in subsequent discussions as perception
reaction time 1 (PRT-l). The shortest interval reported begins with the
last head movement opposite the direction of the turn (for turning trials)
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or the last head movement in the direction of the shortest sight-distance
leg (for through-movement trials), with the head movement counts beginning
after the vehicle has stopped. This definition, referred to as PRT-3, was
used because it represents the termination of monitoring activity (i.e.,

acquisition of information as to crossing vehicles) and is therefore the
best representation of decision time. The midrange interval is that stated
in AASHTO, in which the interval begins with the first head movement follow
ing the stop.(l) This is referred to as PRT-2. In all cases, the end of
the interval is the application of the accelerator to enter the intersec
tion.

1. Case III Results

Results are presented for each of the three PRT definitions described
above for both four-way and T-intersections. In all cases the mean PRT
value, X, is shown along with N, the number of trials on which the PRT value
is based. Unequal N's across definitions largely reflect a difference in
monitoring styles, i.e., the location and number of head movements. For

example, PRT-1, being based on a stop (independent of head movements),
always represents the largest number of trials; whereas PRT-3, involving
multiple head movements, is based on the fewest number of trials because
many subject drivers engaged in monitoring before the stop and did not

exhibit multiple head movements after the stop.

2. Case ..!..!.! Sex and Age Compar i sons

No practical differences, among all of the definitions of PRT, were
found between male and female for either intersection type. Table 9 shows
the mean values and standard deviations (SO) obtained and number of trials
for each definition and intersection type.

Neither were there any practical differences observed among age groups.
Table 10 shows the PRT values obtained for each definition of PRT and for
each intersection type. Table 11 presents the same data with older and

younger age groups collapsed. Note that the values in tables 9, 10, and 11
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are based on unalerted trials where there was no crossing vehicle coded dur

ing the trial. This is a data set which provides the "cleanest" PRT data
for use in establishing design guidelines, inasmuch as it is only intersec
tion sight distance which influences the PRT values obtained. It should be
noted that the inclusion of alerted trials in any of the data sets presented
above produces a slight but insignificant reduction of the PRT values.

Table 9. Case III perception-reaction time by sex (in seconds).

PRT-1 PRT-2 PRT-3
Sex

4-way T 4-Way T 4-Way T

N 959 457 444 198 290 147
-

Male X 2.41 3.01 1. 76 2.08 1.66 1.87
-
SD 5.57 6.11 1.63 1. 75 1.46 1.56

N 753 328 321 148 209 111
I--

Fema1e X 2.05 2.44 1. 79 1.69 1.61 1.55
I--

SD 4.71 4.88 1.63 1.24 1.42 1.10

3. Case III Overall PRT Distributions

The mean PRT values obtained for each type of intersection and for
intersection types combined, according to each of the three definitions, are
shown in table 12. Note that the PRT definition recognized by AASHTO (PRT
2) yields mean values for both types of intersections, as well as for inter
section types combined, below the 2.0-second PRT value currently in use.
Only the PRT-l definition, in which timing of the PRT interval begins with a
vehicle stop, yields values over the 2.0-second mean value. It is notable
that regardless of PRT definition, the mean values for four-way intersec
tions are shorter than for T-intersections.
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Table 10. Case III perception-reaction time by age groups (in seconds).

PRT-1 PRT-2 PRT-3
Age Group

4-way T 4-Way T 4-Way T

N 158 82 77 36 40 31
I---16-24 X 2.17 3.62 2.07 2.22 1.94 1.66
I--

SO 3.20 6.06 1.87 1.98 1.69 1.45

N 98 43 48 18 27 15
-

25-34 X 2.29 3.19 1.93 2.31 1. 76 2.40
I--

SO 3.94 8.24 1.66 2.07 1.66 2.16

N 412 185 204 86 98 61
-

35-44 X 1.96 2.66 1.59 1.85 1.42 1.84
-
SO 4.51 4.92 1.46 1.44 1.31 1.31

N 327 152 159 86 98 61
-- 1.96 1.85 1.42 1.8445-54 X 2.24 2.03
I--

SO 5.46 3.55 1.91 1.44 1.31 1.31

N 356 169 158 79 66 57
I--55-64 X 1.81 1.63 1.59 1.65 1.52 1.58
I--

SO 3.53 2.51 1.51 1.21 1.21 1.21

N 303 147 173 65 78 40
I-

> 64 X 2.04 3.02 1.48 1.95 1. 70 1.60
l-

SO 3.35 6.64 1.40 1.72 1.39 1.31
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Table 11. Case III perception-reaction time in seconds for younger
versus older drivers.

PRT-1 PRT-2 PRT-3
Age Group

4-way T 4-Way T 4-Way T

N 668 310 329 140 165 107
Younger I-

(16-44) X 2.06 2.99 1.75 2.00 1.60 1.86
l-

SO 4.15 5.78 1.60 1.68 1.48 1.49

N 986 468 465 212 217 149
Older -
(> 45) - 1.76 1.82 1.71 1.61X 2.02 2.19

-
SO 4.22 4.52 1.63 1.45 1.49 1.29

Table 12. Case III perception-reaction time--overall in seconds.

INTERSECTION TYPE

PRT Measure 4-way T Combined

N 1320 589 1909
I-

PRT-1 X 2.21 2.84 2.40
l-

SO 4.43 5.29 4.72

N 627 279 906
I-- 1.94 1.82PRT-2 X 1.77
l-

SO 1.65 1.62 1.64

N 411 209 620
-

PRT-3 X 1.60 1.76 1.65
-
SO 1.44 1.43 1.44
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The distributions of perception-reaction times for the three defini

tions of PRT for both four-way and T-intersections are shown in figures 5
through 10. The values associated with each of the figures are presented in
appendix B (tables 15 through 20).

Figure 5 shows the obtained distribution for the AASHTO PRT definition,

i.e., in which the PRT interval begins with the first head movement follow

ing the stop, for four-way intersections. Statistics of primary interest

include the mean PRT of 1.77 seconds as well as the 85th percentile value of
2.63 seconds. It is of significance that in addition to the 765 trials on

which the PRT mean values are based, there were an additional 945 trials

(including the alerted trials) for which the test subjects did not exhibit

any head movements following the stop. In other words, for 55.3 percent of
the total (N=1710) trials, the subjects had completed monitoring (percep
tion) before they came to a stop. Adding to this the 178 trials assigned a

O.S-second value (where the head movement occurred in the same half-second

interval as the application of the accelerator), we see that 65.7 percent of
the trials involved very little or no post-stop monitoring.

For the T-intersections, where the mean PRT was 1.94 seconds, the 85th
percentile value was 2.81 seconds as shown in figure 6. For T-intersec

tions, the percentage of trials on which no head movements occurred after
the stop was only slightly higher (55.7 percent) than it was for the four

way intersections. The mean PRT value for T and four-way intersections

combined was 1.82 seconds, with an 85th percentile value of 2.7 seconds.

The distributions for the other definitions of PRT are shown on figures 7
through 10.
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4. Case III Effects of Other Variables

By design there were several four-way intersections on the circuit
which the subject driver encountered twice. Where possible, repeat trials
at the same intersection were designed such that the driver was required to
make a through movement on one and a turning movement on the other. Table
13 shows the mean PRT values for turning versus through trials for the same
intersections. The first column refers to the intersection numbers identi
fied in table 1. PRT's for a through movement were, as expected, always
shorter than PRT's for a turning movement.

Table 13. Comparison of Case III mean PRT's in seconds for through
versus turing movements on four-way intersections.

Through Turn
Section ID (s) ( s)

2/15 1.22 2.02
3/22 1.30 1.34
4/28 1.18 2.27
5/46 1.28 2.00

12/20 1.81 2.52
47/51 1.11 2.52

Another factor which one might assume would influence PRT is sight
distance. However, examination of PRT's obtained at the various sight dis
tances indicated that this factor was not a significant determinant of PRT.
It should be pointed out that the circuit contained relatively few intersec
tions with very short sight distances.

A rare analytical opportunity was presented at five Case III intersec
tions on the circuit at which sight distance was increased during the con
duct of the study. These were intersections at which crops that created a
sight distance restriction at the beginning of the data collection were

subsequently harvested, causing an increase in sight distance. The Case III
PRT's for subjects run before as opposed to those run after the sight dis
tance changes are shown on table 14. Subject differences notwithstanding,
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this is perhaps the best indicator of the variable effects of sight distance
on PRT. The intersections in question are listed in ascending order from
the one with the shortest sight distance leg (whether left or right) to the
one with the longest. Note that intersection pairs 3 and 22 and 12 and 20
represent different turning movements at the same intersection. The results
indicate that intersections 3, 22, 29, and 20 showed a slight decrease in
mean PRT with increases in sight distance, while sections 32, 26, and 12
showed a slight increase. However, considering that the largest change
represents only a 0.58-second decrease for intersection 3, none of the
changes is of practical importance.

Table 14. Comparison of Case III PRT's in seconds for intersections
at which sight distance changed.

Sight Distance (ft)

Before After PRT (s)
Section Turn

10 Direction Left Right Left Right Before After

32 Right 1316 489 2081 602 2.27 2.61

3 Through 636 1331 823 1450 1.60 1.02

22 Left 636 1331 823 1450 1.50 1.00

26 Left 779 1693 1350 1831 1.85 1.92

29 Right 1152 2071 1432 2243 1.83 1.50

12 Left 1743 1538 2075 1538 2.33 2.64

20 Through 1743 1538 2075 1538 1.89 1. 74

Note: 1 ft = 0.305 m.
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CONCLUSIONS AND RECOMMENDATIONS

This research obtained, in a fully operational setting, perception

reaction time (PRT) data to assess the adequacy of the existing PRT specifi
cations used for intersection sight distance. The study design and selec

tion of the subject driver sample also provided more general data on the
influence of variables such as age and sex on PRT, and the influence of

alerting on intersection driving behavior. A summary of the major findings

is as follows:

• PRT did not vary significantly with age or sex.

• For Case II (YIELD-controlled) intersections, the initial preparatory
response occurred at a point prior to stopping sight distance in nearly
90 percent of the trials. This led to the conclusion that the existing
PRT design values for Case II intersections are adequate and should be
retained.

• For Case III (STOP-controlled) intersections the overall mean PRT using
the AASHTO definition was 1.82 seconds and the 85th percentile time was
found to be approximately 2.7 seconds. For four-way intersections, the
mean was 1.77 seconds, with an 85th percentile value of 2.63 seconds.
For T intersections, the mean was 1.94 seconds, with an 85th percentile
value of 2.81 seconds. A slightly longer time was observed for turning
movements than for through movements. This led to the recommendation
that the current specification of 2.0 seconds be retained for Case IlIA,
but that the value for Case IIIB and C be increased to 2.5 seconds.

The sections below discuss the more general results first, with the
more specific overall PRT data for Cases II and III following.

1. General

Neither age nor sex was found to have any practical influence on the

PRT's measured. On the basis of the literature on the elderly driver, long

er PRT's were expected for the group of drivers aged 65 and over. However,

the data did not support this expectation. There was no evidence to support
the contention that elderly drivers require increased sight distance to

compensate for degraded, driving-related skills. This finding, however,
should not be generalized to other driving situations. The detection and

recognition of an intersection or a crossing vehicle, the primary visual
task for this study, does not require the critical visual skills which are

known to be degraded in the elderly.
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The alerted trials for Case II provided the data to determine the
interval between the time the intersection became visible and its detection
by subject drivers. The mean time for this interval was 7.87 seconds for
four-way intersections. However, because of the likely delay in detection
reporting by the subject and the additional (smaller) delay in coding of the
detection response by the experimenter, the true values are most likely
slightly lower. The important fact is that the alerting of the drivers
produced no practical change in the location of the initial driver response.

The intersection characteristics of potential importance with regard to
PRT and intersection driving behavior are sight distance along the crossing
roadway and, particularly for Case II intersections, the approach sight dis
tance. While the research provided some suggestions that both of these
factors might be influential, the range of sight distance characteristics on
the driving circuit was not represented in enough incremental differences to
make an adequate assessment of the extent of the influence.

2. Case II

The most relevant PRT measure related to the intersection sight tri
angle is that associated with stopping sight distance; a measure which has
been shown, in a recent research study by Olson, to be adequate as currently
specified.(4} The Case II PRT's in the current study represent the interval
from the time at which an intersection first becomes visible to the time at
which the first reaction occurs. The observed times, in excess of 20 sec
onds on the average, merely reflect that the subjects had long sight dis
tances to the intersections and did not respond until they felt it was
necessary. The relevance of the initial response (the release of the accel
erator or the application of the brake) is that it is a preparatory response
and an indication that the driver is aware that an adjustment, in the form
of a deceleration or stop, may be necessary. To the extent that this pre
paratory response is made before the driver reaches the point which begins
stopping sight distance, there is adequate time to stop, if required, to
accommodate a crossing vehicle.

36



In nearly 90 percent of cases, this preparatory response occurred
before stopping sight distance was reached. The results do not allow for

rejection of the current specification of 2.5 seconds for computing stopping
sight distance. Also, the results do not provide quantitative support for

the contention that Case II requires a PRT in excess of 2.5 seconds because
of decision complexity. The existing PRT design values for Case II inter

sections are judged to be adequate.

3. Case III

The PRT associated with STOP-controlled (Case III) intersections in
current AASHTO guidelines is the interval from the first head movement fol

lowing the stop to the application of the accelerator for the intersection

entry maneuver. On slightly over 55 percent of the trials, the subject

drivers did not provide a PRT value accommodated by the above definition.
That is, the monitoring of the crossing roadway was completed before the

stop and no discernible head movement was exhibited after the stop. This

sort of behavior is, at least in part, related to the fact that the test

circuit was in a rural environment and included a number of low-volume
crossing roadways. To provide a conservative PRT value, the 0-va1ue trials

were excluded from the calculations. It was felt that at higher-volume
major streets, for example, a greater percentage of drivers would exhibit

some post-stop monitoring behavior and that the use of only the trials where

such behavior was exhibited would provide the most realistic representation

of Case III PRT.

For the PRT definition most closely identified with the AASHTO descrip

tion, i.e., the PRT interval beginning with the first head movement follow

ing the stop, the mean PRT is 1.82 seconds and the 85th percentile is

approximately 2.7 seconds. However, when these values are divided into

situations where the driver continued through the intersections versus made

a turning movement, the PRT values are slightly lower for the through move

ment than for the turning movement, with all but one of the differences

being between 0.7 and 1.4 seconds. There also appears to be an "available

sight distance" influence which, due to insufficient sample size, is not
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conclusively established. The finding regarding through versus turning
movements suggests that consideration be given to specifying two perception
reaction times for Case III. One would be for Case IIIA t with the current
value of 2.0 seconds being an adequate and reasonably conservative value.
The other would apply to Case 1118 and IIIC t with a value of 2.5 seconds
being more appropriate.

The additional distances that would be required for these two cases to
accommodate 0.5 seconds more perception-reaction time would be a function of
speed. The distances would range from 18.4 to 47.8 ft (5.6 to 14.6 m) for
speeds of 25 to 65 m/h (40.3 to 104.7 km/h)t respectively. These increases
are only 6 and 3 percent over the current AASHTO distance standards.(l) The
current lengths for Cases 1118 and C or the new lengths that would result
from an additional 0.5 seconds are both considerably longer than stopping
sight distance.

Regarding the practicality of the sight distances it will be noted that
the research was limited to the perception-reaction component and did not
evaluate all of the components that comprise intersection sight distance.
Therefore t we have no empirical basis to make a recommendation on the prac
ticality of these distances. It is noted that above the 45-m/h (72.5 km/h)
design t the required sight distances for Cases 1118 and IIIe become very
long. This has more to do with assumptions about acceleration of the turn
ing vehicle and the overtaking characteristics of the main-street vehicle
than it does with the perception-reaction component. These standard dis
tances should be judged against typical t critical-gap-acceptance data to
determine their practicality.
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APPENDIX A: Subject Instructions

The study in which you are about to participate is being conducted for the
Federal Highway Administration, U. S. Department of Transportation. It is
designed to tell us something about the effects of different driving habits,
driving patterns, etc., during route following on the efficiency of fuel
consumption on rural two-lane roadways.

The manner in which starting and stopping, steering, and accelerating and
decelerating take place determines the fuel use efficiency for any given
vehicle.

This vehicle is instrumented to enable the on-board computer and a variety
of sensors to automatically monitor vehicle performance characteristics and
to relate these to fuel consumption. Over many drivers, then, we will be-
able to develop typical driving behavior patterns and fuel efficiency curves
related to those patterns. This information will be extremely useful to
designers of both vehicles and roadways.

As a test driver your task is to drive in your normal fashion and obey all
traffic laws. You will be directed to the beginning of the test route you
are to drive and will be told which direction to go at each intersection.
Directions to turn left or right or go straight at each intersection will be
given to you as you approach the intersection. Some intersections will be
controlled with a STOP sign, some with a YIELD sign, and a few will not have
any control.

During the course of the test driving session you may hear various sounds
from the computer. Do not be concerned with any of them! They indicate
that the computer is either sampling certain sensors or that data is being
transferred from the computer to the devices used to store the data. Unless
you have questions regarding what you are supposed to do, please keep
conversation to a minimum. We would like your full concentration on the
driving task. We will answer any questions you have about the study after
you have completed your run.

Do you have any questions?

Figure 11. Test driver instructions.
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APPENDIX B: Perception-Reaction Times Associated with the Three PRT
Definitions1

Table 15. PRT distributions--Case III four-way (PRT-2).

Time (s) Frequency Cum. Frequency Percent Cum. Percent

0.5 178 178 23.27 23.27

1 280 458 36.60 59.87

2 155 613 20.26 80.13

3 59 672 7.71 87.84

4 40 712 5.23 93.07

5 22 734 2.88 95.95

6 8 742 1.05 96.99

7 8 750 1.05 98.04

8 10 760 1.31 99.35

9 3 763 0.39 99.74

10 2 765 0.26 100.00

1The 0.5-second value shown in each of the tables was assigned to those
intersection trials where the event starting the timing of the PRT interval,
e.g., first head movement, occurred in the same sampling interval as the
application of the accelerator.
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Table 16. PRT distributions--Case lIlT (PRT-2).

Time (s) Frequency Cum. Frequency Percent Cum. Percent

0.5 65 65 18.79 18.79

1 111 176 32.08 50.87

2 89 265 25.72 76.59

3 36 301 10.40 86.99

4 22 323 6.36 93.35

5 9 332 2.60 95.95

6 6 338 1.73 97.69

7 5 343 1.45 99.13

9 2 345 0.58 99.71

10 1 346 0.29 100.00
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Table 17. PRT distributions--Case III four-way (PRT-3).

Time (s) Frequency Cum. Frequency Percent Cum. Percent

0.5 134 134 26.85 26.85

1 180 314 36.07 62.93

2 95 409 19.04 81.96

3 33 442 6.61 88.58

4 29 471 5.81 94.39

5 15 486 3.01 97.39

6 5 491 1.00 98.40

7 3 494 0.60 99.00

8 5 499 1.00 100.00

Table 18. PRT distributions--Case lIlT (PRT-3).

Time (s) Frequency Cum. Frequency Percent Cum. Percent

0.5 53 53 20.54 20.54

1 92 145 35.66 56.20

2 63 208 24.42 80.62

3 23 231 8.91 89.53

4 13 244 5.04 94.57

5 6 250 2.33 96.90

6 6 256 2.33 99.22

7 1 257 0.39 99.61

9 1 258 0.39 100.00
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Table 19. PRT distributions--Case III four-way (PRT-1).

Time (s) Frequency Cum. Frequency Percent Cum. Percent

0.5 435 435 25.60 25.60

1 581 1016 34.20 59.80

2 319 1335 18.78 78.58

3 152 1487 8.95 87.52

4 71 1558 4.18 91.70

5 57 1615 3.35 95.06

6 20 1635 1.18 96.23

7 14 1649 0.82 97.06

8 12 1661 0.71 97.76

9 7 1668 0.41 98.16

10 3 1671 0.18 98.35

12 1 1672 0.06 98.41

13 4 1676 0.24 98.65

14 1 1677 0.06 98.71

15 1 1678 0.06 98.76

16 1 1679 0.06 98.82

18 1 1680 0.06 98.88

19 1 1681 0.06 98.94

20 1 1682 0.06 99.00

21 2 1684 0.12 99.12

22 1 1685 0.06 99.18

25 1 1686 0.06 99.23

27 1 1687 0.06 99.29

29 2 1689 0.12 99.41

30 10 1699 0.59 100.00
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Table 20. PRT distributions--Case lIlT {PRT-l}.

Time {s} Frequency Cum. Frequency Percent Cum. Percent

0.5 147 147 18.89 18.89

1 263 410 33.80 52.70

2 165 575 21.21 73.91

3 83 658 10.67 84.58

4 44 702 5.66 90.23

5 29 731 3.73 93.96

6 10 741 1.29 95.24

7 4 745 0.51 95.76

8 3 748 0.39 96.14

9 3 751 0.39 96.53

10 2 753 0.26 96.79

12 1 754 0.13 96.92

13 1 755 0.13 97.04

17 2 757 0.26 97.30

18 1 758 0.13 97.43

19 1 759 0.13 97.56

20 2 761 0.26 97.81

21 1 762 0.13 97.94

22 2 764 0.26 98.20

25 1 765 0.13 98.33

26 2 767 0.26 98.59

27 1 768 0.13 98.71

28 2 770 0.26 98.97

30 8 780 1.03 100.00
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