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Right-Turn-on-Red 

CHARLES V. ZEGEER and MICHAEL J. CYNECKI 

ABSTRACT 

The a doption of t he perm i s s ive righ t- tum- on- r e d CRTOR) r ule in the United 
States (except for New York City) has r esulted i n possible p oblems with re
spect to motorists failing to make a full s t op before turni n<J rig ht on red . 
Als o , the rate of mo t o r i.At viol~tio!' 1> to t:.h>? NO TURN m! R£n ::i~n ;.;;::: .:. l ~c 
raised as a r e lated ,;>roblem. The puLpose o ·f this study was to dete rmine these 
11 i o lation r a t es relat ive to RTOR and to d etermi ne t he resulting pedestrian
related con flic t s associated with RTOR mane uvers . Based on the c ol lection of 
o bserva t ional .d a ta fo r mo re t han 67,000 d r i ver s at 110 i n te r section s in Wash
ington, o.c . ; Detroit , Mich igan; and Da llas and Aus t i n, •rexas , 3 . 7 p e rce nt o f 
all r ight-turn i ng motoris t s a t R'l'OR-i;>coh i bited inte r sec t i ons violate the R'l'O'R 
proh ibition sig ns . Howe ver , o f t hos e motoris t s g ive n an opport u nity to c ommit 
a n R·r oR vio lat ion, a bout 21 percent v-iolate the NO TUR~ ON REO sign. Although 
23 .4 perce n t o f RTOR viol;, t ·on ,; res• lt !n ~ c o n flict with a nother vehicle e r 
pedestr nn , only abou t 1 out of e very 100 total right-tu i: n vehicles is i nvolved 
in a n R.TOR c onf lict . I n t e rms o f stopp ing c ha r a cteristics at RTOR-all oweo 
sites , 56 . 9 p e rce n t o f moto r i sts fail to make a full stop before tur n ing dgh t 
on red . AH a na ly s is of s pec ific d a ta- collection s;ites resulted i n a list of 
locational facto r s a s s oc ia t ed wi t h h igh and l ow v iol ation cate s . Prom t h is 
a na lys i s a li~t of 30 c a ndidate counte rmeasur e s wa s developed for possl b le use 
relative to R'fOR. 

The recent adoption of the Western Rule in the 
United States relative to right-turn-on-red (RTO'R), 
exc ept for New York City, has resulted in the right 
of motorists to turn right on a red signal (except 
when otherwise signed) after stopping and yielding 
to pedestrians and motorists. However, two of the 
reported p r oblems of the generally permissive RTO'R 
rule involve motorists: 

1. Turning right on red at RTOR-prohibited loca
tions (i.e., NO TURN ON REI) signs exist), and 

2. Turning right on red (where permitted) with
out stopping. 

IL b ~ ~ been speculated that one of the causes of 
violations of RTOR prohibitions is the carry-over 
effect to motorists because of the current permis
sive R'l'OK rule that causes them to expect to be able 
to turn right on red at all intersections. One con
founding problem is that the NO TURN ON RED (NTOR) 
sign is not always pl aced in the same position , an~ 
it may not be notic e a ble to d rive rs even when the 
sign is placed in accordance with Manual on Uniform 
Traffic Control Devices (MUTCO) standards (}). Other 
problems involve the lack of police enforcement of 
RTOR prohibition in many areas. The current MUTCn 
warrants for an NTOR sign have led to the high use 
of RTOR prohibitions in some cities and li t tle o r 
no use in other cities. Many believe that RTOR is 
not hazardous, and therefore prohibitions are 
rarely if ever needed. Others view RTOR as a 
detriment to safety in that it should never have 
been implemented. 

The other compliance problem with RTOR rel a t.e s t o 
RTOR vehicles that fail to come to a full stop be-

fore turning right on red where RTOR is allowed. 
Previous studies have indicated that between 3 and 
65 percent of vehicles commit such 'RTOR violations 
(2,3). However, only about 1 to 3 percent of RTOR 
violations (i.e., failing to stop) resulted in an 
unsafe act or hazardous situation (}). 

With evidence of t hese two types o f RTOR viola 
tions, a need exists to determine the current status 
of motorist compliance with RTOR p roh ibition. There
fore, the purpose of this study was to 

l. Conduct observational studies at signalized 
intersections in several cities to determine current 
motorist compliance with RTOR prohibition (NTOR 
signs) and the requirement to make a full s t op be
fore turning right on red (where 'RTOR is permitted); 

2. Collect traffic, geometric, and other physi
cal site characteristics and determine what site 
factor s are associated with high and low rates of 
RTOR violations; and 

3. Develop a list of countermeasures for in
creasing compliance or reducing hazards or both 
celated to RTOR . 

MOTORIST COMPLIANCE WITH 'RTOR LAWS 

One of the objections to the generally permissive 
RTOR regulation is that motorists frequently do not 
stop before turning on red. Such concerns have re
cently been expressed in several studies (2-5). An 
assessment of motorist compliance with stopping is 
presen t ed i n the f ollowi ng section, followed by a 
n:i;,;: s ioo of motorist •1io l.:1tio n of tutning o n r ea 
where the maneuver is prohibited. 
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Complia nce Where RTOR is Permitted 

The generally permissive RTOR rule requires that 
motorists must come to a full stop and yield to 
pedestrians and other traffic in the intersection 
before turning on red. There have been several ex
aminations of motorist compliance and violations to 
the RTOR law. A 1983 study (6) f ound that overall, 
40 percent of the drivers who t urned on red failed 
to come to a stop before turning. Violation rates 
per site ranged from 38 to 71 percent of RTOR vehi
cles. Under the sign-permissive rule in Virginia, 
Parker et al. (2.) found that 9 percent of the RTOR 
motorists at 15 approaches did not come to a full 
stop before turning. A study conducted at 11 sites 
in Providence, Rhode Island, found that 65 percent 
of the motorists did not stop (8) • At 12 locations 
in Springfield, Massachusetts, only 28 percent of 
the RTOR motorists did not come to a full stop (8). 
The low violation rate in Springfield was attributed 
to the newness of the RTOR maneuver and the sign 
reminding motorists to stop. Baumgaertner ( 3) col
lected compliance data at 13 approaches in Maryland 
and also found that the noncompliance rate under the 
sign-permissive rule was 64.4 percent, which compares 
closely with the Providence data. 

RTOR violation data were collected for generally 
permissive RTOR in two studies in which the general 
rule had only been adopted for 1 year (l,i). At 
seven approaches in North Carolina, Parker et al. 
(2.) found that 2.0 percent of the RTOR motorists did 
not stop. However, after generally permissive legis
lation was enacted in Virginia, Parker (2) found 
that 11.5 percent of the RTOR motorists violated the 
law. It is important to note that the violation rate 
varied considerably with 48 percent of the viola
tions reported at two approaches. 

A high violation rate creates a law enforcement 
problem and may lead to a serious safety problem. In 
their studies, Baumgaertner (3) and Parker (2) also 
recorded the number of unsaf; turns where the RTOR 
motorists did not stop or yield to other traffic in 
the immediate vicinity of the intersection. In both 
studies less than 2 percent of the motorists made an 
unsafe turn. Additional studies of motorist com
pliance are needed periodically to examine trends 
over time and to identify unsafe approaches so that 
appropriate countermeasures can be applied. 

The magnitude of the RTOR violation problem can 
be pu t i nto perspective by compa r i ng it wi th motor
i s t c ompl i ance a t stop sign l ocations . In a Ch i ca go 
s t udy , 53 t o 76 pe rcent of a l l d rivers failed to 
come t o a complete stop a t s top signs. However, only 
5 to 10 perc en t o f all veh i cle s t raveling Ln e xcess 
of 5 mph (8 km/ h) v iolated t he s top s i gn <.2). A 1976 
study by Baubie n (!Q) wa s conducted i n Troy, Michi
g an, to determine whether stop signs were effec tive 
for s peed control i n resident ia l a reas . At t he th re e 
l ocations full stops r a nged f rom 6 to 51 pe reent of 
veh i cles , r o lling stops rang ed from 34 t o 54 pe r 
cent , a nd no-sto p s r a nged from 15 t o 47 perce nt 
(!Q). Based on these data , the v i olat ion r ate i n
volv i ng s top signs appea rs t o be c onsider ably higher 
than the RTOR noncompliance rate. 

A 1978 study obs e rved motori s t obedience to the 
stop signs i n Barton, Springfiel d , a nd Providence. 
The percentage o f vehicle v i olations (no t stopp i ng) 
ranged from 31 to 39 perce nt . Of thos e vehic les not 
forced to stop by cross-street traffic, the percent
age of violations (nonstopping vehicles) ranged from 
35.2 to 71.2 percent (.§.). 

Violations Whe re RTOR is Prohibited 

Another major concern is whether motorists are vio
lating the law by turning right on red at locations 
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where the maneuver is prohibited. There is evidence 
that violations do occur. The most recent study was 
conducted in New Jersey in 1983, and it was noted 
that 6 percent of right-turn vehicles turned on red 
(at five intersections) where RTOR was prohibited 
(.§.). 

Benke and Ries (11) collected violation data at 
11 sites where RTOR maneuvers were prohibited under 
sign-permi ssive and generall y permissive rules and 
found t ha t the viola tion r ate s were 1.23 and 9.56 
percent, r espec tively (i.e., 1.23 percen t of the 
motorists made an illegal RTOR maneuve r) . The 
authors attributed the high violation rate, which 
occurred at 4 of the 11 sites, to poor visibility of 
t he sign resulting from poor sign placement and a 
busy signing envi ronmen t a t one location . In Indiana 
Mamlouk (12) found that 1. 4 percent o f t he motor is ts 
made an illegal RTOR maneuver under the sign-permis
sive rule. It was also reported that the violation 
rate varied considerably, with one site having an 18 
percent violation rate. At that location sign place
ment made it difficult for motorists to see the 
traffic control device. 

METHODOLOGY 

Data were collected to investigate two problems as
sociated with RTOR: (a) to determine if RTOR prohibi
t ions a re being o beyed, and (b) t o determi ne if mo
torist s are coming to a compl e t e s t op before making 
a.n RTOR maneuve r where RTOR is permi t t ed . Each of 
thes e problems required s epa ra te data-collection 
p lans and p r ocedures, as d iscussed in the following 
sections. 

Data-Coll ection Pl a n for Vi o l a tions o f RTOR
Prohibited Locations 

Selection of Cities for Data Collection 

One of the factors that could have a major impact on 
RTOR c ompliance is the r ec e n t history of RTOR in the 
a r ea, because th is could influence the l e vel of 
motori s t knowledge and unde r stand i ng of RTOR and 
RTOR prohibition. For e xampl e , mot o rists i n c ities 
that have had the Wes tern Rule f or many years (e .g . , 
LOB Angeles) may respond d i ffer ently to RTOl\ prohi 
b i tion than mot oris ts i n e astern c it i es that have 
used t he Eastern Ru l e un t il recently (e . g ., Washing
ton, o.C.). Other f actors s uch as level of pol ice 
enforcement of RTOR, a r ea characteri s tics , and local 
driver characteristics may also affect the level of 
compliance and vary from city to city or state to 
state, although such factors are difficult or impos
sible to quantify. 

To allow for collecting data for a variety of 
conditions, three U.S. metropolitan areas were se
lected: 

1. One city in the wes tern United States that 
has had the Western Rule (RTOR permissive law) in 
effect for many years, 

2. One c ity in t he eastern United States that 
has only recentl y adopted the Western Rule (within 4 
or 5 years), and 

3. One city in a neutral part of the country 
such as the Midwest. 

After discussions with the FHWA and numerous 
cities , it was de c ided to use Washington, n .C . , to 
repres en t the ci t y that unt il r ecently had the East
ern Rule . The c l t ies of Dallas a nd Aust i n, •rexas, 
were selected to represent cities with the Western 
Rule, and Detroit, Michigan, was selected from the 
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Midwest. Washington, D.C., currently prohibits RTOR 
(for either part of the day or all day) at approxi
mately 70 percent of its intersections. RTOR is 
prohibited at only a small percentage of intersec
t ions in Dallr1!l and An!ltin, wh<>rP"" 'R'l'O'R prnhi_l:liHm, 
is used at an estimated 10 to 20 percent of signal
ized intersections in the Detroit area. 

Selection of Data-Collection Sites 

Sites were selected to prov ide a variety of geo
me tric , volume, and o t her conditions throughout the 
city. One of the site selection criteria waR moder
ate to high levels of pedestrian volume. However, 
some sites with low pedestrian volumes were selected 
that exhibited unusual geometrics. Also, intersec
tions that have two or more approaches that prohibit 
RTOR were selected in many instances t o facilitate 
data collection. 

To select t he sites and approachE!s, " 1 ;,.t n f 
sites with RTOR prohibition was obtained from each 
city. The sites were field reviewed by the project 
engineers before data collection. During this review 
basic site information was obtained and observat ion 
points and data-collection time periods were se
lected, Violation data were collected for a total of 
110 approaches to provide a variety of site charac
teristics . 

Deve lopment of Data-Collection Forms and Procedures 

Data-collection forms and procedures were deve.loped 
to assist observers in obtaining accurate and con
sistent d a ta. Two basic types of data were col 
lected: site data and viola·tion data. Site data 
collected included all traffic control devices 
( signs, signals, and pavement markings), intersec
tion g-eometrics, posted speed limits , sight distance 
for the right-turn vehicle, and pertinent signal 
data . 

The reverse side of the form was used for the 
condition diagram, and observers were instructed to 
draw a detailed site diagram with street widths , 
location of pavement markings, signs and s'gnals, 
special turn l anes, intersection geometr,y, type of 
development on each cornE!r, location of on-str<1at 
parking (if any), and other physical features. Ob
servation data were collected in 10-min intetval s on 
form 1 and included the following items: 

1. Start time and end time of the data-collec
t ion period (military time). 

2. Approach (northbound , eastbound , and so 
~ ..... --\..\ 
J.V.L-..U/ • 

3. The number of right-turn-on-green (RTOG) 
vehicles. RTOG vehicles were categorized into arrive 
on green, arrive on red (RTOR opportunity), and 
arrive on red (no RTOR opportunity). 

4. RTOR maneuvers, which were categorized into 
no conflict, conflict with traffic, and conflict 
with pedestrians. Pedestrian conflicts were recorded 
based on whether they occurred at the near or far 
crosswalk and the type of conflict: (al vehicle 
hesitation (VH)--vehicle slows or ~tops to avoid 
hitting a pedestrian while executing an RTOR maneu
ver; (bl vehicle swerve (VS)--vehicle swerves to 
avoid hitting a crossing pedestrian; (c) pedestrian 
hesitation (PH)--pedestrian slows, stops, or re
verses his direction of travel to avoid a collision; 
(d) pedestrian run (PR)--pedestrian increases his 
speed or runs to avoid a collision; and (e) interac
tion (!) --neither the vehicle nor t he pedestrian 
reacts but the pedestrian is in a moving lane and is 
within 20 ft (6 m) downstream of an RTOR vehicle. 
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5. Pedestrian volume, where the total number of 
crossing pedestrians is recorded separately for the 
near and far crosswalks, regardless of their direc
tion of travel or compliance with the pedestrian or 
t!'aff!c !::ignal. 

When two or more conflict types occurred during a 
single event (i.e., a vehicle hesitates and a pe
destrian runs during the same RTOR event), only the 
most severe conflict was recorded. Only one conflict 
was recorded per RTOR vehicle, regardless of the 
number of pedestrians involved in the conflict. 

A minimum of 4 hr of data was collected on each 
approach. Eight or mnrP hnnrR nf nJ:1ta were collected 
on several approaches to test for data repeatability. 

Data-Collection Plan for Violation Data at 
RTOR-PermLtted Approaches 

This portion n f t.h~ ~t1_1dy ;nun1 , u :u ~ ,..n ,1 0 ,..+- ~ng u ~n1 l:l

tion data at RTOR-permitted sites to determine 
whether vehicles were making a complete stop before 
their RTOR maneuver. These data were later compared 
with stopping characteristic data for right-turn 
motorists at stop sign locations. The data were col
lected at sites within Washington, D.C.; Dallas/ 
Austin, Texas; and Detroit, Michigan, as discussed 
earlier. 

Selection of Data-Collection Sites 

Sites selected included signalized intersections 
with at least two approaches that permit RTOR or 
intersect i ons wi th a t least t wo approaches con
trolled by stop signs. Initial site selection was 
made by selecting a list of potential test sites. 
Final site selection was made by reviewing candidate 
sites with high right- turn volume, high RTOR volume 
(signalized locations) , and moderate to high pedes
trian volumes. The sites selected were in the vicin
ity of the RTOR-prohibited locations used for col
lection of violation data relative to prohibition 
signs. Data were collected for 29 total approaches 
of signalized intersections and 28 stop sign ap
proaches. 

Developme nt of Data- Collection Forms and Proc edur e s 

Data collected included site information and stop
ping characteristics (observation data). Site data 
were also collected as described earlier. Observa
tion data were collect ed on the RTOR and stop sign 
stopping characteristics data form. A total of 4 hr 
of data were collected on each approach, or a total 
of 8 hr at each intersection. Data collection was 
alternated between two approaches with 30 min of 
data collected on an approach (summarized and re
corded in 10-min intervals). In this manner, data 
were sampled from both approaches throughout the day. 

Data collected on the RTOR and stop sign stopping 
characteristics data form included the following: 

1. Intersection name, city, location, and so 
forth. 

2. Intersection control, such as traffic signal 
or stop sign. 

3. Time period data collection began and ended 
(military time). 

4. Approach (northbound, eastbound, and so 
forth). 

5. RTOG--the number of vehicles that turn right 
on green signal i ndications (for signalized ap
proaches only). 
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6. RTOR vehicles--the type of stop for RTOR or 
stop sign right-turn vehicles, which are defined as 
(a) no stop--the vehicle slows only to negotiate the 
right turn and does not make any effort to stop; (bl 
rolling stop--the right-turn vehicle slows more than 
the no-stop condition but at no time do the wheels 
come to a complete stop in the vicinity of the stop 
bar or crosswalk; (c) full stop-voluntary--the vehi
cle comes to a complete stop in the vicinity of the 
stop bar or crosswalk but is not forced to stop by 
pedestrians in the crosswalk or by cross-street 
traffic; and (d) full stop-forced--the vehicle comes 
to a complete stop in the vicinity of the stop bar 
or crosswalk and does so because of the existence of 
pedestrian crosswalk activity or through traffic. 
(Note that this does not necessarily mean the vehi
cles would not have voluntarily stopped if no pedes
trian or cross-traffic were present.) 

7. Pedestrian volume--crossing pedestrian traf
fic on the near or far side crosswalk. 

8. Opposing traffic--the cross traffic poten
tially conflicting with RTOR or right-turns at stop 
signs. For an approach that intersects a two-way 
street, only the direction of cross traffic that 
conflicts with the right-turn maneuver would be 
counted. 

RESULTS 

Status of Violations to RTOR Proh i bition Signs 

Violation data were collected at a total of 110 
intersection approaches relative to vehicles ille
gally turning right on red. The violation rate for a 
group of sites may be expressed in several different 
ways: 

l. Overall RTOR violation rate is the overall 
percentage of right-turn vehicles that turn right on 
red (i.e., total number of RTOR events at a group of 
sites divided by the total right-turn volume). This 
was a common way of expressing violations in past 
studies. 

2. Mean RTOR violation rate is the average per
centage of right-turn vehicles that turn right on 
red (i.e., the mean percent violations of a sample 
of intersection approaches) • This can only be com
puted for a sample of two or more sites. 
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3. Overall RTOR violation rates per opportunity 
is the percentage of vehicles turning right on red 
of those vehicles that have an opportunity to do so. 
In the first two definitions (1 and 2) , all right
turning vehicles are included in the denominator, 
regardless of whether they arrive on red, arrive on 
green, or had an opportunity to make an RTOR (i.e., 
they were the second or third car stopped in the 
right-turn lane, or a lack of gaps in cross-street 
traffic prevented them from turning right on red) • 
This definition only includes those vehicles stopped 
first in line at the red light that have an adequate 
gap and an opportunity to turn right on red. It is 
really a measure of the percentage of motorists who 
would violate the RTOR prohibition if given the 
chance. This definition will result in a higher 
percent violation rate than the previous two defini
tions. 

4. Mean RTOR violation rate per opportunity is 
the same as the previous definition, except a mean 
of the violation rates of the sites is used. 

To illustrate the three definitions of violation 
rate, consider hypothetical data on three intersec
tion approaches, A, B, and C (l hr of data per ap
proach) when each has NTOR signs (Table l). From the 
sample data in Table l, the overall RTOR violation 
rate for the three approaches is the total RTOR (18) 
divided by the total right turns (135), or 13. 3 
percent. The mean RTOR violation rate for the three 
approaches is the average of 6. 0 percent (Approach 
A), 11.l percent (Approach Bl, and 25.0 percent 
(Approach C), or 14.0 percent. This differs slightly 
from the 13.3 percent overall RTOR violation rate. 

To compute the overall and mean RTOR violation 
rate per opportunity only the RTOR opportunities are 
used in the denominator. Thus, in the sample data in 
Table l, the overall RTOR violation rate per oppor
tunity for the three approaches is the total number 
of violations (18) divided by the total opportuni
ties (60), or 30.0 percent. The mean RTOR violation 
rate per opportunity is computed as the average vio
lation rate of Approach A (30.0 percent), Approach B 
(25.0 percent), and Approach C (33.3 percent), or 
29. 4 percent, which differs slightly from the 30. 0 
overall rate. 

The actual violation rates are given in Table 2 
for each of the three cities and for the overall 
data base. Of the 110 intersection aporoaches, 59 

TABLE 1 Hypothetical Data on Three Intersection Approaches 

V chicles Turning 
Vehicles Right on Red 

Total RTOR RTOR Turning Right That Had An 
Approach Right Turns Vjolations Opportunities on Red(%) Opportunity(%) 

A 50 3 10 6.0 30.0 
B 45 5 20 I I. I 25 .0 
C 40 10 30 25.0 33.3 

Total 135 18 60 

TABLE 2 Summary of RTOR Violations at RTOR-Prohihited Sites 

VioJation Rate 
per Opportunity 

Violation Rate(%) (%) 
Total Total RTOR Total RTOR 

City Approa ches Right Turns Violations Overall Mean Opportunities Overall Mean 

Detroit 59 33,400 1,119 3.4 4.7 5,904 19.0 22.0 
Washington, D.C. 27 22,742 888 3.9 4.6 4,122 21.5 19.4 
Dallas/Austin 24 11,205 493 4.4 6.9 2,288 21.5 24.6 

Total 110 67,347 2,500 3.7 5.1 12,314 20.3 2 l.'J 
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TABLE 3 Summary of Violations and Conflicts at RTOR-Prohihited Sites 

RTOR Violations Resulting in Conflicts 

Pedestrian Conflicts 
Total 

Conflicts with Conflicts with Near Crosswalk Far Crosswalk 
Total Conflicts Traffic Pedestrians Only Only 

Total No. of 
City Violations No. Percent No. Percent No. Percent No , Percent No. Percent 

Detroit 1,119 246 22.0 79 7.1 167 14.9 61 5.5 106 9.5 
Washington, D.C. 888 199 22.4 28 3.2 171 19.3 44 5.0 127 14.3 
Dallas/ Austin 493 140 28.4 80 16.2 60 12.2 34 6.9 26 5.3 

Toto! 2,500 505 23.4 187 

were from Detroit, 27 from Washington, D.C., and 24 
from the Da llas/Austin a rea. A total of 2 , 500 viola
tions we r e obse rved for the 67,347 tota l turning 
vehicles, ur 3 . 7 peC"cent overall . The uver:all viola
tion rates ranged between 3.4 percent (Detroit) and 
4.4 percent (Dallas/Austin). The mean v iola t ion r ate 
was 5 .1 for all sites and ranged from 4. 6 percent 
(Washington, D.C.) to 6.9 percent (Dallas/Austin). 
These numbers compare closely with the 6 percent 
overall violation rate found by Davis and Mullowney 
(.§.) in New Jersey at 11 sites in a 1983 study. 

Other information in Table 2 relates to RTOR 
violation rates per opportunity. For exam~le, of the 
67 ,347 right turns at the no sites, only 12,314 
( 18. 3 percent) had an opportunity to turn right on 
red. This is because many arrived and turned right 
on green or were not the lead vehicle stopped in 
t he r ight - t urn lane (could no t phy sically make the 
turn on red). In a few cases no opportunity existed 
for a RTOR violation because of high pedestr'ian or 
cross-street traffic. 

The overall RTOR violation rate per opportunity 
was 20. 3 percent. The rate was consistent among the 
cities, ranging from 19.0 percent (Detroit) to 21.5 
percent (Washington and Dallas/Austin). This indi
cates that about 1 out of every 5 motorists turns 
right on red when given the opportunity when it is 
prohibited. 

One additional analysis was also conducted of the 
percentage of overall RTOR violations that resulted 
in a conflict, as summarized in Table 3. Of the 
2,500 total RTOR violations at the 110 approaches, 
585 (23.4 per cent) resulted i n some t ype of con
flict. Of the 2,500 violations, 187 (7. 5 percent) 
involved cross traffic, 139 (5.6 percent) involved 
pedestrians in the near crosswalk, and 259 (10.4 
percent) involved pedestrians in the far crosswalk. 

Tn +-ormC! ni= inrHuiAn::io1 ,...;+-ioC!; 'QrrnR uinl:::11+-innc:i: in 

Dallas/Austin resulted in a conflict 28.4 percent of 
the time compared with approximately 22 percent in 
the other two cities. In particular, 16.2 percent of 
RTOR violations in Dallas/Austin resulted in a 

7.5 398 15.9 139 5.6 259 10.4 

c ross-tra-ff ic c·onflict., compared with 3 . 2 p_ercent 
and 7.1 percent in Washington, o . C-, and Detroit, 
r eepect i vely. However , pedestrian-re.la tcd conf 1 ic ts 
ai~1gicd .frvn·. 1; . 3 ye:cc€:: ,1.., vf iitOr\ vivlai..ivns ia , ;.ash

i ngton, O.C., compared with 14.9 percent (Detroit) 
and 12. 2 percent (Oallas/Austinl , probably because 
of the higher densities of pedestrians at the Wash
ington sites. 

These pedestrian conflicts occurred most fre
quently on the near crosswalk in Dallas/Austin (6 . 9 
percent on the near crosswalk to 5 . 3 percen·t on the 
far crosswalk). However, the far crosswa lks e,x
pedenced more pedeotric.n conflict:; thc.n the naar 
orooaw.ilks at t he sites in Nashington 114.3 to 5.0 
percent) and Detroit (9.5 to 5.1 percent.) . RTOR 
violations with pedestrians n th far ccosswa k 
could be largely the result of pedestrian viola
tions, because during a red phase pedestdans in the 
near crosswalk would normally have the ~IALK interval . 

Lt should be remembered from the previous discus
sion that although 23.1\ percent of all RTOR viola
tions resul ted in conflicts, only 3 ,7 percent of all 
right-tur.ning vehicles committed an R'fOR violation. 
Thus only 0.234 K 0.037 ~ 0.9 percent (lees than 1 
in 100) of the right-turn vehicles was involved in 
any kind of an RTOR-related conflict (585 RTOR-re
lated conflicts for 67,347 total right-turning vehi
cles). Further, RTOR-pedestrian conflicts resulted 
from only 39B of 67,347 right-turning vehicles (0.59 
percent), or a bout 6 out of every 1 ,000 right-turn
ing vehicles. It should also be ren1embered that a 
majority o f the sample sitl;ls we·re in areas with 
moderate to high pedesccian volum«s, so these per
centages of pedestrian conflicts are likely higher, 
than would be eitpected for the overall sample of 
intersections in a c ity . 

As discussed earlier: details were also recorded 
for the specif"c types of pe!l,u•~rian r.onfl ir.t;s. T<;!

sulting from each RTOR violation, as summarized in 
Table 4. Of the 398 resulting pedestrian conflicts , 
t he most prevalent types were pedestrian-vehicle 
interactions (36. 5 peccent) , pedestrian hesi t:-ations 

TABLE 4 Summary of Types of Pedestrian Conflicts Resulting from Violations of 
RTOR Prohibitions · 

Conflicts 

Near Crosswalk Far Crosswalk Total 

Type of Pedestrian Conflict No. Percent No. Percent No. Percent 

Vehicle hesitation 27 19.4 81 31.3 108 27.1 
Vehicle swerve 2 1.5 4 1.5 6 1.5 
Pedestrian hesitation 48 34.5 75 29.0 123 30.9 
Pedestrian run 4 2.9 12 4.6 16 4.0 
Pedestrian/vehicle interaction 58 41.7 87 33.6 145 36.5 

Total 139 100.0 259 100.0 398 100.0 

... 
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TABLE 5 Comparison of Pedestrian Conflicts Occurring with RTOR and RTOG 

RTOR with Co nflict RTOG with Conflict 

Total Cross Traffic 
Right RTOR 

City Turns RTOR RTOG (%) No. Percent 

Detroit 20,867 761 20,106 3.6 49 6.4 
Washington, D.C. 9,000 334 8.666 3.7 5 1.5 
DaJlas/Austin 8,095 393 7,702 4.9 72 18.3 

Total 37,962 1,488 36,474 3.9 126 8.5 

(30.9 percent), and vehicle hesitations (27.1 per
cent). Only 16 pedestrian runs and 6 vehicle swerves 
were observed during the 573 hr of data collection. 
Vehicle hesitations were more prevalent in the far 
crosswalk than the near crosswalk (31.3 percent to 
19.4 percent) and pedestrian-vehicle interactions 
were more common on the near crosswalk than on the 
far crosswalk (41.7 to 33.6 percent). 

A comparison was also made between RTOR-related 
conflicts and RTOG conflicts for a sample of the 
data sites, as summarized in Table 5. The sample 
includes 37,962 right-turn vehicles, of which 1,488 
(3.9 percent) illegally turned right on red and 96.1 
percent turned right on green. In terms of pedes
trians, 14.2 percent of RTOR maneuvers resulted in a 
pedestrian conflict compared with 19.5 percent of 
RTOG maneuvers that resulted in pedestrian con
flicts. However, an additional 126 RTOR maneuvers 
(B.5 percent) resulted in cross-traffic conflicts. 
Thus a total of 22.7 percent (14.2 + B.5) of illegal 
RTOR maneuvers resulted in a conflict, compared with 
19.5 percent of RTOG conflicts. Thus, although il
legal RTOR maneuvers result in a slightly higher 
rate of total conflicts than RTOG (22. 7 to 19.5 
percent), fewer pedestrian conflicts occurred with 
illegal RTOR maneuvers than with RTOG (14.2 percent 
compared with 19.5 percent). It should be mentioned 
that pedestrians may legally cross the street in the 
near crosswalk with RTOR and the far crosswalk with 
RTOG. 

Status of Violations to the Stopping Requ i rement at 
RTOR-Permitted Sites 

Data were collected at 29 RTOR-allowed approaches in 
the three cities relative to the frequency of vehi
cles making a full stop, rolling stop, or no stop 
when turning right on red, as summarized in Table 6. 
In addition, stopping data were also collected at 28 
stop sign locations for comparison purposes. A total 
of 4 hr of data were collected per approach, for a 
total of approximately 228 hr of data. Conflict data 
were not collected relative to stopping characteris
tics data. 

Pedestrians at 
Near Crosswalk 

No. Percent 

39 5.1 
17 5.1 
20 5.1 

76 5.1 

Pedestrians at 
Far Crosswalk 

No. Percent 

60 7.9 
57 17.1 
19 4.8 

136 9.1 

Pedestrians at 
Near Crosswalk 

No. Percent 

149 0.7 
87 1.0 
35 0.5 

271 0.7 

Pedestrians at 
Far Crosswalk 

No. Percent 

3,547 17. 6 
2,628 30.3 

690 9,0 

6,865 18.8 

For the 29 signalized appr oaches (with RTOR al
lowed), 26.2 percent of right-turn vehicles turned 
right on red overall, with a small variation between 
cities (from 24.2 percent in Dallas/Austin to 29.3 
percent in Washington, D.C.). Of all the vehicles 
turning right on red at the 29 approaches, 14. 8 
percent were recorded as no-stops ( turned as if a 
green light existed), 42.1 percent made rolling 
stops, and 43.1 percent made full stops. Thus 56.9 
percent (42.l + 14.8 percent) of motorists violated 
the RTOR law by not making a full stop before turn
ing right on a red signal. Of the 43.l percent full 
stops, 36.0 percent were forced to stop (i.e., by 
oncoming traffic or pedestrians) and 7.1 percent 
were voluntary stops. 

An analysis by city revealed that total viola
tions (no-stops plus rolling stops) were the highest 
in Washington, D.C. (with 61.4 percent of vehicles 
not fully stopping) and Detroit (59.l percent of 
vehicles not fully stopping), and lowest in Dallas/ 
Austin (50.3 percent of vehicles not fully stopping). 

The percentage of right-turning vehicles stopping 
at RTOR-allowed sites was compared with those at 
stop sign locations, because motorists under both 
situations are required to make a full stop and then 
turn right after yielding to pedestrians and cross
street traffic. Thus the relative magnitude of 
nonstopping motorists at RTOR-allowed locations 
could be discussed in terms of another type of traf
fic control. Such comparisons of compliance between 
RTOR-allowed sites and stop sign locations have been 
made in several previous RTOR studies. 

The overall violation rate (i.e., motorists not 
fully stopping) of right-turn vehicles was found to 
be 68.2 percent at stop sign locations compared with 
56 . 9 percent at the RTOR-permitted sites, a differ
ence of 11.3 percent. Rolling stops were higher at 
the stop sign locations (57.3 percent) compared with 
RTOR-allowed locations (42.0 percent). However, the 
percentage of no-stops was 14 . 8 percent at the RTOR
permitted locations, compared with 10.9 percent at 
the stop sign locations. 

The overall percentage of voluntary stops was 
approximately 7 percent at both the RTOR-allowed 

TABLE6 Summary of Data Collected at RTOR-Permitted and Stop Sign Approaches 

Stopping Violations (%) 
Right Stopping FuJI Stops(%) 
Turns RTOR RTOR Violations Total Rolling No No. of 

Approach per Hour per Hour (%) per Hour Violations Stop Stop Total Voluntary Forced Approaches 

RTOR-aJlowed approaches 
(total) 67.3 16.3 26.2 9.2 56.9 42.0 14.8 43.1 7.2 36.0 29 

Detroit 64.1 15.1 25.0 9.3 59.l 46.5 12,6 40.9 8.5 32.4 9 
Washington, D.C. 69.3 19.5 29.3 11.7 61.4 41.7 19.7 38.6 4.6 34.1 10 
Dallas/ Austin 68.0 14.1 24.2 6.7 50.3 38.4 11.9 49.7 8.7 41.0 10 

Stop sign approaches (total) 38.3 NA 27.1 68.2 57.3 10.9 31.8 7.1 24.7 28 
Detroit 59.3 NA 43.5 67.3 56.5 10.8 32.7 6.0 26.7 10 
Washington, D.C. 35.5 NA 22.5 63.0 49.5 13.5 37.0 10.1 26.9 8 
Dallas/Austin 19.5 NA 14.3 73.3 64.3 8.9 26.7 5.9 20.8 10 

Note: NA= not applicable. 
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sites and the stop sign locations. However, 36 per
cent of the RTOR motorists were forced to stop at 
the RTOR-allowed locations compared with 24. 7 per
cent at the stop sign locations, a difference of 
, , ... -- --- -L ' '1-L- .L1--L - .:l!tt::tt:: _________ tt:: .,, ... ----;--L 
.1...L•.J J::'C'L\,;CllL.• L'tUl..C '-,.lJQl.. Q U.1.J...LCLCIH..;C VJ.. .1..L•-' f:-'C'Ll,;CU\.. 

was also found between RTOR-allowed and stop sign 
approaches in terms of overall violations. This 
indicates that the slightly higher percentage of 
vehicles stopping at the RTOR locations ( 43 .1 per
cent) compared with the stop sign locations (31. 8 
percent) could be largely the result of more oppor
tunities for a rolling or no stop at the stop sign 
l oca t i ons. Thus it appears that there is little 
tllrferenee in driving behavior in terms of stoppiny 
compliance between the RTOR-permitted locations and 
the stop sign locations. 

The overall 56.9 percentage of vehicles not fully 
stopping (before turning right on red) is higher 
than t he 40 pe rcent f ound by Dav i s and Mullowney <il 
i n a 1983 study of in t ersections in New Jersey. Part 
of the differences could be slight variations in the 
definitions of a rolling or full stop, differences 
in site characteristics, or differences in motorist 
behavior at the New Jersey sites. However, a 1978 
study of 11 sites in Providence, Rhode Island, and 
12 locations in Springfield, Massachusetts, found 
that 65 and 28 percent of the motor i sts, respec
tively , did not stop before tu rn ing right o n r ed. 
The high compliance rate in Springfield was at
tributed tot.he newness of the RTOR maneuver and the 
sign reminding them to stop (!!_). Tn I! l9Rl study, 
Baumgaertner (}) found that 64.4 percent of drivers 
failed to stop in Maryland before turning right on 
red. Thus other recent stud ies h ave f ound rates o f 
nonstopping t o r ange fr om abou t 28 pe rcent t o 65 
percent, and the finding of 56.9 percent in this 
study falls within this range. It appears, however, 
that the percentage of nons t opping vehicles varies 
from city to city and may have changed in recent 
years. 

It should also be mentioned that conflict data 
we r e not collected r elat i ve t o stopping char acteris
tics of RTOR vehicles. The conflicts resulting from 
RTOR are highly dependent on pedestrian volumes, 
RTOR volume, side-street volume, and numerous loca
tional fac tors. Thus a direct comparison of con
flicts is not appropriate between RTOR-allowed and 
RTOR-prohibited sites, because sites may di ffer 
greatly in terms of pedestrian volume, RTOR volume, 
and so forth. I t is possible, howeve r , tha t a con
flict problem on an intersection approach may exist 
because of the failure of RTOR vehicles to make a 
full stop. The magnitude of this RTOR conflict prob
lem can only be determined on the basis of stopping 
characteristics data and corresponding conf lict data 
at a large number of sites with RTOR allowed (i.e., 
1 00 o r more) with a variety of site and volume con
ditions. 

Locational Factors Related to RTOR Violations 

The next phase of the study invol,ved determining 
geometric, traffic control, and other locational 
characteristics that are associated with high RTOR 
violation rates. The basic analysis approach for 
determining such related factors involved a safety 
engineering study of individual sites. This first 
involved ranking approaches by violation rate and 
then identifying common locational factors as
sociated with high and low violation sites. This 
ranking was generated first for the 110 sites with 
RTOR prohibition, and then a separate ranking was 
developed of the 29 RTOR- allowed s i t es. These two 
situations are discussed in the following sections. 
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Locational Factors for RTOR-Prohibited Sites 

Violation rates (turning right on red) at RTOR-Pro
hibited sites ranged from O to 25.6 percent. A dis
tr i out i on or the v101at1on rates or the llU sites 
was as follows: 

Violations (%) No. of Sites 
0-1 13 
1 - 2 21 
2-3 19 
3-4 11 
4- 5 6 
5-6 11 
6-8 7 
8-10 4 

10-12 7 
12-18 8 
18- 30 3 

The i:op 29 sites (26 . 3 pei:-cent) were found t .o have a 
violation rate greater t ·han 6 . 0 and were labeled a~ 
the high-violation group . A total of 34 sites (30.9 
pe rcent) had a violation rate of 2 percent or l es s 
and were labeled as the low-violation gi:-oup. 

Foe the locations in the high- and low-violation 
groups, factors were identified t hat wece related to 
high and low violations based on field inspections , 
a review of site diagrams , and a review of computer 
summaries of traffic ·data , signal dat-a, anci other 
infnrrnation at each site . Location factot~ were 
identif~ed as related to high violations if t hey 
were routinely found in t he high-violation group but 
not in the low~vtolation gi:oup. 

Ti:affic and roadway factors found to be typically 
associa ted with high v iolation rates include the 
following vadables ( indiv idually or in various 
combinations ): 

1. Confusing or inappropriate partial prohibi
tion signs [i.e., NTOR-SCHOOL DAYS ONLY sign located 
neat a university, because motoi:ists are not sure 
whether classes are in session on Saturdays, during 
summer sessions, and so forth1 another NTOR sign 
near an elementary school prohibited RTOR during 
times aftei: children had already ai:rived at school 
(9:00 a.m. to 2:00 p.m.) and ended before children 
left for home in the afternoon] 1 

2. NTOR signs that are located on the far side 
or a r e inconspicuous to the motor is t s, par t i cular ly 
when placed on the far side accoss wide streets, 

3. Combinations of low cross-street volume and 
low pedestrian volumes, 

4. Approaches with easy i:ight-tutn maneuvers or 
right turns le~R than 90 degrees such as at Y'-inter
sections, pai:ticularly with low conflicting move~ 
mentsi 

5. Long cycle lengths that tesult in excessive 
waiting time for right-turn motorists, 

6. High- speed ramps that focm a T- i nte r sect i on 
with a low-volume cross sti:eeti 

7. Wide one-way streets on the cross street 
with low volume in the curb lanei 

8. Confusing, multileg intersection approaches 
or approaches with an offset cross stceeti 

9. Approaches where RTOR pi:ohibition does not 
appear to be justified for some oi: all pei:iods of 
the day because of low traffic volumes and little ot 
no pedesti:ian ti:affic1 and 

10. Low right-turn volume per houi:. [However, 
this is somewhat misleading because the percentage 
of violations is the total RTOR vehicles divided by 
the right-turn vehicles (including RTOG). As right
turn volume increases, a higher percentage of right
turn vehicles are trapped second, thitd, or fourth 
in line and cannot physically make an RTOR.] 
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The intersection approaches with low RTOR viola
tion rates were also studied to determine related 
factors. The factors typically found at low-viola
tion sites included the following variables: 

1. Double NTOR signs located on the near and far 
sides, or NTOR signs that were located overhead or 
in a conspicuous location for stopped motorists; 

2. High pedestrian volumes in either the near or 
far ~rosswalk (reduced opportunity for an RTOR); 

3. High cross-street volume ( reduced number of 
gaps and lower opportunity for an RTOR) 1 

4. Crosswalk set back from the intersection 
farther than normal, combined with high pedestrian 
volumes; 

5. Short signal cycle length; 
6. A sharp right-turn maneuver (greater than 90 

degrees) combined with poor sight distance; 
7. High right turns per hour (however, this is 

misleading, as discussed previously); and 
8. A cross street with on-street parking on the 

right, which forces an RTOR vehicle to make a wide 
turn beyond parked cars. 

These results appear to indicate that motorist 
violations to NTOR signs are high when the signs are 
obscure or when it is not obvious to the driver why 
RTOR is prohibited (i.e., low pedestrian and cross
street volume and good sight distance). Drivers are 
particularly likely to run an NTOR sign at sites with 
long cycle lengths (when waiting time may be long). 
Some of the factors in the previous list were found 
to be useful for developing countermeasures. 

Consideration was given to conducting more formal 
statistical analysis techniques to further support 
the factors that are associated with high and low 
violation rates. A branching analysis was conducted 
to identify roadway variables (independent vari
ables) that account for the largest amount of ex
plained variance in the violation rate (dependent 
variable). In addition to the branching analysis, 
preliminary Pearson correlation analysis and analy
sis of variance (ANOVA) tests were conducted. How
ever, correlation coefficients were low (less than 
0.3) for individual variables, and the ANOVA test 
required a larger data base of approaches to control 
for the interaction of traffic and roadway variables 
as they affect RTOR violation rates. It was evident 
that an engineering analysis of each approach was 
most useful in determining individual factors or 
combinations of factors that were related to high or 
low violation rates. 

Locational Factors for RTOR-Permitted Sites 

A detailed study was also made of traffic, geo
metric, and other factors at each of the 29 RTOR
permitted approaches to identify factors related to 
stopping violations (i.e., not making a full stop 
before turning right on red) • At the 29 signalized 
approaches with RTOR permitted, no-stops ranged from 
zero to 45. 2 percent, and total stopping violations 
(no stops plus rolling stops) ranged from 21.2 to 
88.9 percent. One approach that had a sign posted 
RIGHT TURN ON RED ALLOWED AFTER STOP experienced 
26. 7 percent no-stops and 68. 6 percent total stop
ping violations, compared with an overall average of 
the 29 sites of 14.8 percent no-stops and 56.9 per
cent total violations. It is possible that the sign 
had an effect of increasing stopping violations at 
the site, although insufficient data existed to 
verify this. 

Locational factors found to be associated with a 
high rate of stopping violations included 
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1. Good sight distance with low pedestrian vol-
ume and low cross-street volume; 

2. High right-turn volume; 
3. Low pedestrian volume; 
4. Low cross-street volume; 
5. Unusual signal timing, such as split phasing, 

which minimized or eliminated conflicting traffic 
for part of the red interval; 

6. Offset cross street (which lowered or delayed 
conflicting traffic and increased the opportunity 
for an RTOR rolling stop or no-stop); and 

7. Nearby signalized intersection on the cross
street upstream, which created artificial gaps in 
cross-street traffic and provided greater opportuni
ties for RTOR rolling stops or no-stops. 

The factors found to be associated with low stop
ping violations at RTOR-allowed approaches included 

1. High cross-street volume; 
2. Poor sight distance (i.e., on-street parking 

on the cross street to the left of the approaching 
right-turn motorists); 

3. High speed of cross street; and 
4. High pedestrian volume. 

These resuits indicate that drivers were more 
likely to comply with the stopping requirement when 
forced to do so (i.e., high pedestrian volume or 
cross-street traffic). Also, poor sight distance was 
a factor associated with high compliance, because 
drivers often made a full stop to look for cross
street traffic. During intervals of little or no 
pedestrian or conflicting traffic (such as with 
special signal phasing), motorists were less likely 
to make a full stop before turning right on red. 

More formal statistical analysis techniques were 
not used for identifying related factors, because 
such analyses are not particularly appropriate for 
relatively small sample sizes of this type. The 
factors in the previous list were considered for 
development of possible countermeasures relative to 
RTOR stopping violations, as discussed in the next 
section. 

SELECTION OF CANDIDATE COUNTERMEASURES 

The factors related to high and low RTOR violations 
were studied and then grouped into corresponding 
high- and low-violation categories (Table 7). For 
example, one of the factors related to high viola
tion of NTOR signs was long cycle length (excessive 
delay to right-turn motorist) • A corresponding fac
tor related to low violation rates was short cycle 
length. Thus, by grouping these factors, candidate 
countermeasures were developed, such as improving 
signal timing or installing traffic actuation de
vices. 

As noted in Table 7, seven basic situations were 
found for which countermeasures could be proposed. 
Four of these situations related to violations of 
RTOR prohibitions and three involved the incidence 
of stopping violations (vehicles not making a full 
stop before an RTOR maneuver) where RTOR is allowed. 
For several of the violation causes, countermeasures 
were suggested that either may have an effect on the 
violation rates or may reduce the degree of hazard 
resulting from the violations. For example, for RTOR 
violations that involve not making full stops before 
turning right on red, countermeasures that may re
duce the danger of such violations may include 

1. Relocating the crosswalk farther from the 
intersection, 

2. Warning 
danger through 

pedestrians of possible right-turn 
the use of WALi{ WITH CARE pedestrian 
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TABLE 7 Summary of Development of Candidate Countermeasures Based on Factors Related to RTOR Violations 

High/Low 
Situation 

2 

4 

6 

Type of 
Violation Problem 

RTOR where prohibited 

RTOR where prohibited 

RTOR where prohibited 

Stopping violations where RTOR 
allowed 

Stopping violations where RTOR 
allowed 

Stopping vi olutions wh ere RTOR 
allowed 

Factors Related to High 
RTOR Violations 

NTOR signs located on far side 
or inconspicuous to the 
motorist 

Confusing or inappropriate 
partial prohibition signing 

Long cycle lengths (excess 
waiting time for right-tum 
motorists) 

Unusual signal timing 

Good sight distance 

High right-turn volume, ]ow 
pedestrian volume, or low 
c.:ross-street voJu me 

Factors Related to Low 
RTOR Violations 

Double NTOR signs located on 
near and far side, or NTOR signs 
that are located overhead or in a 
conspicuous location for stopped 
motorists 

Clear and visible NTO R signing 

Short signal cycle lengths 

C1ln;:swi:1lk :sd baL:k from inter
section farther than normal 
combined with high pedestrian 
volumes 

Lack of opportunity because of 
consistent traffic flow on cross 
street 

Poor sight distance 

Low right-turn volum e, high 
pedestrian volume, or high 
cro ss-street volume (or speed) 

I. Illuminate NTOR sign 
2. Increase sign sjze t o improve 

visibility 
3. Relocate signs to near signal 

placement 
4. Use double NTOR signs for 

redundan cy 
5. Use NTOR signs with red ball 
6. Advanced warning of NTOR 
7, Remove roadside clutterfto make 

NTO R sign more conspicuous) 
8. Provide or improve intersection 

lighting 
I. Prohibit RTOR only during the 

hours of heavy pedestrian travel 
2 . Use full RTOR prohibition on the 

approach 

~- ~~er.v~r!~1~_1_~-~~~~~~g~ ~':~~ 1~i_gn s 
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activated only during periods 
when RTOR is prohibited 

I. Improv e pedestrian signal display 
2. Rctime the traffi c signal to pro

vide better operations 
3. Install presence detectors at traf

fic-actuat ed approaches to provid e 
more effi cient signal o peration 

4 . Remove unwarranted traffic 
signals 

i. Reiocate crosswaik 
2. Offset or angled stop bar 
3. Special pavement marking in 

crosswalk 
I . Install fla shing red right turning 

arrow t o enco urage full stop 
2 . Install NTOR sign if warranted 
3. R etime traffic signal 
4 . Install part-time RTOR prohibi

tion sign or variable message 
NTOR display 

5. Install RIGHT TURN ON RED 
AFTER STOP sign to encourage 
full stops 

6. Use special pedestr ian signal dis
play (i.e. , WALK WITH CARE 
signal message during the WALK 
interva l) 

7. Install special pavement markings 
in crosswalk (i.e., LOOK FOR 
TURNING VEHICLES) 

I . Install RIGHT TURN ON RED 
AFTER STOP sign t o encourage 
full sto ps 

2_ In sta ll YIELD TO PEDESTR IAN 
sjgn 

3, Relocate crosswalk farther from 
intersect ion 

l. Install RIGHT TURN ON RED 
AFTER STOP sign to encourage 
full sto ps 

2. Install NTOR sign if warranted 
3. Install part-time RTOR-prohibi

tion sjgn or variable-message 
NTOR di splay 

4. Install YI E LD TO PEDESTRIAN 
sign 

5, Install PEDESTRIANS WATCH 
FOR TURNING VEHI CLES sign 

6. Use special pedestrian signal dis
play (i ,o,, WALK WITH CARE 
signal message during the WALK 
interva l) 

7. Rctim e t raffic signal 
8. Remove unwarrant ed traffic signals 
9. Reloca te crosswalk further from 

intersect ion 
I 0. Use special pavement marking in 

crosswalk (i.e. , LOOK FOR 
TURNING VEHICLES) 

11 . Construct pedestrian overpass or 
und erpa ss 

12. Constrnct separate right-turn lan e 

Nok: Thc counterm t!asures in this tahlc were intendelJ to conesponll to traffic e ngineering trea tments (i.e. , imrrovement of t raff~c c<:»ntrol devices .or tran ~porl :ttio n_ faciliti t!s ). It is 
recognized thot provision of sclc,.: Livc rolkc enforcement um.I u5c of puhJic education pro1,1rams may also bi.: of consfrlerabll• hcncf1t with ri.:spccr to 1mprovinJ!. L' Ompli.11ir.:l' ,rnd uuJcn,tanJ
ini;. or both or RTOR requirements and r.JL·viccs. 

iii 
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signals or LOOK FOR TURNING VEHICLES pavement mark
ings, and 

they relate to signs, signals, pavement markings, 
design treatments, or other types of countermeasures. 

3 • Constructing a pedestrian overpass or under
pass to physically separate pedestrians and motor
ists. 

Although RTOR motorists should yield to pedes
trians, pedestrians should also be alert whenever 
crossing the street, because the pedestrian is usu
ally the one who is injured in the event of a vehi
cle-pedestrian accident. Thus some of the counter
measures listed in Table 7 are intended to reduce 
violations related to RTOR, and other countermea
sures are intended to reduce the potential hazard of 
RTOR maneuvers (either legal or illegal). 

For each countermeasure, a description is given 
along with comments and an indication regarding 
whether the countermeasure was selected for field 
testing. Many of these countermeasures may relate 
not only to RTOR and RTOR-pedestrian accidents, but 
to pedestrian accidents in general. A few of the 
countermeasures (i.e., eliminating unwarranted 
signals and retiming signals) may also affect other 
types of accidents (rear end, right angle, and so 
forth) and intersection operations (delay, con
gestion). 

SUMMARY OF FINDINGS AND CONCLUSIONS 
Based on all of the sources discussed previously, 

3 0 potential RTOR-related accident countermeasures 
were devised (Table 8) • These were categorized as 

The purpose of this analysis was to conduct observa
tional studies at signalized intersections to deter-

TABLE 8 Countermeasures Developed for RTOR 

Category 

Signing 

Device 

Full prohibition of RTOR 

Partial prohibition of RTOR 
for certain Janes or during 
specific times of the day 

YIELD TO PEDESTRIAN sign 

Illuminate NTOR sign 

Larger NTOR sign 

Near-signal placement of 
NTOR sign 

Redundant NTOR signs 

RIGHT TURN ON RED 
AFTER STOP sign 

NTOR sign with red ball 

Advance warning of NTOR 

Selected 
for Field 

Description Study 

Install NTOR sign at locations with high No 
traffic or pedestrian volumes, poor sight 
distances, at school crossings, or where 
other such factors influence the safe 
RTOR maneuver 

Install special signs that prohibit RTOR Yes 
for certain times (7 :00 a.m. to 7 :00 
p.m.), days (school days), conditions 
(when children are present), seasons 
(September to June), lanes (NTOR, 
except curb Jane), or other factors 

Install a yield sign directed at turning No 
motorists advising them to yield right-
of-way to pedestrians 

Illuminate the NTO R sign for increased No 
visibility; this could be accomplished by 
using an illuminated case sign (internal 
source) or external lighting 

Use an NTOR larger than the current Yes 
MUTCD standard of 24 x 30 in. or 
24 X 24 in. 

Install NTOR sign on span arm, span wire, No 
or signal pole near the signal head where 
motorist tends to look 

Install two or more NTOR signs on both No 
posts (near or far side) and overhead to 
increase visibility of sign 

Install a sign that reminds motorist to No 
come to a complete stop before turning 
on red 

Install a modified NTOR sign with a Yes 
red ball in the center to draw attention 
to the sign 

Install a sign in advance of the intersec- No 
lion to warn motorists that there is an 
RTOR prohibition at the next inter-
section 

Comments 

There are some locations where RTOR 
maneuvers are unduly hazardous; although 
the MUTCD has guidelines on the a pplica
tion of NTOR signs, they are general and 
prone to a wide variety of interpretations; 
this leads to a nonuniform application of 
RTOR prohibitions; because conditions 
may change based on time of day, day of 
week, and season, a full-time prohibition 
may not always be warranted at a site 

Because conditions may change at a site (by 
time of day or day of week), the prohibi
tion should ideally only cover those times 
and conditions where warranted ; however, 
some of the legends may require special 
knowledge by the motorists (school days), 
require motorists to drive "with one eye on 
the clock," or may be difficult to read 

This device was tested in a previous FHWA 
study on pedestrian signalization alternatives 
and was found to be effective in reducing 
total right-turn conflicts with pedestrians 

Designed for areas where there is a nighttime 
RTOR-related problem or where no inter
section lighting exists or both 

NTOR sign should ideally be placed near 
the signal; it is applicable for near signal 
placement when the signal is located on the 
far side of a wide street or is otherwise di[
ficult to read; it may be particularly helpful 
in cities or locations where overhead sign 
placement is not possible 

MUTCD guidelines for NTOR sign placement 
state that signs should be located adjacent 
to the signal face to which they apply; many 
communities do not follow these guidelines 
and have the sign post mounted at the 
corner of the intersection 

Although this countermeasure is applicable 
for some locations with high violation 
rates, high conflict rates, or poor sign 
visibility, redundant sign placement should 
be minimized 

This device is intended to remind the driver 
to come to a full stop before making the 
RTOR maneuver, or to encourage more 
RTOR maneuvers where motorists are 
hesitant (and there are no conflicting pe

dcstrinn crossings or cross·stTC)et traffic) 
A ~ign with u rt',I ball may catch the 111otor

is1's eye belier: this device is currently ijSCd 
in some cities 

This allows advance warning of conditions at. 
the intersection and is consistent with 
posit ive guidance concepts: this sign may 
only ndd lo the visual clutter or the road· 
side and m3y have min·imal effect for those 
stopped at the signal 
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TABLE 8 Continued 

Signing, continued 

Signals 

Pavement markings 

Electrical or mechanical 
variable message NTOR sign 

PEDESTRIANS WATCH FOR 
TURNING VEHICLES warning 
sign 

Special pedestrian signal dis
play (WALK WITH CARE) 

Retime traffic signal 

Traffic-actuated signal 

Remove unwarranted traffic 
signals 

Flashing red right-turn arrow 

NTO R signal installed in 
pedestrian signal hardware 

Relocate crosswalk farther 
from intersection 

Offset or angled stop bars 

Install signs that can display different 
messages for different signal intervals, 
times of day, or days of week 

Install a warning sign directed toward 
pedestrians to warn of turning vehicles; 
this device supplements pedestrian signals 

Use a three-head signal that has a WITH 
CARE or other indication in yellow 
displayed during the WALK interval 
to warn of possible conflicts (i.e., 
WALK WITH CARE) 

Selected 
for Field 
,.nu.uy 

Yes 

No 

No 

Retime signal to reduce the conflicts No 
and minimize delay; options include 
improved timing to accommodate flows, 
special pedest rian phasing, or use of 
multiphase operation 

Use presence detectors to determine the No 
right-turn demand and actuated signals 
to accommodate the demand and reduce 
the number of RTORs 

Remove unwarranted signals and replace No 
with other types of traffic control 

Install a flashing right-turn arrow to en- No 
courage motorists to come to a full stop 
before turning right on red 

Install an illuminated signal directed at No 
motorists in pedestrian signal hardware 
to prohibit RTOR 

Move the crosswalk farther from the No 
intersection to increase visibility of 
pedestrians 

Angle or offset the stop bar so that Yes 
drivers in the middle lanes are stopped 
farther back from the intersection than 
right-turn vehicles in the curb lane 

This device has two applications: (a) pro
hibit RTOR during portions of the day 
that have high pedestrian volumes or cross
street volumes, or (b) prohibit RTOR dur
ing portions of a cycle where a protected 
movement may conflict with the RTOR 
(such as an opposing protected left-turn 
maneuver); a blank-out display would avoid 
confusion when the message is not needed 
Ul u[ite1 safely 111e,sages CUUh] UO disvlayed; 
the cost for this device is expected to be 
high 

This sign will not affect motorist behavior 
and is only applicable to pedestrians cross
ing the street; this may lead to additional 
visual clutter and is not effective for small 
children who cannot read; this device was 
tested in a previous l'HWA study on pedes
trian signalization alternatives and was 
found to be effective in reducing right-turn 
conflicts 

Special signal indications can be provided to 
remind the pedestrians to watch for turning 
vehicles; this type of device should only be 
used at locations where a known or poten
tially hazardous pedestrian problem exists, 
because overuse of such device could re
sult in reduced effectiveness; this device 
w::1s testerl in ::i previous FHW A study on 
pedestrian sign aiization airernatives and 
was fo unt! lu be effective iil reducing right
turn pedestrian conflicts 

This is applicable to locations with high 
volumes of vehicle and pedestrian traffic, 
where turning movements are high, and 
where congestion is a problem; exclusive 
pedestrian crossing intervals, which have 
been noted to be related to lower pedes
train accidents, also increase delay and 
congestion to pedestrians and motorists 

May be applicable to some intersections with 
heavy right-turn demand 

Motorists lose respect for unwarranted 
signals, thereby increasing violations; many 
communities have begun programs to re
move unwarranted signals where they no 
longer meet the warrants; although this 
may have the benefit of improving flow, 
reducing operating costs, and saving energy, 
pedestrians must cross the street without 
signal assistance 

The flashing red arrow has been used in the 
past for right- and left-turn-on-red situations 
to stress the need for stopping before mak
ing an RTOR; this would require an extra 
signal lens; it may not convey a clear and 
simple meaning to all motorists and would 
1ey_uii e FH\.VA approval befc,rt; use; it is 
currently not in the MUTCD 

This device uses existing pedestrian signal 
hardware (with a different lens) to display 
a blank-out or an NTOR indication to 
motorists; applicable for partial RTOR 
prohibitions; blank-out device minimizes 
confusion during RTOR-allowed periods 

Moving the stop bar and crosswalk farther 
from the intersection may discourage 
RTOR and increase the visibility of pe
destrians; however, motorists failing to 
stop at the stop bar will block the cross
walk; this device may result in less sight 
distance of cross-street traffic and may 
encourage jaywalking 

For sites where RTOR is allowed; applicable 
to multilane approaches where there is a 
high incidence of truck and bus traffic that 
obstructs the drivers' view; allows the 
RTOR vehicle to see cross-street traffic and 
pedestrians for a safer turn; the effective
ness may be reduced if vehicles in the mid
dle lanes do not observe the offset stop bar 
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TABLE 8 Continued 

Category 

Pavement markings 
continued 

Design 

Other 

Device 

Pavement marking 

Pedestrian barriers 

Pedestrian overpass or 
underpass 

Far side bus stops 

Eliminate parking near the 
intersection 

Separate right-turn Jane 

Intersection lighting 

Education campaign 

Clear roadside clutter 

Selective traffic enforcement 

Selected 
for Field 

Description Study 

Pavement marking message in crosswalk Yes 
to remind pedestrians to watch for 
RTOR vehicles (i.e., LOOK FOR 
TURNING VEHICLES) 

Install barriers to channelize pedestrians No 
to the crosswalk, thereby minimizing 
the conflict area 

Grade separation of pedestrians and No 
motorists to eliminate conflicts 

Allow buses to stop to drop-off and No 
pick-up passengers only after crossing 
the intersection 

Remove on-street parking near the inter- No 
section on either side or both sides of 
the street 

Provide a separate Jane for right turns No 
and thus increase the opportunities for 
vehicle to make an RTOR 

Illuminate the intersection to provide No 
better visibility of pedestrians at night 

Educate the public by using various forms No 
of media to increase awareness and to 
teach proper understanding of RTOR 

Remove roadside items to increase motorist No 
visibility of pedestrians and traffic control 
devices 

Enforce violations of the NTOR sign and No 
the requirement to complete a full stop 
before turning right on red where per-
mitted; other pedestrian and motorist 
Jaws can also be enforced simultaneously 
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Comments 

The message is not visible to the motorist 
and will have no effect on driver reactions; 
installing pavement markings could create 
a slick surface for pedestrians unless a 
textured surface is used 

The pedestrian barrier is also expected to re
duce other types of pedestrian accidents, 
particularly dart-out and jaywalking-related 
accidents; however, barriers may cause dif
ficulty in accessing parked vehicles along 
the curb, may be unsightly, and may create 
another roadside obstacle 

Applicable to wide, high-speed intersections 
with safety problems; very expensive coun
termeasure, and the cost cannot be justified 
based on RTOR accidents alone; there may 
also be difficulties in accommodating 
elderly and handicapped pedestrians and 
bicyclists 

Applicable where RTOR is allowed; elimi
nates congestion at the approach but may 
create a sight obstruction; far side bus stops 
are being used by many transit agencies to 
reduce intersection delays 

On-street parking poses a site obstruction 
when near the crosswalk; this countermea
sure may reduce other types of accidents 
at the intersection and may also increase 
capacity; however, it reduces parking 
availability; parking restrictions must be 
enforced to be effective 

Applicable to sites with high volumes of 
right-turn traffic; increases the use of 
RTOR where RTOR is allowed; reduces 
intersection delay and increases capacity 

Applicable to locations with high nighttime 
pedestrian volumes and where nighttime 
safety problems exist; may reduce other 
types of nighttime accidents at the inter
section and may be useful in reducing crime 
at night 

Educational campaigns can be directed at 
both the motorists and pedestrians related 
to RTOR safety and other safety issues; 
educational programs may not reach all 
individuals and may not have lasting impact; 
difficult to evaluate, especially relative to 
RTOR 

Removing all but essential roadside items 
should improve the motorist's ability to 
perceive pedestrians and traffic control de
vices and reduce distractions; may reduce 
other types of intersection accidents and 
improve aesthetics 

Enforcement or police presence near the in
tersection may reduce other violations; ef
fectiveness may diminish once the police 
leave, because manpower is limited in most 
agencies; police time may be better spent in 
other areas of traffic enforcement or crime 
protection 

mine current motorist compliance to RTOR prohibition 
and the requirement to make a full stop before turn
ing right on red (where permitted), Traffic, geo
metric, and other physical site characteristics were 
collected in Detroit, Washington, D.C., and the 
Dallas/Austin area, and an in-depth engineering 
study was conducted at each of 110 intersection 
approaches where RTOR is prohibited. Data were also 
collected at 29 RTOR-allowed intersection approaches 
and 28 stop sign approaches relative to stopping 
characteristics (i.e., percentage of full stops, 
rolling stops, and no-stops of RTOR vehicles). Then 
locational factors were identified relative to high 
and low violation rates. The following is a summary 
of key findings and conclusions: 

1, Overall, only 3.7 percent of all right-turn
ing drivers violate the RTOR prohibition signs, 
based on a sample of more than 67,000 drivers. How
ever, of those motorists given an opportunity to 
commit an RTOR violation, about 20 percent of them 
violate the NTOR sign. 

2. Of the drivers who commit an RTOR violation, 
about 23.4 percent of them result in conflicts with 
pedestrians or cross-street traffic. However, less 
than l in 100 of the total right-turn vehicles is 
involved in an RTOR-related conflict. 

3, At a sample of RTOR-prohibited sites, 22, 7 
percent of the illegal RTOR maneuvers resulted in a 
conflict with cross traffic or pedestrians. However, 
only 14.2 percent of RTOR maneuvers resulted in a 
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conflict to pedestrians, compared with 19. 5 percent 
RTOG maneuvers that involve a pedestrian conflict. 

4. Of the 29 intersection approaches with RTOR 
allowed, 26. 2 percent of right-turn vehicles turned 
right on red. Of the vehicles turninq riqht on red, 
the violation rate (not making a full stop) was 56.9 
percent. This rate was higher for Washington, n.c. 
( 61. 4 percent ol' vehicles not fully stopping) and 
Detroit ( 59 .1 percent) , compared with Dallas/Austin 
(50.3 percent). 

5. The overall violation rate (percent not fully 
stopping) at the 28 stop sign approaches was 68.2 
percent compared with 56. 9 percent for signalized 
approaches wi th RTOR allowed , a difference of 11,3 
percent. However, 36 percent of vehicles were found 
to stop at RTOR-allowed approaches compared with 
24.7 pe rcent at stop sign locations. Thus the 11 
percent higher violation rate at stop sign locations 
may be at least partly explained by the greater per
centage of opportunities for a rolling stop or no
s top. 

6. Examples of physical site factors found from 
in-depth site studies to be related to high RTOR 
violation rates include confusing or inappropriate 
partial prohibition signs: far side or inconspicuous 
NTOR signs: long cycle lengths: confusing multileg 
intersection approaches: unjustified RTOR prohibi
tion; split-phasing of the signal, which creates low 
opposing traffic for RTOR maneuvers; and combina
tions of a low volume or high speed of cross-street 
traffic and low pedestrian volumes. 
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