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tiple detectors did not significantly reduce acci
dent rates at intersections that have approach 
speeds less than 50 mph. A test installation of the 
EC-DC design in the Atlanta area has a median ap
proach speed of 48 mph. The EC-DC scheme was found 
to reduce abrupt stops from 5 to none over the ob
servation period (_§_). "Brake before clearing" 
maneuvers were reduced from 8 to none. Total con
flicts were reduced 69 percent from 29 to 9. Over
all, the authors rated the design superior to either 
the density scheme or the extended-call detector 
system. These observed reductions in erratic maneu
vers suggest the potential for a reduction in acci
dents. 

Zegeer (1) gathered accident data in addition to 
conflict rates. He found that his green-extension 
systems brought about a 54 percent reduction in 
total accidents, and rear-end collisions were re
duced by 75 percent. At least two of the three 
locations studied appear to have average speeds of 
only 45 mph. 

The authors found that the Beirele, Winston
Salem, and SSITE detector placement methods produced 
about the same delay in their computer simulations. 
This is an unexpected finding, as the allowable gaps 
vary over a wide range (4-7 s) and it is well es
tablished (16,17) that delay is sensitive to the 
allowable gap. - Morris and Pak-Poy (16) found by 
computer simulation that delay can increase by as 
much as 45-105 percent if the allowable gap is in
creased from 4 to 7 s. Similarly, Tarnoff and 
Parsonson (!l, p. 14) found by computer simulation 
that delay can increase by as much as 50 to 70 per
cent if the allowable gap is increased from 4 to 7 s. 

Possibly the authors used a low setting of the 
maximum interval, thereby causing the green to 
change to yellow before gap-out could take place. 

It is worth emphasizing that a long allowable gap 
is objectionable not primarily because of delay but 
because only moderate volumes can extend the green 
to the maximum interval. In that case, a vehicle 
may well be caught in the zone of indecision. A 
computer simulation could be very helpful in the 
preparation of guidelines for the maximum volumes 
that can be tolerated by designs of various allow
able gaps. 
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Driver Use of All-Red Signal Interval 

TIMOTHY A. RYAN AND CHRISTIAN F. DAVIS 

The purpose of this study was to investigate the theory that drivers use the 
red signal interval more frequently at intersections that have all-red intervals 
(i.e., all approaches to an intersection have a red indication) than at inter
sections that do not have all-red intervals. Data were collected at 10 inter
sections in four New England cities, during both peak and off-peak periods. 

Some 2764 signal cycles were observed, during which 1115 vehicles entered 
the intersection after the start of the red interval. The data were subjected to 
statistical analyses that yielded the following conclusions: (al more drivers ran 
the red light at intersections that had all-red intervals than at intersections that 
had no all-red intervals; (b) the length of the all-red interval appeared to be cor-
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related with driver use of the red interval (there were, however, four other pre
dictor variables, each of which was more closely correlated with driver use of 
the red interval than was the length of the all-red interval); and (c) apparently 
drivers did not run the red light longer after the start of the red interval at in
tersections that had all-red intervals than at intersections that had no all-red 
intervals. The results of this study must be viewed with caution because the 
number of observed locations was relatively small, and some factors that in
fluence driver use of the red interval may not have been studied during this 
project. However, the results indicate that a problem may exist and that more 
research should be done in this area. 

The purpose of this study was to investigate driver 
use of the red signal interval, especially the 
all-red signal interval. An all-red signal interval 
is a period of time during a signal cycle during 
which all approaches to an intersection have a red 
indication, and all pedestrian signals show a steady 
DON'T WALK indication. All-red intervals (ARis) 
have been in use for at least 20 years, and quite 
possibly longer. However, no uniform criteria may 
be applied in the decision to use or not to use an 
ARI in a particular situation. The Manual on Uni
form Traffic Control Devices for Streets and High
ways (MUTCD) (J) states, "The yellow vehicle change 
interval may be followed by a short all-way red 
clearance interval, of sufficient duration to permit 
the intersection to clear before cross traffic is 
released." 

In addition, the Institute of Traffic Engineers' 
Transportation and Traffic Engineering Handbook (_?_) 
states, "When y2 (the nondilemma yellow interval) 
exceeds the value selected for the yellow interval 
and when hazardous conflict is likely, an all-red 
clearance interval could be used for 2-3 s between 
the yellow interval and the start of green for 
opposing traffic." . 

Thus, an ARI is called for in a situation when 
more clearance time is needed but when it is not 
desirable to extend the amber interval. 

Many drivers use the first few seconds of the red 
interval as an extension of the amber interval. The 
presence of an ARI might serve to encourage such 
behavior. Little information on this topic is 
available in the literature. Thus, research was 
undertaken to determine whether or not more drivers 
ran the red light at intersections that had ARIS 
than at intersections that had no ARis. 

Specifically, this research was directed toward 
answering three questions: 

l. Do more drivers run the red light at intersec
tions that have ARis than at intersections that have 
no ARis? 

2. Is the length of the ARI correlated with 
driver use of the red interval? and 

3. Do drivers run the red light longer after the 
start of the red interval at intersections that have 
ARis than at intersections that have no ARis? 

FIELD METHODOLOGY 

Decision Zone 

When a vehicle approaches an intersection and the 
signal indication changes from green to amber, the 
vehicle must be in one of the following positions: 

l. The vehicle is so close to the intersection 
that it is virtually impossible to stop before 
entering the intersection, 

2. The vehicle is so far away from the intersec
tion that it is impossible to enter the intersection 
until long after the start of the red interval, or 

3. The vehicle is somewhere in between the two 
positions described above. 
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A vehicle in this in-between zone when the signal 
turns amber is said to be in the decision zone. The 
driver of the vehicle is forced to make a decision 
between stopping before entering the intersection or 
continuing through the intersection. 

In order for a vehicle to stop safely before 
entering the intersection, it must be far enough 
upscream ~o allow the c.irive1 Lu L~c:t....:i... 

light and decelerate safely to a stop. 
Gazis, Herman, and Maradudin (}.l, 
distance is given by 

. - .. - -··----
LU Lllt::: a111uc:.1. 

As shown by 
this minimum 

where 

xc minimum distance from the front of the 
vehicle to the stop line when the amber 
interval starts, 

v0 initial velocity of the vehicle, 
t 2 perception-reaction time of the driver for 

braking, and 
dm maximum deceleration rate. 

(!) 

Thus, for a given approach speed, the downstream 
boundary of the decision zone is defined by Equation 
1 and may be found by using appropriate values for 
t2 and dm. By using the mean value of t2 
found by Gazis, Herman, and Maradudin (l) and an 
assumed maximum deceleration of 16 ft/s 2 , Equation 
1 reduces to 

(2) 

where xd is the distance upstream from the inter
section line (the curb line extended) at which the 
downstream boundary of the decision zone is located 
(ft) and v0 is measured in feet per second. 

The upstream boundary of the decision zone is 
given by 

where 

xu distance upstream from the intersection 
line at which the upstream boundary of the 
decision zone is located, 

(3) 

tm longest time after the start of the amber 
interval that a driver will enter the inter
section, and 

a= acceleration rate. 

The longest amber interval at the observed intersec
tions was 3.5 s, and 99 percent of the drivers who 
ran the red light entered the intersection 5.0 s or 
less after the start of the red interval. Thus, a 
reasonable value of tm for these 
we assume a maximum value for 
Equation 3 reduces to 

Xu = 8.Sv0 + 184.9 

data is 8.5 s If 
a of 5.0 ft/s 2 , 

(4) 

where Xu is measured in feet and v0 is measured 
in feet per second. Thus, if a vehicle is located x 
ft upstream of the intersection line when the signal 
changes to amber and xd < x < Xu• the vehi
cle is in the decision zone. 

As the foregoing discussion indicates, the size 
and location of the decision zone for an individual 
vehicle are primarily a function of the approach 
velocity. Note, however, that tm and dm vary 
from driver to driver, and probably vary for an 
individual driver, depending on mood, influence of 
drugs or alcohol, or similar human factors. There
fore, the size and location of the decision zone 
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will also be affected by individual driver charac
teristics. 

Only one observer studied the intersections; 
therefore, it was not possible to observe the speeds 
of the individual vehicles and determine if they 
were in the decision zone when the signal turned 
amber. Instead, the observer was required to make a 
subjective judgment as to whether or not any vehi
cles were in the decision zone when the signal 
changed to amber. 

Signal cycles during which at least one vehicle 
was in the decision zone when the signal turned 
amber were regarded as decision cycles. Signal 
cycles during which no vehicles were in the decision 
zone when the signal turned amber were regarded as 
nondecision cycles. Whenever there was any doubt as 
to whether a cycle was a decision cycle or a nonde
cision cycle, the cycle was regarded as being a 
decision cycle. 

Data Collection 

Each of the intersections chosen for this study was 
a four-legged, signal-controlled intersection in an 
urban area. At each intersection, each approach was 
perpendicular to the adjacent approaches or as close 
to perpendicular as possible. Nine of the 10 inter
sections were located in the central business dis
trict (CBD) of the city, and the 10th was in an 
urbanized section of the city a short distance from 
the CBD. Four of the intersections had ARis; six 
did not. 

At nine of the 10 intersections, data were col
lected on two days. At the 10th intersection data 
were collected on only one day. Each day, both the 
afternoon off-peak and the evening peak periods were 
observed. Afternoon off-peak data were collected 
between 12:30 and 3:00 p.m. The evening peak data 
were collected between 3:45 and 5:45 p.m. The obser
vation periods were either l. 5- or 2-h long. Thus, 
each of the intersections observed on two days was 
observed for a minimum of 6 hand a maximum of 8 h, 
All data were collected on Monday, Tuesday, Wednes
day, or Thursday. 

At each intersection, the observer recorded the 
volume on the approach under consideration. The 
observer also recorded the direction taken by each 
of the vehicles as it left the intersection. 

When the signal indication turned from amber to 
red for the approach under consideration, the ob
server started two hand-held stopwatches. If a 
vehicle crossed the intersection line (curb line 
extended) after the start of the red interval, one 
of the stopwatches was stopped when the vehicle's 
frontmost axle crossed the intersection line. If a 
second vehicle ran the red light, the second stop
watch was stopped by using the same er i ter ion. The 
direction taken by each runner as he or she left the 
intersection was also recorded. 

Note that the intersection line, rather than the 
stop line, was used as a reference line. This was 
done in order to maintain a constant reference line 
at all of the intersections. The distance from the 
stop line to the intersection line varied from O ft 
at one intersection to 40 ft at another, and drivers 
frequently stopped in the region between the two 
lines. Thus, many vehicles crossed the stop line 
after the start of the red interval but did not go 
through the intersection until the following green 
interval. However, virtually every time a vehicle 
crossed the intersection line during the red inter
val, it continued through the intersection. Thus, 
the intersection line was a better reference line. 

Every 30 min the volume on the approach during 
the preceding 30 min was recorded, and the time was 
marked on the data-collection sheets. This made it 
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possible to analyze all of the data in half-hour 
intervals, Table l shows the number of half-hour 
intervals observed and the number of runners ob
served at each intersection. 

DATA ANALYSIS 

All observed signal cycles were divided into two 
groups: decision cycles and nondecision cycles. A 
decision cycle is a signal cycle during which at 
least one vehicle is in the decision zone at the 
start of the amber interval. A nondecision cycle is 
a signal cycle during which no vehicles are in the 
decision zone at the start of the amber interval. 
During a nondecision cycle no driver has a chance to 
decide whether to stop or to continue through the 
intersection when the signal turns amber. Thus, a 
nondecision cycle is useless in an examination of 
how often drivers decide to use the red interval. 
For this reason, the nondecision cycles were elimi
nated from the data base before any analysis was 
performed. 

In order to compare driver use of the red inter
val at the various intersections, the following 
equation was used: 

P, = (C,/Cd) x 100 (5) 

where 

Pr percentage of decision cycles during which 
at least one vehicle crossed the intersection 
line after the start of the red interval, 

Cr number of cycles during which at least 
one vehicle crossed the intersection line 
after the start of the red interval, and 

Ca= number of decision cycles. 

The values of Ca, Cr, and Pr for each inter
section may be found in Table 2. 

t-Test: Pr at Intersections That Have ARis Versus 

Pr at Intersections That Do Not Have ARis 

The concept that the presence of an ARI is corre
lated with increased driver use of the red interval 
was tested. The observed Pr values, in 30-min 
intervals, were divided into two groups. The first 
group was comprised of the observations made at 
intersections that had ARis, and the second group 
was comprised of the observations made at intersec
tions that had no ARis. The mean Pr values of the 
two groups were then compared by means of the t-test. 

The variances of the two samples are signifi
cantly different at ex = 0.01, so it was necessary 
to use the modified t-test. The results of the 
modified test, given in the table below, reveal that 
the difference is significant at ex = 0.01 between 
the two groups. Thus, the presence of an ARI is 
correlated with increased driver use of the red 
interval. 

No. of 
Half-Hour Mean 

Intersections Intervals Pr SD 

Have ARis 47 37.2 22.53 
Do not have ARis 84 27.6 13. 76 

Regression Analysis 

A regression analysis was performed to determine the 
factors that are important in driver use of the red 
interval. Only geometric features of the intersec
tions and traffic control factors were considered; 
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Table 1. Intersections observed and data collected. 

No. of Half-Hour Intervals 
Observed 

No. of 
City Intersection Approach Off-Peak Peak Total Runners 

Hartford, CT Farmington-Sigourney Farmington eastbound 8 8 16 122 
Main-Gold Main northbound" 8 7 15 94 
Ann-Asylum Asylum westbound" 4 4 8 74 

New Haven, CT College-Elm Elm eastbound 7 8 15 149 
Church-George George eastbound" 6 6 12 53 
Church-Elm Elm eastbound 8 6 14 128 
Chapel-Church Church northbound" 6 6 12 216 

Providence, RI Dorrance-Weybosset Weybosset eastbound 6 6 12 87 
Empire-Washington Washington westbound 6 6 12 118 

Worcester, MA Main-Pearl-Mechanic Main sou th bound 8 7 15 74 
Total 67 64 131 Till 
8 Approach has ARI. 

Table 2. Driver use of the red interval. 

No. or Decision No. of Cycles Percentage of 
City Intersection Approach Cycles, Cd Run,Cr Decision Cycles, P, 

Hartford, CT Farmington-Sigourney Farmington eastbound 330 
Main-Gold Main northbound" 181 
Ann-Asylum Asylum westbound" 147 

New Haven, CT College-Elm Elm eastbound 289 
Church-George George eastbound" 210 
Church-Elm Elm eastbound 255 
Chapel-Church Church northbound" 246 

Providence, RI Dorrance-Wey basset Weybosset eastbound 368 
Empire-Washington Washington westbound 413 

Worcester, MA Main-Pearl-Mechanic Main southbound 325 
Total 2764 

a Approach has ARI. 

factors that vary from vehicle to vehicle, such as 
vehicle speed, number of occupants, and sex of the 
driver were not considered, 

A priori, seven variables were selected that 
could have some significant effect on driver use of 
the red interval: 

1. Length of the ARI, 
2. Volume on the approach under consideration, 
3. Width of the approach under consideration, 
4. Width of the crossing roadway, 
5. Volume-to-capacity ratio for the approach 

under consideration, 
6. Percentage of signals in that particular city 

that have an ARI, and 
7. Distance from the stop line to the intersec

tion line. 

In order to determine the correlation between 
each of the predictor variables and Pr, and also 
to determine the correlations among the supposedly 
independent predictor variables, a correlation 
matrix was constructed. The matrix is shown in 
Table 3. Examination of the matrix reveals that the 
correlation between Pr and the width of the cross
ing roadway is statistically insignificant at et 

0.05, and so is the correlation between Pr and the 
percentage of signals in the city that have an ARI . 
The correlation between Pr and the length of the 
ARI is significant at et 0.05 but not at et 

0.01. The remainder of the correlations between 
Pr and the predictor variables are significant at 
et = 0.01. 

The best linear representation of the data is 
given by 

98 29.7 
57 31.5 
62 42 .2 

106 36.7 
46 21.9 
97 38.0 

155 63.0 

81 22.0 
105 25.4 

62 19 .1 
869 31.4 

P, = -18.3 + 0 .56W, + (38.02V/P (6) 

where Wa is the width of the approach under con
sideration (ft) and V/C is the volume-to-capacity 
ratio on the approach under consideration. An 
analysis of the partial regression coefficients is 
given below. 

Variable 
Wa 
V/C 

Partial 
Regression 
Coefficient 

0.56 
38.02 

Confidence 
Interval 
at ci = 0.05 
0.228 

22. 695 

Equation 6 leaves much of the variance unex
plained and also has a considerable standard error. 
Thus, the equation should not be expected to accu
rately predict driver use of the red interval at a 
specific intersection. In addition, note that the 
data collected covered the ranges of the predictor 
variables as given in Table 4 and that extension of 
the equation beyond these limits is of questionable 
value. 

Conspicuous by its absence from Equation 6 is the 
length of the ARI. As stated earlier, there is a 
significant correlation at et = 0.05 but not at a 
= 0.01 between Pr and the length of the ARI. This 
is solid, but not overpowering, evidence to suggest 
that the length of the ARI influences driver use of 
the red interval. However, in terms of predictive 
ability, the approach width and the volume-to-capa
c ity ratio seem to be far superior to the length of 
the ARI. 

In light of the results of the multiple linear 
regression, we thought that a nonlinear equation 
might give a better indication of the relation 
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Table 3. Correlation matrix. 
Item 

A 
B 
C 
D 
E 
F 
G 
H 

A 

1.000 

B 

-0.1334 
1.000 

C D E 

0.3394 0.3116 0.3509 
0.1090 0.5348 -0.0637 
1.000 0.5152 -0.0245 

1.000 0.0756 
1.000 
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F G u 

0.2283 0.2550 0.1912 
0.5244 -0.4967 0.4303 

-0.0702 -0.5010 0.0275 
0.3187 -0.5288 0.4676 
0.4367 0.6243 0.2695 
1.000 0.0727 0.3847 

1.000 --0.0507 
1.000 

Notes: A= length of AR]s,B = volume on the approach under consideration (vehicles/h), C = width of the crossing roadway (ft), D = 
width of the approach under consideration (ft), E = distance from the stop line to the intersection l~ne (ft), F = volume-to
capacity ratio, G = percentage of signals in the city that have an ARI, and H = f'r. 

Table 4. Range of observed values of independent variables. 

Variable Range 

Length of ARI (s) 0.0-3.0 
Volume on approach 428-1738 

(vehicles/h) 
Width of approach (ft) 19-59 
Width of crossing road- 34-6 2 

way (ft) 

Variable 

Volume-to-eapacity ratio 
Percentage of signals in 
the city that have an 
ARI 

Distance from stop line 
to intersection line (ft) 

Range 

0.43-0.98 
0-50 

0-40 

between Pr and the predictor variables. The 
following equation was used to test this concept: 

Equation 7 was then transformed by taking the loga
rithm of each side of the equation. Thus, 

(8) 

The multiple linear regression on the transformed 
data resulted in a poorer representation of the data 
than was found in the regression described by Equa
tion 6. Therefore, the results of the regression on 
the transformed data are not included here. 

t-Test: Off-Peak Pr Versus Evening Peak Pr 

As mentioned earlier, each intersection was observed 
during off-peak conditions and also during evening 
peak conditions. The purPose of this part of the 
data analysis was to determine whether time of day 
affects the frequency of driver use of the red 
interval at a given intersection. The concept was 
tested by comparing the off-peak mean Pr at a 
given intersection to the evening peak mean Pr at 
the same intersection. The data, as before, were 
examined in 30-min intervals. The null hypothesis 
was tested by means of the t-test. The results of 
the test may be found in Table 5. 

Examination of Table 5 reveals that, for each 
intersection, the variances are homogeneous at a = 
0.05. At 7 of the 10 intersections, there is no 
significant difference between means at a = 0.05. 
At the remaining three intersections, the difference 
is significant at a = 0. 05 but not at a = O. 01. 
Interestingly, at two of these three intersections, 
more drivers used the red interval during the peak 
period than during the off-peak periodr however, at 
the third intersection, more drivers used the red 
interval during the off-peak period than during the 
peak period. 

t-Test: Mean Timing at Intersections That Have ARis 
Ve'rsus Mean Timing at Intersections That Do Not Have 
~ 

A t-test was conducted to determine if the presence 

of an ARI coincides with drivers entering the inter
section at a later time than they would if there was 
no ARI. Because driver use of the red interval was 
greater at intersections that had ARis, we thought 
that the mean timing of the runners might be greater 
at intersections that had ARis than at intersections 
that did not have ARis. This concept was tested by 
means of the t-test. 

The results of the test may be found in the table 
below. Examination of the table reveals that the 
variances are significantly different at a = 0.01, 
and that the modified t-test value is insignificant 
at a = 0.05. 

Intersections 
Have ARIS 
Do not have ARis 

No. 
of 
Runners 
357 
604 

Mean 
Timing 

J& 
1.20 
1.24 

SD 
0.71 
0.85 

Thus, despite the evidence that the presence of an 
ARI coincides with increased driver use of the red 
interval, it apparently does not coincide with 
drivers entering the intersection at a later time 
after the start of the red interval. 

t-Test: Comparison of Mean Timing by Direction and 
Conflict Level 

The mean timing by direction and conflict level was 
tested to determine if there is a significant dif
ference in mean timings between directions and 
between two classifications of conflict for left 
turns. The entire set of 961 runners was divided 
into four groups. One of the groups was comprised 
of the right-turn runners and a second group was 
comprised of the straight-through runners. Left
turn runners were stratified into two groups; the 
left turn without conflict group was comprised of 
runners who turned left from a one-way street onto a 
one-way street (and thus encountered no more con
flict than did a runner making an ordinary right 
turn) and the left turn with conflict group was 
comprised of the remainder of the left-turn runners. 

The mean timing for each of these groups was then 
compared with the mean timing of the other three 
groups. These comparisons were made by means of the 
t-test. 

The results of the tests may be found in Table 
6. Table 6 reveals that there is a significant 
difference at a = 0.01 between the mean timing for 
the through runners and the mean timing for each of 
the other groups. The difference between the mean 
timing for left runners without conflict and the 
mean timing for right runners is significant at a 
= 0.05 but not at a " 0.01. The difference be
tween the mean timings for the left runners with 
conflict and the mean timing for right runners is 
not significant at a= 0.05. 

Further examination of Table 6 reveals that 
through runners have the lowest mean timing and are 
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Table 5. Variation in P, with time of day. 

Intersection Period No. Mean P, SD SE 

Farmington-Sigourney Off-peak 8 17.2 11.27 3.98 
Peak 8 34.4 17.13 6.06 

Main-Gold Off-peak 8 26.8 14.05 4.97 
Peak 7 26.3 23.62 8.93 

Ann-Asylum Off-peak 4 34.1 17.95 8.97 
Peak 4 51.3 10.40 5.20 

College-Elm Off-peak 7 45.2 15.84 5.99 
Peak 8 27.0 8.17 2.89 

Church-George Off-peak 6 23.8 12.75 5.20 
Peak 6 18.8 11.80 4.82 

Church-Elm Off-peak 8 36.6 8.26 2.92 
Peak 6 37.8 9.73 3.97 

Chapel-Church Off-peak 6 61.4 18.34 7.49 
Peak 6 64.2 11.14 4.55 

Dorrance-Weybosset Off-peak 6 24.4 5.98 2.44 
Peak 6 19.4 8.39 3.42 

Empire-Washington Off-peak 6 22.8 12.16 4.96 
Peak 6 27.8 6.61 2.70 

Main-Pearl-Mechanic Off-peak 8 13.4 8.30 2.93 
Peak 7 25.5 12.60 4.75 

Table 6. Comparison of mean timings by direction and conflict level. 

Mean 
Timing 

Direction Conflict Level No. (s) SD SE 

Left turn without conflict 163 1.31 0.789 0.062 
Left turn with conflict 146 1.33 1.061 0.088 
Left turn without conflict 163 1.31 0.789 0.062 
Straight through 487 1.08 0.645 0.029 
Left turn without conflict 163 1.31 0.789 0.062 
Right turn 165 1.50 0.871 0.068 
Left turn with conflict 146 1.33 1.061 0.088 
Straight through 487 1.08 0.645 0.029 
Left turn with conflict 146 1.33 1.061 0.088 
Right turn 165 1.50 0.871 0.068 
Straight through 487 1.08 0.645 0.029 
Right turn 165 1.50 0.871 0.068 

followed in ascending order by left runners without 
conflict, left runners with conflict, and right 
runners. 

CONCLUSIONS 

The results of the analyses of the field data may be 
summarized as follows. In answer to the three 
questions posed earlier, 

l. More drivers ran the red light at intersec
tions that had ARis than at intersections that had 
no ARis. At the intersections studied, the differ
ence is significant in the frequency of driver use 
of the red interval between intersections that had 
ARis and intersections that had no ARis. This 
difference is found to be significant, by means of 
the modified t-test, at a= 0.01. 

2. The length of the ARI appeared to be corre
lated with driver use of the red interval. The 
simple correlation between the length of the ARI and 
the frequency of driver use of the red interval is 
significant at a 0,05 but not at a 0.01. 
(The simple correlation between frequency of driver 
use of the red interval and each of four other 
predictor variables, however, was significant at a 
"' 0,01), 

3, Apparently drivers did not run the red light 
longer after the start of the red interval at inter
sections that had ARis than at intersections that 
have no ARis. At the intersections studied, the 
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F t-Test Result 

2.31 2.37 Significant at c, = 0.05 

2.82 0.05 Insignificant at c, = 0.05 

2.98 1.66 Insignificant at c, = 0.05 

3.76 2.86 Significant at c, = 0.05 

1.17 0.71 Insignificant at c, = 0.05 

1.39 0.25 Insignificant at c, = 0.05 

2.71 0.32 Insignificant at c, = 0.05 

1.97 1.19 Insignificant at c, = 0.05 

3.38 0.88 Insignificant at c, = 0.05 

2.30 2.23 Significant at c, = 0.05 

Modified t-Test 

F !-Test 8 (0) d Result 

1.81 50 0.19 Insignificant at 
c,=0.05 

1.56 56 3.36 Significant at 
c,=0.01 

1.22 2.15 Significant at 
c, = 0.05 

2.71 60 2.70 Significant at 
a=0.05 

1.48 49 1.53 Insignificant at 
c,=0.05 

1.83 57 5.68 Significant at 
c,=0.01 

difference in the mean timings between intersections 
that had ARis and intersections that had no ARis is 
not significant at a 0.05. In fact, the mean 
timing at intersections that had no ARis is slightly 
higher than the mean timing at intersections that 
had ARIS, 

These conclusions must be viewed with caution, 
however, for the following reasons. Only 10 inter
sections in four different cities were studied. Some 
factors that influence driver's use of the red 
interval might not have been studied during this 
project. For example, the type of phase following 
the observed phase (such as a pedestrian phase or 
the crossing street green phase) may very well 
influence driver use of the red interval. Also, at 
intersections that had ARis, drivers may have used 
the red interval as frequently before the implemen
tation of the ARI as afterward, In fact, it is 
possible that use of the red interval by drivers was 
the reason that the ARI was implemented in the first 
place. 

These results raise some interesting questions. 
If it is indeed true that people treat the ARI 
merely as an extension of the amber, two potentially 
serious problems present themselves: 

l. If a driver gets accustomed to having ARis, 
and to taking advantage of them, he or she may try 
to take advantage of the ARI at an intersection 
where no ARI exists. 
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2. If a driver gets accustomed to being able to 
safely enter an intersection after the start of the 
red interval, at least a portion of the traffic 
signal's authority is diminished for that driver. 

The implications of the second potential problem are 
somewhat less tangible but are just as serious as 
the implications of the first potential problem. 
Each driver on a street risks his or her life on the 
assumptions that all other drivers obey the signs 
and traffic signals used to control traffic and that 
all other drivers accept those signs and signals as 
the absolute authority over their travel. 

If the authority of these signs and signals is 
reduced in some way (such as suggested above), and 
some drivers begin to treat the signs and signals 
contemptuously, the law-abiding driver takes a 
bigger risk each time he or she enters an intersec
tion. 

The effects of this potential · problem would be 
difficult, if not impossible, to quantify, and the 
use of the ARI may do more good than harm. Indeed, 
many traffic engineers can quickly cite instances in 
which use of an ARI at a particular intersection has 
led to reductions in accident levels. Nonetheless, 
the potential problems listed here should be consid
ered. 

In conclusion, these results should not indicate 
to the reader that the use of ARis should be abol
ished or even limited, The number of intersections 
studied is simply not large enough to make such a 
sweeping conclusion. However, these results indi
cate that a problem may exist and that more research 
should be done in this area. 

In addition to the major findings of this report, 
the following results were also obtained from the 
data analyses. There is no evidence to suggest that 
driver use of the red interval is greater during 
peak hours than during off-peak hours. In fact, at 
4 of the 10 intersections studied, driver use of the 
red interval was greater during off-peak hours than 
during peak hours. Right-turn runners had the 
highest mean timing, They were followed, in de
scending order, by left-turn-with-conflict runners, 
left-turn-without-conflict runners, and straight
through runners. 
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Discussion 

Peters. Parsonson 

Worldwide concern is mounting that drivers may be 
becoming increasingly disobedient of the red signal 
(]) • The authors have addressed an important and 
timely topic. The first conclusion of the paper is 
that more drivers ran the red light at intersections 
that had ARis than at intersections that had no 
ARis. The authors concluded that, if their 10 
intersections are indicative of all signalized 
locations, then a potentially serious problem pre
sents itself. 

One difficulty with these results is that the 
paper does not report the length of the yellow 
interval at any of the intersections; neither are 
the approach speeds stated. so, for all the reader 
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is told, the yellow intervals could have been 
shorter at those intersections that use all-red, and 
that could be the reason that more drivers ran the 
red signal at those intersections. 

Ryan has said in response to queries that he did 
not know whether the yellow intervals were identical 
at the 10 intersections and in fact had not measured 
them. However, the paper states that wthe longest 
amber interval at the observed intersections was 3.6 
s, w so it appears that the yellow intervals are in 
fact known, 

As the paper stands, it is hard to see how the 
interested reader can find any assistance whatever 
with a problem in timing the intergreen period, as 
the British call it, It would be helpful if the 
authors would state the yellow times and compare 
them with the minimum calculated as 

y = t + (V/2a ± 64.4g) 

where 

y • minimum yellow time (s); 
t • perception-reaction time of driver (s); 

the standard value is 1 s: 
v • approach speed (ft/s); 
a deceleration rate (ft/s 2 ), currently taken 

to be 10 (_~,1.l; and 
g ~ percent of grade divided by 100 (added for 

upgrade and subtracted for downgrade). 

(9) 

This equation was proposed by the discussant pre
viously (ll as the minimum yellow to ensure that 
drivers need not enter on the red. 

Authors' Closure 

In this discussion, Parsonson raises several 
valid points. Certainly, the length of the amber 
interval at each intersection is important, and a 
computation of the adequacy of the amber interval 
would also be of interest. 

The length of the amber interval was observed at 
each intersection, Table 7 shows the length of the 
amber interval, the length of the ARI, and Pr for 
each intersection. The length of the amber interval 
and the length of the ARI are average values; some 
variation in the lengths of these intervals was 
observed at several of the intersections. 

Casual examination of Table 7 does not appear to 
indicate a relation between Pr and length of the 
amber interval, Statistical analysis might, of 
course, yield a different result, 

Further examination of Table 7 reveals that the 
longest amber interval observed was 3.5 s, instead 
of the 3. 6 s reported earlier, The text has been 
corrected in regard to this point. Since this value 
was not used in any of the statistical analyses, 
none of the results are affected by this correction. 

Unfortunately, we could not obtain speed data 
along with the driver behavior data, because only 
one observer studied each intersection. Because of 
this, we cannot use the equation suggested by Par
sonson to check the adequacy of the amber interval, 

Parsonson is correct when he states that the 
paper does nothing to assist the reader with timing 
of the intergreen period, However, it was not the 
intent of this research to investigate the timing of 
that period, Rather, it was to investigate driver 
use of the ARI, and specifically to investigate the 
three questions stated in the paper's introduction. 
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Table 7. Driver use of the red intervals. 

City Intersection 

Hartford, CT Farmington-Sigourney 
Main-Gold 
Ann-Asylum 

New Haven, CT College-Elm ,.,. ,_ ....,_ -
'-'JlUJ.1.,Jl-UCUJl;IC 

Church-Elm 
Chapel-Church 

Providence, RI Dorrance-Wey bosset 
Empire-Washington 

Worcester, MA Main-Pearl-Mechanic 
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Comparison of Signs and Markings for Passing and 

No-Passing Zones 
RICHARD W. LYLES 

An experiment was undertaken to examine the relative effectiveness of five 
pavement marking and signing sequences for informing motorists of passing 
and no-passing zones on rural two-lane, two-way rural roads. Treatments 
included (al standard pavement markings, (bl pavement markings plus stan· 
dard regulatory signing, (cl pavement markings plus no-passing pennants, and 
(di and (el two combinations of regulatory signs and pennants. Data were 
collected on overtaking and passing vehicles by two observers in a staged ve
hicle that traveled over a measured length of roadway. The principal findings 
were that the addition of any sign sequence to pavement markings resulted 
in motorists being appreciably more observant of the passing and no-passing 
zones and spending less time in the passing (opposingl lane. Less conclusive 
evidence was presented in support of the more emphatic and informative 
sequences that resulted in progressively more compliance with the marked 
zones. 

Overtaking and passing maneuvers are two of the most 
common sources of conflict between two or more 
vehicles on two-lane, two-way rural roads, Numerous 
possibilities exist for collision, including rear
end, sideswipe, and, most dangerous, head-on. 
Drivers, in overtaking and passing another vehicle, 
depend on a number of visual cues to ascertain 
whether such maneuvers can be completed safely, In 
addition to checking for oncoming traffic and gaug
ing the speed of both any oncoming vehicles within 
sight and the vehicle to be overtaken and passed, 
the driver also uses the information provided by 
pavement markings and roadside signs to ascertain 
the advisability of the maneuver--Is he or she in a 
marked passing zone, how much of the passing zone 
remains, and so forth, Signs and marking can 
clearly provide considerable guidance to the motor
ist in making judgments about the relative safety of 
passing maneuvers. Despite the presumed importance 
of the signs and markings for passing and no-passing 

zon·es, there appears to be a considerable range in 
how such devices are, or should be, used in practice 
[see, for example, Nickerson, (1) and Weaver and 
others (2) I. -

In the context described above, the basic objec
tive of the research described herein was to evalu
ate several alternatives for roadside signing, 
relative to traditional pavement markings, for 
indicating passing and no-passing zones. 

STUDY METHODOLOGY 

Many traffic situations lend themselves to straight
forward examination; for example, vehicles approach
ing a specified intersection or other potentially 
hazardous situation can be observed or tracked by 
using sensors on the road surface and appropriate 
electronic equipment (3) with the acquired data 
being used to calculate vehicle speeds at certain 
points on the approach to the hazard. The result is 
that fairly extensive sets of data can be obtained 
in a relatively short time, even in low-volume 
situations. By contrast, overtaking and passing 
maneuvers are dynamic in nature and, hence, more 
difficult to document relative to where certain 
events took place. Alternative methods for docu
menting such maneuvers include the use of film or 
videotape, isolation of one specific passing or 
no-passing zone, or use of some sort of mobile 
data-collection device. 

For a variety of reasons, including equipment 
availability and the explicit capability to use 
several different zones, a mobile data-collection 
device was selected in this instance. The basic 
approach was to have a staged vehicle (Jeep Wag-




