
Wrong-Way Driving Accidents Are Reduced 
THOMAS N. TAMBURRI, California Division of Highways 

This report describes the circumstances surrounding wrong-way 
driving on California freeways and expressways. It provides 
some insight into the biographical background of the wrong-way 
driver. Data concerning observed wrong-way driving incidents 
during three separate 9-month periods were furnished by traffic 
enforcement officers. In addition, 168 wrong-way drivers were 
interviewed. 

The effectiveness of various preventive devices installed on 
California freeways and expressways was tested. The before and 
after study method was used; using both incidents of wrong-way 
driving and wrong-way driving accidents. Reported incidents 
were also used to measure the efficacy of various off-ramp types 
in preventing wrong-way entry. 

• THERE ARE in California 2,600 miles of freeways and 600 miles of expressways. 
These highways carried approximately 35 billion vehicle-miles of travel in 1968, a 
third of all travel in California. With this large amount of travel, some careless or 
inattentive motorist occasionally finds himself driving on the wrong roadway. 

Before devices described in this report were installed, 69 persons were killed 
(1965) in freeway wrong-way driving accidents-10 percent of the freeway fatalities. 
Sixty-nine were killed in 1968 also, but if the mileage wrong-way fatality rate had con
tinued, 150 persons would have died in such accidents in 1968. 

As early as 1960, it became apparent that wrong-way driving was to become a sig
nificant factor in freeway and expressway safety. A pilot study called Phase I (1) in 
1961 indicated that pavement arrows might help. Small white arrows were painted at 
the cross-street terminal of all off ramps. A second, more comprehensive study called 
Phase II (4) indicated that the arrows reduced wrong-way driving 17 percent, with the 
reduction o ccurring in daylight hours. 

More significantly, the Phase II study gave considerable insight on where, when, 
and how the driver was making his error. One of the primary findings was that ap
proximately half the wrong-way entries to freeways and expressways were occurring 
at off ramps and at expressway grade intersections. As a result, the following pre
ventive devices were installed during 1965 and the early part of 1966: 

1. At Off Ramps (3 devices)-(a) A pair of 36- by 21-in. white-on-red WRONG WAY 
signs (Fig. 1) with (b) a pair of 36- by 36-in. black-on-white DO NOT ENTER signs 
(Fig. 1) and (c) 24-ft white painted pavement arrows (Fig. 2). 

2. At On Ramps (2 devices)-(a) A pair of 36- by 21-in. white-on-green FREEWAY 
ENTRANCE signs (Fig. 3) and (b) white painted pavement arrows to be visible from 
the local road. Figure 4 shows the entire package for the on and off ramps. 

3. At Transitions From Undivided Roads to Freeways or Expressways (4 devices)
(a) A large 48- by 72-in. black-on-white KEEP RIGHT sign (Fig. 5) in the median 
gore facing approach traffic; (b) a 48- by 48-in. black-on-white DIVIDED ROAD sign; 
(c) a pair of oversize 72- by 72-in. black-on-white DO NOT ENTER signs with oversize 
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72- by 22-in. white-on-red WRONG WAY 
signs; and (d) several 24-ft long white 
painted pavement arrows facing both the 
wrong-way driver and indicating the cor
rect path to follow. 

4. Transitions From Freeways to 
Expressways (2 devices)-The oversize 
DO NOT ENTER and WRONG WAY signs 
at the first median crossover or grade 
intersection before the freeway. 

5. On Expressways (1 device)-The 
large painted pavement arrows at all 
grade crossings and at median cross
overs. 

6. On Freeway Lanes (1 device)
Raised retroreflective lane markers on 
all freeways and on most expres11ways 
(these markers reflectwhite toright-way 
drivers and red to wrong-way drivers). 

In addition to these devices that were 
installed statewide, special devices (Fig. 
6) were installed in District 04, com
prising the nine counties around San 
Francisco Bay. These were white-on
red 60- by 36-in. GO BACK-YOU ARE 
GOING WRONG WAY signs immediately 
before (with respect to the wrong-way 
driver) the ramp-freeway nose, and 
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Figure 1. Off-ramp black-on-white sign aug
mented with white-on-red sign. 

raised red retroreflective marker arrows on each off ramp. All signs, arrows, and 
pavement markers were reflectorized. Specifications for most of the signs and arrows 
are included in another report ( 4). 

It was hypothesized that the special signs would cause a further reduction in both 
day and night accidents and the special arrows would have an additional benefit at night 
only. After the devices were installed, Phase m was started. Its objectives were (a) 
to determine the effectiveness of the remedial measures, (b) to identify off-ramp types 
least susceptible to wrong-way entry, (c) to determine what specific ramp and cross
street geometry and traffic control measures are most effective in preventing wrong
way entry, and (d) to obtain more data on wrong-way driver characteristics and the 
circumstances surrounding the driver's mistake. 

Figure 2. Newer style of white pavement arrow. 
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Figure 3. On-rampwhite-on-green freeway en
trance signs. 

AB a part of each phase, observed in
cidents of wrong-way driving were re
corded on special reports by enforcement 
officers of the California Highway Patrol 
and the police of Los Angeles, San Diego, 
Long Beach, and Riverside (except that 
only the highway patrol reported during 
Phase I). Each incident study lasted 9 
months, except that the California Highway 
Patrol was requested to start a month 
earlier in the last phase to test proce
dures used in a special nine-county wrong
way dr iver interview study . In addition, 
research personnel created an incident 
report for each accident report r eceived 
without an incident form. 

Driver interviews were conducted by 
specially trained driver-improvement 
analysts. For each of the interviewees 
and for at-fault drivers involved in acci

dents for a 1-year period, additional biographical data were obtained from accident 
and driver-violation records and from criminal and medical records. 

A movie camera survey of 90 ramps to determine the effect of ramp and cross
street geometry and traffic control measures is still under way (March 1969) and will 
be repor ted later. 

INCIDENT STUDIES 

The following number of wrong-way driving incidents were reported for the three 
phases: 

Conventional 
Phase Freeways Expressways Roads Total 

I 312 187 243 742 
II 451 167 97 715 

III 379 79 66 524 

Total 1,142 433 406 1,981 

Figure 4. Example of both types of signs: off-ramp wrong-way signs and on-ramp freeway entrance 
signs. 
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Figure 6. Special devices illuminated by wrong-way vehicles during the nighttime on off ramps. 
These include white-on-red GO BACK-YOU ARE GOING WRONG WAY signs, DO NOT ENTER

WRONG WAY signs, and raised red retroreflective marker arrows. 
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HOUR OF DAY 

In Phase I, conventional roads were 
not classified as to weather, sobriety, 
time, or other conditions. The of
ficers were not required to report in
cidents on conventional roads but 
some reporting was done anyway. 
Where specific data were available, 
they were included with the freeway 
and expressway information. 

The 524 reports received in the 
Phase ID study were compared with 
1,214 incident reports of the Phases I 
and II studies to see if changes in 
wrong-way driving population char
acteristics had occurred because of 
the preventive measures instituted 
immediately before Phase ID. The 
243 reports received on conventional 
roads in Phase I could not be used in 
the comparison because of incomplete 
data. The comparisons are listed 
below: Figure 7. Hourly distribution of wrong-way driving 

incidents. 
1. Time of Day-There was a de

crease in wrong-way driving except 
for the 2:00 a. m. to 4:00 a. m. pe

riod. Figure 7 shows the hourly distribution of the incidents. 
2. Monthly Distribution-This comparison is not sllOwn because identical calendar 

months were not used for the three phases. 
3. Day of Week-There was a slight increase in the percentage of wrong-way driv

ing on the weekends (Friday, Saturday, and Sunday): 

Phases I and II Phase ill 

Day of Week No. Percent No. Percent 

Sunday 196 16.2 106 20.3 
Monday 157 13.0 72 13.7 
Tuesday 166 13.7 55 10. 5 
Wednesday 138 11.4 60 11.4 
Thursday 189 15.6 57 10.9 
Friday 165 13. 6 82 15.6 
CJn+..'l ..... r1 .... TT 199 16.5 92 17 . 6 ._,U'-\.ol..&.-U..:J 

1, 210 100 . 0 524 100.0 

Not stated 4 0 

1,214 524 

4. Sex-There was no change in the distribution by sex: 

Male Female Not Stated 

Phase No. Percent No. Percent No. 

I and II 971 80 242 20 1 
Ill 413 79 109 21 2 
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5. Weather-There was no change by weather condition: 

Phases I and II Phase Ill 

Weather No. Percent No. Percent 

Clear 912 79.3 391 79.9 
Cloudy 133 11. 6 62 12.7 
Raining 61 5.3 21 4.3 
Snowing 5 0.4 0 0.0 
Fog 35 3.0 15 3.1 
Other 5 0.4 0 0.0 

1,151 100.0 489 100.0 

Not stated 63 35 

1, 214 524 

6. Light Condition-There may have been a slight proportional increase of wrong
way driving at night: 

Phases I and II Phase ill 

Light Condition No. Percent No. Percent 

Daylight 522 43 . 1 199 39.1 
Dusk or dawn 33 2.7 14 2. 8 
Dark, street lights 271 22.4 150 29 . 4 
Dark, no street lights 385 31. 8 146 28.7 

1, 211 100. 0 509 100.0 

Not stated 3 15 

1,214 524 

7. Sobriety-In terms of percentage, there has been a considerable increase in the 
amount of drinking in the wrong-way driving population . Most of the Phase ill drivers 
(54 percent) had been drinking 'VS 38 percent of the drivers in Phases I and II. 

8. Traffic Conditions-There was a large increase in the percentage of wrong-way 
incidents occurring on facilities with light traffic. This is probably due to the many 
miles of rural freeways completed in the time period between the two studies: 

Phases I and II Phase ill 

Traffic Volumes No . Percent No . Percent 

Light 507 44.3 225 57.1 
Moderate 545 47.7 131 33.2 
Heavy 91 8. 0 38 9. 7 

1, 143 100.0 394 100.0 

Not stated 71 130 

1, 214 524 
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9. Roadway Use-The only change appears to be an increase in the "had-been
drinking" driver in each category: 

Phase II Phase ill 

Driver Use Percent Who Had Percent Who Had 
of Road No. Percent Been Drinking No. Percent Been Drinking 

Regularly 146 25.0 53.7 111 28.6 65.7 
Occasionally 132 22.6 39.4 83 21. 4 49.4 
Rarely 158 27.1 32.3 105 27.1 43.7 
Never before 148 25.3 26.4 89 22.9 29.2 

584 100.0 46.9 388 100.0 57.0 

Not stated 130 136 

714 524 

10. Age and Sobriety-The mean age was 46.4 for the Phase m drivers and 47 .6 
for Phase II. Table 1 shows the amount of wrong-way driving by driver age. The 
number of registered drivers and average miles driven in each age group was intro
duced to determine a relative index of wrong-way driving based on travel exposure. 
The relative amount of wrong-way driving decreased, as age increased, to a low point 
(30 to 39 years) and then increased. Generally, younger drivers are less involved, 
and drivers over 50 are excessively involved on a mileage basis. On the basis of fre
quency, the driver under 50 is primarily involved. 

Table 2 shows by age group the percentage of wrong-way drivers who had been 
drinking. The percentage increased in all age groups. Figure 8 summarizes the age 
distribution of registered driver-miles (exposure), total wrong-way drivers, and had
been-drinking wrong-way drivers for Phase ill. 

DRIVER INTERVIEWS 

Phase ill wrong-way dl'iving incident rnports (224 incidents) for all drivers residing 
in a nine -county area (Alameda, Contra Costa, Los Angeles, Riverside, Sacramento, 

TABLE 1 

WRONG-WAY INCIDENTS BY DRIVER AGE 
(Freeway and Expressways-Phase ill only) 

Incidents Registered Average Drlversa Age Annual Miles 
Nu. P"rctmt No. (~ 10') Percent 

D:rivar.b 

16 to 20 19 4.2 0 . 922 9.3 7, 300 

21 to 24 31 6. 8 o. 892 9. 0 13, 700 

25 to 29 41 9.0 1. 121 11. 3 15, 200 

30 to 39 75 16. 4 2. 241 22.6 15, 900 

40 to 49 89 19. 5 2.122 21. 4 15, 000 

50 to 59 79 17. 3 1. 438 14. 5 13, 300 

60 to 69 65 14.3 0. 803 8.1 10, 400 

70 and over 57 12. 5 o. 377 3.8 6, 900 

Unknown 2 

TOTAL 458 100.0 9. 916 100.0 13. 40od 

aResearch and Statistics Section, California Department of Motor Vehicles. 
bAlbert Burg (8, p. 30), 

Exposure 
(BVM)C 

5. 05 

9.17 

12. 77 

26. 72 

23. 87 

14. 34 

6. 26 

1. 95 

100.13 

CNino .. to0nth Cxpasure equals number of registered drivers times average annual miles driven times 0.75. 
dAverose, not total. 

Wrong-Way 
Rate 

3.76 

3.38 

3.21 

2.81 

3. 73 

5. 51 

10. 38 

29 . 23 

4. 55d 



Age Group 
No. 

16 to 29 138 

30 to 39 187 

40 to 49 161 

50 to 59 124 

60 to 69 49 

70 and over 13 

Unknown 

TOTAL 692 

0 Had been drinking. 

0 
,.: 
N 

HBRa 

Percent No. 

19.9 161 

27.0 117 

26. 2 152 

17.9 173 

7.1 189 

1. 9 175 

100.0 967 

.. .. 
d .. 

..l .. .. 
0 .. EXPOSURE C DRIVER-MILES l 
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TABLE 2 

SOBRIETY BY AGE GROUPS 
(All Incidents) 

Sober Total 
Percent Who Had Been Drinking 

Three Phases I and 11b Percent No. Percent 
Phases 

Phase ill 

16. 7 299 18. 0 46. 1 65. 2 34.6 

12. 1 304 18. 3 61. 5 69.2 56.9 

15. 7 333 20. l 54. 4 65. 6 49.6 

17. 9 297 17. 9 41. 6 46.3 39.1 

19. 5 236 14. 4 20. 6 41. 6 12.7 

16. 1 166 11. 3 6. 9 9.6 5.6 

79 

100.0 1,736 100.0 41. 7 54. 0 36.7 

bFrom T omburri (~). 

Santa Barbara, Solano, and Ventura) were 

·00~~mm 

given to the California Department of 
Motor Vehicles. Five specially trained 
driver-improvement analysts interviewed 
168 of these drivers. The remaining 56 
in the subsample had left the state, did 
not appear at their scheduled appointment, 
or were deceased. (Eight drivers were 
killed in accidents resulting from the ini
tiating incident.) 
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H. B. D. WRONG•WAY DRIVERS 

Figure 8. Various distributions of Phase Ill 
wrong-way driving incidents by age group. 

Biographical data (age, sex, driving 
experience, annual miles driven, and oc
cupation) were obtained and a vision acu
ity test (Orthorater) and a color blindness 
test (Ishihara charts) were given. The in
terviewers reviewed the accident and driv
ing violations records of these individuals. 
Also, the interviewers determined whether 
the Department of Justice, Bureau of 
Criminal Statistics, had criminal records 
for these drivers and whether the drivers 
had physical and mental illness records 

available at the California Department of Public Health. Additional data on the 56 
drivers in the subsample who were not interviewed were obtained from Motor Vehicle 
records and accident reports on wrong-way accidents resulting from the initiating in
cident. 

To determine whether the subsample of 224 incidents was representative of the 524 
total Phase ill incidents, the average age, the distribution by age, the distribution by 
sex, and the age distribution of sobriety of the subsample were compared to the full 
sample. In general, these variables were very similar, and it can be assumed that 
the subsample represented the full sample. 

The following were determined from the interview and other available sources: 

1. Driving Experience-Driving experience ranged from none to 66 years and aver
aged 25.6 years: 
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Age Group 

16 to 29 
30 to 39 
40 to 49 
50 to 59 
60 to 69 
70 to 79 
80 and over 

Years of Driving 

7.3 
14.9 
26.8 
33.8 
43.1 
42.8 
40.5 

2. Annual Miles Driven-Annual miles driven ranged from 1,000 to 100,000, aver
aging 15,000 miles: 

Age Group 

16 to 29 
30 to 39 
40 to 49 
50 to 59 
60 to 69 
70 to 79 
80 and over 

Annual Mileage 

i4,400 
18,500 
16, 200 
16; 000 
14, 900 
8,300 

13,000 

3. Occupation-The largest group is the blue-collar worker . There were only nine 
professional drivers. Another surprisingly small category was the military (three): 

Occupation Type 

Professional 
White collar 
Blue collar 
Retired 
Miscellaneous 
Unknown 

Number of Persons 

13 
36 
88 
23 
20 
44 

224 

4. Vision Acuity-Column A in the table below shows the visual acuity of the in
terviewees when tested without glasses. This includes those persons who normally 
would wear glasses. Column B shows the vision data adjusted to reflect the acuity 
scores when individuals who normally wear glasses were tested with their glasses: 

Number of Drivers 

Test Score A B 

20/10 2 2 
20/20 50 68 
20/30 51 58 
20/40 27 27 
20/50 10 2 
20/60 2 2 
20/ 70 3 0 
20/100 5 0 
20/200 1 0 

Not tested 73 65 
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If 20/40 is considered "normal," only a small percentage of the drivers had any visual 
difficulty by either column A or column B standards. 

5. Medical and Mental History-Forty-one of the interviewees had a history of med
ical problems. Eighteen of these had a history of alcoholism. Ten of the interviewees 
had a known mental health history. 

6. Status of Drivers' Licenses-Twenty-two of the 224 drivers had driving restric
tions (six suspended licenses, five revoked, four on probation, six no licenses, one 
restricted license) at the time of the wrong-way incident. 

7. Accident Records-The 224 drivers were involved in 135 accidents in the 3 years 
immediately preceding the wrong-way driving incident. Included in the 135 accidents 
were 44 wrong-way driving accidents that brought the interviewee to the attention of 
the Department of Motor Vehicles. This left a net of 91 accidents before the wrong
way driving accidents. 

The average California driver has 0.20 accident per 3-year period (9). Because 
some of the 224 drivers did not have full 3-year driving records, the acfiial number of 
recorded years of driving for these operators was used to permit an unbiased com
parison. The result was 210 equivalent 3-year driving periods for the 224 drivers. 
Using the 91 accidents and the 210 equivalent 3-year periods gave a rate of 0.43 acci
dent per 3-year driving record for the subsample. This is over twice the accident rate 
of the average California driver. 

8. Motor Vehicle Violations-The 224 drivers had 360 moving violations in the 3-
year period immediately preceding the wrong-way incident. Fifty-seven drivers had 
three or more violations. In addition, there were 97 nonmoving violations. 

California drivers average 0.80 violation per 3 years (9). The 360 moving viola
tions and the 210 equivalent 3-year driving periods were used to obtain an average of 
1.71 violations per 3-year period. The wrong-way driver, therefore, committed ap
proximately twice as many driving violations as the average California driver. 

9. Nondriving Convictions-The Bureau of Criminal Identification and Investigation 
(CII) of the Justice Department furnished data on each driver in the subsample who had 
a criminal record. Ninety motorists (41 percent) had records, totaling 465 convictions. 
The distribution of drivers by number of convictions is listed below. Although no def
inite data could be found, it is felt that the percentage of the general driving population 
with nondriving conviction records is considerably less than 41 percent: 

Number of Non
driving Convictions 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 or more 
(33 maximum) 

Unknown 

Number of Drivers 

132 
24 
18 
10 
10 

3 
6 
3 
1 
0 

15 

2 

WRONG-WAY DRIVERS INVOLVED IN ACCIDENTS 

To obtain more specific information concerning the at-fault driver involved in wrong
way driving accidents, the identities of the at-fault drivers in wrong-way driving acci
dents on California freeways and expressways from January through September 1965 
were determined. Some accidents were caused by wrong-way drivers not actually 
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TABLE 3 

AGE DISTRIBUTION 

All California Drivers .... All At-Fault Drivers, 
Age Group Drivers Types of Accidents Wrong-Way 

Accidents a 

Under 21 4.6 6.5 4. 4 

21 to 30 20. 4 23. 6 20. 3 

31 to 40 24. 9 23.6 26.5 

41 to 50 23. 0 20. 7 21. 2 

51 to 60 15. 2 13. 4 16. 0 

61 to 70 6.5 7.3 7.1 

70 and over 3.2 2. 7 4.5 

TOTAL 100.0 100.0 100. 0 

Mean age 41. 7 39. 6 42. 3 

a January l through September 30, 1965. 

involved in the collision and other wrong-way drivers sustained only slight vehicle 
damage. Some of these drivers were able to flee the scene before their identity could 
be determined. 

From 153 accidents, 137 names were obtained. Records for 136 of these drivers 
were found. The 3-year records of this group indicate that their accident and violation 
experiences were approximately the same as the group involved in only incidents, but 
were substantially higher than the average driver in both categories. However, there 
were some discrepancies in the cutoff date of the furnished records with regard to the 
accident and violation that initiated the selection. Therefore, the computed rates are 
subject to some question and are not included in the report. 

Department of Justice CII records were investigated for the 136 wrong-way acci
dent drivers. These drivers had been arrested on criminal charges a total of 360 
times. One driver had been arrested 42 times and his driver's license had expired in 
1951. Nineteen drivers had been arrested on criminal charges five or more times. 
The arrests and convictions ranged from murder, assault with a deadly weapon, rob
bery, and sex crimes to drunk and disorderly conduct and vagrancy. Seventy-two 
drivers (53 percent) had criminal records. The percentage having criminal records 
is considerably higher for wrong-way drivers involved in accidents (53 percent) than 
for the general wrong-way driving population (41 percent). 

Table 3 shows the age distribution for wrong-way drivers involved in accidents, 
drivers involved in all types of accidents, and a large sample of all California licensed 
drivers (9). Only wrong-way drivers (113) involved in accidents who had full 3-year 
driving records were used in this comparison, thus permitting an unbiased comparison 
with the referenced data (9). The mean age oi the ii3 wrong-way accident drivers is 
approximately the same as the mean age of all drivers, and their age distribution is 
approximately the ·same as that of drivers involved in all types of accidents. However, 
the mean age of the wrong-way accident drivers is approximately 5 years younger than 
the mean age of 46.4 for all wrong-way drivers. 

Distribution by sex of the 113 at-fault drivers confirms that the wrong-way driving 
problem is grossly biased toward the male driver. Women held 41 percent of all valid 
3-year licenses in the California Department of Motor Vehicles study (9). They con
stituted only 21 percent of wrong-way drivers in the incident study, and were only 10 
percent of the at-fault drivers in wrong-way accidents. The fact that wrong-way acci
dents occur mostly at night may account for the low ratio of women. Another possible 
reason is that a considerably smaller percentage of women than of men had been drink
ing. In the incident study, 61 percent of the male drivers had been drinking and only 
29 percent of the female drivers had. 
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BEFORE AND AFTER COMPARISONS OF INCIDENTS 

To determine wrong-way driving trends and test the remedial measures' effective
ness, a before and after comparison was made between wrong-way driving rates during 
Phase II (July 15, 1963, to April 14, 1964) and Phase ill (June 1, 1966, to February 23, 
1967). The rates were determined from the incident reports furnished by the enforce
ment officers. 

For freeways, the rates compared were the number of incidents per 100 ramp-years. 
For expressways, the rates used were the number of incidents per year per 100 miles. 

In the case of freeways, various exposure variables were considered-number of 
freeway miles, amount of travel (vehicle-miles), number of off ramps, and number of 
trips. It was felt that the amount of wrong-way driving should increase with an increase 
in these four variables, especially in the number of trips, because each trip presents a 
distinct opportunity to drive the wrong way. However, the number of trips for each 
ramp type or specific location was not available except at very great expenditure of 
time and effort, and the number of trips by light condition was not available at any 
cost. Therefore, the remaining variables with the least increase between the two 
studies (number of off ramps) was used. This would indicate the most conservative 
improvement. 

In the case of expressways, the number of entry points (grade crossings and ex
pressway ends) were not readily available , so only miles and vehicle-miles were con
sidered. Each increased approximately by the same amount, and the measure of miles 
was chosen. The rates of observed wrong-way driving were reduced 60 percent on 
freeways and 69 percent on expressways (Tables 4 and 5). 

Because special additional devices were installed in District 04, it is shown sepa
rately in Tables 4 and 5. In spite of the additional devices, District 04 experienced a 
lesser improvement (a 47 percent reduction vs a 64 percent for the rest of the state). 
However, in District 04 there was a greater percentage reduction in daytime wrong
way entries, whereas the District 04 nighttime reduction was only half as large as the 
rest of the state. (The changes in incident frequencies were tested for significance 
using the chi-square method as described in the Appendix.) 

On expressways (no special devices), District 04 improvement was approximately 
the same as in the rest of the state. On certain freeways and expressways in District 
04 during the after period, the highway patrol was involved in an experiment (Opera
tion 500) to test the effect of increased patrolling on accidents. The level of arrests 
more than doubled and a comparable increase in the level of observed wrong-way driv
ing probably occurred. It is estimated that 17 incidents were observed that would have 

TABLE 4 

RATE OF WRONG- WAY INCIDENTS-FREEWAYS 
(Not Adjusted for Operation 500) 

No . of Incidents per 100 Ramp-Years Percent 
Period No. Ramps Dark 

Day Dark Total 

District 04 
Before 453 (31) 9. ia (71)20. 9 (102)30. 0 71 
After 607 (14) 3. l (59)12. 9 (73) 16. 0 Bl 
Percent change rate +34 -67 -38 . 47 
Chi-square value 16. 93 sb 7 . 10 s 16 , 62 s 

Other Districts 
Before 1, 801 (133) 9. 8 (212) 15 . 7 (345)25 . 5 61 
After 2, 467 (79) 4. 2 (91) 4 . 9 (170) 9. 2 54 
Percent change rate +37 -57 -69 - 64 
Chi-square value 36. 5 s 97 . 5 s 38. 3 s 

All Districts 
Before 2, 254 (164) 9. 7 (283) 16. 7 (447)26 . 5 63 
After 3, 074 (93) 4 . 0 (150) 6. 5 (243) 10. 5 62 
Percent change rate +36 - 59 - 61 -60 
Chi-square value 39. 3 s 94 . 6 s 144. 7 s 

0 Numbers within parentheses ore those of incidents. bs-significont. 
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TABLE 5 

RATE OF WRONG-WAY INCIDENTS-EXPRESSWAYS 
(Not Adjusted for Operation 5aa) 

No. of Incidents per 10a Mlle-Years 
Percent Period No. Miles 

Dark Day Dark Total 

District a4 
Before 11a (la)12.1a (17)2a.6 (27)32. 8 63 
After 89 (5) 7. 5 (1) 1. 5 (6) 9 . a 17 
Percent change rate -19 - 38 -93 -73 
Chi-square value a. 42 NSb 9. 76 S"- 8. 2a s 

Other Districts 
Before 695 (73)14. a (67)12. 9 (14a)27. a 48 
After 645 (24) 5. a (17) 3. 5 (41) 8. 5 42 
Percent change rate -7 - 65 - 73 -68 
Chi-square value 19. 35 s 25 . 25 s 45.8 s 

All Districts 
Before 8a5 (83)13. 8 (84)13.9 (167)27. 7 5a 
Alter 734 (29) 5. 3 (i6) 3. 3 (47) 8. 6 38 
Percent change rate -9 -62 -76 - 69 
Chi-square value 2a. 93 s 37. 10 s 57.a s 

ONumben within parentheses are those of incidents. bNS-not significant. 
cs-significant. 

gone undetected on freeways (12). Deducting the "extra" 17 incidents gives an after 
rate of 11.9 incidents per 100 off-ramp years, a reduction of 60 percent, which approxi 
mates the 64 percent experienced by the other districts. No adjustment was made for 
the expressways because there were only six expressway incidents in District 04 in the 
after period. 

Tables 6 and 7 show the number of incidents in Phases II and III by location of 
wrong-way origin. Incidents are subtotaled by locations with preventive devices during 
Phase III (off ramps and transitions) and locations where the preventive devices are not 
applicable (U -turns and across median). 

TABLE 6 

WRONG-WAY DRIVING INCIDENTS BY LOCATION OF POINT OF ORIGIN-FREEWAYS 

Phase Il Phase Ill Percent Points of Origin 
Ch•nge No. Percent No . Percent 

With Preventive Devices in Place l.luring Phase 111 

Entered freeway by off ramp 165 48. 6 91 54 . 1 - 45 
Made U-turn from off ramp 

(rl1tht way on freeway) 13 3. 8 1 a . 6 -92 
Entered at transition from expressway a a.a 0 o. o u 
Entered at transition from two-Jane 

undivided road a a.o 5 3. 0 

subtotal (178) (52. 5) (97) (57 . 7) (-46) 

Without Preventive Devices in Place During Phase Ill 

Made U -turn In traffic lanes 71 20. 9 38 22 . 6 -47 
Drove across median 17 5. 0 4 2. 4 - 77 
Other U-turns on off or on ramps 1a 3. a 14 8. 3 +4a 
Made U -turn from on ramp 

(wrong way on freeway) 38 11. 2 9 5.4 -76 
Made U -turn into on ramp 

(right way on freeway) 25 7. 4 6 3. 6 -76 

SUbtotal (161) (47. 5) (71) (42 . 3) (-56) 

Known origins 339 laa. 0 168 1oa. 0 -50 
Origins unknown 111 75 -32 

TOTAL 450 243 -46 



TABLE 7 

WRONG-WAY DRIVING INCIDENTS BY LOCATION OF POINT OF ORIGIN-EXPRESSWAYS 

Phase II Phase ill 
Points of Origin 

No. Percent No. Percent 

With Preventive Devices in Place During Phase ID 

Entered at intersection 
(median opening) 67 47. 2 21 61. 7 

Enter at undivided road transition 7 4. 9 0 o. 0 
Drove through median opening 

(no intersection) 35 24. 7 0 0.0 

Subtotal (109) (76. 8) (21) (61. 7) 

Without Preventive Devices in Place During Phase Ill 

Drove across median 4 2, 8 0 0.0 
Made U-turn 26 18. 3 9 26. 5 
Other (driveways and ends of express-

ways) 2. 1 4 11. 8 

Subtotal (33) (23. 2) (13) (38. 3) 

Known origins 142 100. 0 34 100.0 
Origins unknown 25 13 

TOTAL 167 47 

Percent 
Change 

- 69 
- 100 

- 100 

(-81) 

- 100 
- 65 

+ 33 

(-61) 

- 76 
- 48 

- 72 
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The number (not rated) of wrong-way driving entries at freeways was reduced ap
proximately 50 percent. There was a somewhat greater decrease in incidents origi
nating at locations without preventive devices. There may be several reasons for this 
result, such as (a) the motorist is more aware of the problem because of the frequently 
observed control devices, (b) publicity given this problem in California, and (c) motor
ists becoming better freeway drivers. Wrong-way entry at expressways was reduced 
72 percent with a greater reduction (81 percent) at locations with the devices than lo
cations without devices ( 61 percent). 

Tables 8 and 9 show the light condition for the incidents of Phases II and ill at those 
locations with preventive measures and locations where wrong-way origins could not be 
controlled by the preventive measures. Locations with preventive measures showed a 
considerably greater reduction at night. As indicated later, the reduction in wrong
way driving accidents was considerably greater in the fatal category, perhaps because 
of the greater reduction in nighttime wrong-way driving when accidents are more se
vere. It appears, then, that the preventive measures on freeways were more effective 

TABLE 8 

LIGHT CONDITIONS FOR WRONG-WAY DRIVING INCIDENTS ORIGINATING AT 
LOCATIONS WITH PREVENTIVE DEVICES-FREEWAYS 

Phase II Phase III 

Light Condition 
Percent 

No. of No. of Change 
Incidents 

Percent Incidents Percent 

Daylight 64 36. 0 49 50. 5 -23 

Dawn and dusk 4. 4 4 4.1 -50 

Dark, street light 64 36. 0 30 30. 9 -53 

Dark, no street light 42 23. 6 14 14. 4 -67 

Subtotal, dark (114) (64. 0) (48) (49. 5) -58 

TOTAL 178 100.0 97 100. 0 -46 
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TABLE 9 

LIGHT CONDITIONS FOR WRONG-WAY DRIVING INCIDENTS ORIGINATING AT 
LOCATIONS WHERE USE OF PREVENTIVE MEASURES NOT APPLICABLE-FREEWAYS 

Phase II Phase Ill 

Light Condition Percent 
No. of No. of Change 

Incidents Percent 
Incidents Percent 

Daylight 75 46. 6 30 42 . 2 -60 

Dawn and dusk 3.1 4 . 2 -40 

Dark, street light 40 24. B 22 31. 0 -45 

Dark, no street light 41 25. 5 16 22 . 6 -61 

Subtotal, dark (86) (53. 4) (41) (57 . 8) - 52 

TOTAL 161 100.0 71 100. 0 - 56 

at night. For freeway locations at which preventive measures do not apply, there 
seems to be no differential improvement by light conditions. 

The red retroreflective raised pavement arrow was designed to reduce nighttime 
entry at off ramps. To determine its effectiveness, nighttime off-ramp entries in 
District 04 were compared with those of the remaining districts. Table 10 shows these 
comparisons adjusted for Operation 500. A lesser reduction occurred in District 04, 
so it appears that the red arrow is ineffective. 

Daytime off-ramp entries were reduced considerably more in District 04 than in the 
rest of the state (80 percent vs 43 percent), indicating that the secondary sign (GO 
BACK-YOU ARE GOING WRONG WAY) is beneficial. 

ACCIDENT ANALYSIS 

The real function of the preventive devices is to reduce accidents, not wrong-way 
driving. Therefore, the best test of their success is a reduction in wrong-way driving 
accident frequency. 

Wrong-way driving accident rates for the one year prior to installation were com
pared with the rates for the year after (Table 11). Changes in accident frequency were 
tested for significance using the chi-square method described in the Appendix. 

For freeways, all accident and personal-involvement rates were reduced signifi
cantly except for property damage only and injury accident rates. The total accident 
rate was reduced approximately 30 percent and the fatal accident rate approximately 
60 percent. The rates of persons killed and persons injured were reduced approxi
mately two-thirds and one-third respectively. For expressways, only the personal in
jury and the total accident rates were reduced significantly . 

Light 
Condition 

Day 

Night 

TOTAL 

TABLE 10 

NUMBER AND RATES OF OFF-RAMP ENTRIES BY LIGHT CONDITION 
(Incidents per 100 Hamp-Years) 

P hase II Phase III 
Percent Change 

District 04 Others District 04 Others 
District 04a Others 

No. Rate No. Rate No.a Ratea No. Rate 

15 4. 42 49 3 . 62 4 0 . 88 38 2 . 05 -BO sb -43 s 

26 7. 65 88 6. 52 13 2. 85 31 1. 67 -63 s -74 s 

41 12. 07 137 10. 14 17 3. 73 69 3. 72 -69 s -63 s 

0 Adjusted for Operation 500. bs- significant c t 0.05 level (chi-square tes t). 
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TABLE 11 

WRONG-WAY DRIVING ACCIDENT RATES 

Personal 
Accident Ratesa Involvement 

Item Rates Exposurea 
POO Injury Fatality Total 

Killed Injured 

Freeways 

Before 3. 24 3. 64 1. 77 8.65 3. 64 11.09 22.54 
(73)b (82) (40) (195) (82) (250) 

After 2.44 2.99 0.68 6.11 1. 27 6. 77 30. 74 
(75) (92) (21) (188) (39) (208) 

A - 0.80 - 0. 65 - 1. 09 - 2. 54 - 2. 37 - 4. 32 
(+2) (+10) (-19) (-7) (-43) (-42) 

Percent a -24. 7 -17. 9 -61. 6 -29.4 -65.1 -39. 0 
(+2. 7) (+12. 2) (-47. 5) (-3. 6) (-52. 4) (-16. 8) 

Chi-square value 2. 72 1. 47 12.79 11. 30 31. 07 27. 85 
NSC NS sd s s s 

Expressways 

Before 2. 73 2. 36 1. 62 6. 71 1. 86 8. 32 8.05 
(22) (19) (13) (54) (15) (67) 

After 2. 31 1. 23 0.68 4. 22 1. 50 2.18 7. 34 
(17) (9) (5) (31) (11) (16) 

a - 0. 42 - 1. 13 - 0.94 - 2.49 - 0.36 - 6. 14 
(-5) (-10) (-8) (-23) (-4) (-51) 

Percent t:. -15. 4 -47. 9 -58. 0 -37.1 -19. 4 -73. 8 
(-22. 7) (-52. 6) (-61. 5) (-42. 6) (-26. 7) (-76. 1) 

Chi-square value 0.13 2.18 2.14 3. 82 0.13 25. 78 
NS NS NS s NS s 

°For freeways-per 100 ramP"')'Oors; for expressways-per 100 expressway miles. 
bNumbers in parentheses ar1J lhoie of accidents or persons. 
cNS-nol significant. 
ds-1lgnif icant. 

The special secondary signs were installed primarily to reduce the daytime accident 
rate and the reflective arrows to reduce the nighttime rate. Therefore, the freeway 
day and night accident rate changes were examined for District 04 and the remaining 
ten districts. 

No significant daytime accident rate reductions occurred in District 04 or in the ten 
other districts (Table 12). This indicates that the secondary GO BACK-YOU ARE 
GOING WRONG WAY sign causes no additional accident reduction and contradicts the 
apparent large additional daytime incident reduction. This contradiction is due in part 
to the small daytime District 04 freeway accident sample size (six before and five 
after). Another factor masking the effect of all devices is the necessity to make the 
before and after comparisons using all accidents regardless of point of origin. The 
high severity of most wrong-way driving accidents and the high drinking involvement 
generally made it impossible for the investigating officer to determine where the wrong
way movement originated. Therefore, it was impractical to use only accidents origi
nating at locations with preventive devices (off ramps and freeway ends). In the inci
dent comparisons, the effect of various devices was determined by using only incidents 
originating at locations with the devices. 

At night in District 04, the rates for both the number of persons killed and the num
ber of persons injured were significantly reduced (Table 13). For the remaining ten 
districts, these two rates and the fatal accident and total accident rates were also sig
nificantly reduced. This would indicate that the special red arrows were of no addi
tional benefit and confirms the findings of the incident analysis. 
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TABLE 12 

WRONG-WAY DRIVING ACCIDENT RATES ON FREEWAYS-DAYTIME 

Accident Rates Personal 

(per 100 ramp-years) Involvement Exposure 
Item Rates per 100 

Ramp-Years PDQ Injury Fatality Total Killed Injured 

District 04 

Before 0. 88 0.22 o. 22 1. 32 o. 22 0. 88 4. 53 
(4)a (1) (1) (6) (1) (4) 

After o. 50 0. 16 o. 16 0. 82 0.66 0.66 6.07 
(3) (1) (1) (5) (4) (4) 

A 0.38 0.06 n no n <n 
T 0. 44 - o. 22 - Vo UV - v, ... v 

(-1) (0) (0) (-1) (+3) (0) 

PPrr:Fmt A -4~ 1 -?7 ~ -?7 ~ -~7 ~ ~?nn n - 2~ . Q 
(-25) (0) (0) (-16. 7) (+300. 0) (0) 

Chi-square value 0.15 0.02 0. 02 o. 24 0. 29 o. 01 
NSb NS NS NS NS NS 

All Other Districts 

Before 0. 50 0. 78 o. 28 1. 55 0.61 2. 22 18. 01 
(9) {14) (5) (28) (11) (40) 

After 0.53 0.65 0. 16 1. 34 o. 32 1. 46 24. 67 
(13) (16) (4) (33) (8) (36) 

A + 0. 03 - 0. 13 - 0. 12 - o. 22 - 0. 29 - o. 76 
(+4) (+2) (-1) (+5) (-3) (-4) 

Percent A + 6. 0 -16. 7 -42.9 -14.1 -47. 5 -34. 2 
(+44. 4) (+14. 3) (-20. O) (+17. 9) (-27. 3) (-10. 0) 

Chi-square value 0.02 0.87 0. 22 0. 22 1. 35 2. 96 
NS NS NS NS NS NS 

0 Numbers in parentheses are those of accidents or persons. bNS-not significant. 

TABLE 13 

WRONG- WAY DRIVING ACCIDENT RATES ON FREEWAYS- NIGHTTIME 

Accident Rates Personal 

(per 100 ramp-years) Involvement Exposure 
Item Rates per 100 

Ramp-Years PDO Injury Fatality Total 
Killed Iniured 

District 04 

Before 3. 75 3. 31 1. 77 8.83 2. 87 12. 58 4. 53 
(17)a (15) (8) (40) (13) (57) 

After 2. 80 3. 29 0.66 6. 75 0.66 6. 92 6. 07 
(17) (20) (4) (41) (4) (42) 

A - 0 . 95 - 0. 02 - 1. 11 - 2.08 - 2. 21 - 5. 66 
(0) (+5) (-4) (+1) (-9) (-15) 

Percent A -25.3 - 0.6 -62. 8 -23.6 -77.0 -45. 0 
(0) (+33. 3) (-50. 0) (+~ .. 5) (-69. 2) (- 26. 3) 

Chi-square value 0. 49 0. 002 1. 96 1. 21 6. 49 8. 33 
NSb NS NS NS sc s 

All Other Districts 

Before 2. 39 2. 83 1. 44 6. 66 3. 16 8. 27 18. 01 
(43) (51) (26) (120) (57) (149) 

AftQr 1. 70 2. 23 0. 4g 4.42 o. ~3 5.11 24. 67 
(42) (55) (12) (109) (23) (126) 

A - 0.69 - 0.60 - 0. 95 - 2. 24 - 2. 23 3.16 
(-1) (+4) (-14) (-11) (-34) (-23) 

Percent A -28.9 -21. 2 -66. 0 -33. 6 -70.6 -38. 2 
(-2. 3) (+7. 8) (-53. 8) (-9. 2) (-59. 6) (-15. 4) 

Chi-square value 2.10 1. 30 9. 74 9. 39 26. 39 15.65 
NS NS s s s s 

0 Numbe rs in parentheses are those of accidents or persons . bNS-not significant. 
cS-dgr::flc~r:t. 



-.. .. 
~ .. 
D.. 

100 

-

60 

Ml 

4 

tO J 

-------
/ 

, ., .,., 
~ 

/ 

/ 
v 

1/ 
) 

I 
I 

""' N~ •<N 

41 

~ 
v 

,/ -

. / v v . 

_ Li 

~ 
...... 

( Note : \4 mile o r more. 
/ 

/ 
v 

~ "~ K N ""'" "~ 
~ ..,, • • vv 

Feet 

Figure 9. Sight distances available to the right-way driver vs the cumulative percent of theaccidents . 

DEATHS AND ACCIDENTS PREVENTED 

Wrong-way accident rates for the before and after periods were also compared on 
the basis of billion vehicle-miles of travel. On freeways the exposures were 22.6 bil
lion vehicle-miles before and 27.9 billion vehicle-miles after. The rate was reduced 
from 8.62 to 6.73 accidents per billion vehicle-miles (22 percent). On expressways the 
exposures were 4. 3 billion vehicle-miles before and 3. 9 billion vehicle-miles after. 
These accident rates were reduced from 12.61 to 7.95 accidents per billion vehicle
miles (37 percent). 

Assuming that the number of accidents and persons injured or killed in the after 
period would have increased linearly with travel, it is estimated that the devices pre
vented 65 fatalities, 146 injuries, and 71 accidents. 

EFFECT OF SIGHT DISTANCE 

Motorists involved in wrong-way driving accidents may not be receiving adequate 
notice (because of restricted sight distance) to take evasive action. To evaluate this 
possibility, the sight distances at locations of all fatal and injury freeway accidents 
for a 1-year period were determined. Accidents in which sight distances were re
stricted by weather or traffic density and accidents occurring at ramps were culled 
out, thus leaving 45 out of an original sample of 115. The effect of median barriers, 
piers, abutments, and cut slopes on sight distance was considered. Figure 9 shows 
sight distances available to the right-way driver vs the cumulative percent of the acci
dents . (Many wrong-way drivers were too drunk to take evasive action.) Distances 
were based on a 3.75-ft eye height to headlights at a 2.0-ft height because most acci
dents occurred at night. 

Half of the accidents occurred where sight distance was less than 1,000 ft. Sight dis
tance needed by the right-way driver to avoid a collision can be rationalized as follows: 
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Rate of closure = 205 ft/sec (both wrong- and right-way vehicle at 70 mph) 
Perception and brake reaction time = 2.5 sec (10, p. 135) 
Minimum lane shift time = 3 sec (10, p. 347) -
Total time required for evasion = 5.5 sec (assuming no correction by wrong-way 

driver) 
Thus 5.5 sec times 205 ft/sec = 1,130 ft sight distance needed. 

It appears that providing a 1,200-ft minimum sight distance (3.75-ft eye height to 
2.0-ft headlight height) would permit sufficient notice to 60 percent of the right-way 
drivers for most of them to avoid a collision. These drivers now have less than 6 
seconds to perceive, react, and evade the wrong-way vehicle. 

EFFECT OF OFF- RAMP TYPE 

During the three incident studies, there were 440 incidents where the off ramp of 
wrong-way entry couid be positiveiy identified. These incidents were ciassiiied by 
ramp type (Table 14). An inventory of off-ramp types was made using the midpoint 
of each study period. For each period and for the sum of the three periods, rates for 
each ramp type were determined (Table 14). 

The wrong-way entry rates were 11.33 incidents per 100 ramp-years during the 
first study period, 9.36 for the second period, and 5.24 for the third. If it is assumed 
that the number of entries should be proportional to off-ramp-years, the expected 
distribution of the 307 wrong-way entries of the first two studies is 134 in Phase I and 
173 in Phase II. The observed distribution was 149 in Phase I and 158 in Phase II. 
The difference between the expected and observed distributions is statistically signifi-

NO. OF INCIDENTS 
STUDY I A 

STUOY II A 

STUDY Ill B 

NO. OF RAMPS 
STU DY I 

STUDY II 

STUDY Il l 

TOTAL 

TOT. EXPOSURE (100 Ramp-Yrs.) 

ENTRY RATES 
(lncid / lllO Ramp-Yrs) 

STUDY I 

STUDY II 

STUDY Ill 

TOTAL 

TABLE 14 
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cant at the 0.10 level (X 2 at 1 df = 2.77 if P < 0.10; for explanation of chi-square method 
throughout equations, see the Appendix). As previously reported (4), it is believed that 
the small, white pavement arrows painted on all off ramps between-the first and sec
ond incident studies had a pronounced effect in reducing wrong-way entries. 

The expected distribution of the 291 incidents of the second and third periods is 123 
in Phase II and 168 in Phase Ill. The observed distribution was 158 in Phase II and 133 
in Phase III. The difference between the expected and observed distributions is signifi
cant (x 2 at 1 df = 19.82 if P < 0.001) . As stated before, the preventive measures in
stalled between these two studies were effective in reducing wrong-way entries at off 
ramps. 

It was felt that interchanges without provisions for all possible movements might be 
confusing or might encourage deliberate wrong-way entry. Some insight on this pos
sibility can be gained by comparing the combined rates of full diamond, full cloverleaf, 
two-quadrant cloverleaf, and buttonhook interchanges with the combined rates of the 
half diamond, isolated diamond ramps, and buttonhook ramps without structures (Table 
15). The rate for full interchanges was approximately half the rate for partial inter
changes. 

The effect of providing a physical divider on the cross street was tested using the 
four-quadrant cloverleaf and trumpet inte1·changes. There was a significantly lower 
rate of entry when the cross street was divided, 0.83 vs 6.00 (x 2 at 1 elf = 8.32 if P < 0.01). 

The rate of entry at two-quadrant cloverleaf loops (8.10) that are designed to permit 
· both right- and left-turning movements at the cross-street terminal is not significantly 
dilferent (X 2 at 1 df = 0.01 if P > 0.90} from that for loop ramps at undivided cross 
streets (6.38) with only flat, merging right turns permitted. It was thought that the 
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TABLE 15 

EFFECT OF FULL AND PARTIAL INTERCHANGES 

Type 

Full interchange s 
(diamonds, full and two
quadrant cloverleafs, 
buttonhooks) 

Partial interchanges 
(half diamond, i s olated 
diamond ramp, ruod 
bu llonhoo.ks without structure s) 

cx2 ai 1 df = i9.74 if p < 0.001 . 

No. of Incidents 

Observed Expected 

179 207 

75 47 

Exposure 
(pe r 100 

ramp- years) 

34. 96 

7. 93 

Rate 
(incidents per 100 

ramp-years)a 

5. 13 

9. 46 

extra left-turning ramp entrances at right angles to cross traffic might encourage 
wrong-way entry. Evidently, this is not the case. 

It was thought that auxiliary local road connections in the middle of ramps or at 
ramp terminals would present more opportunities for wrong-way entry and/or com
plfoate geometrics to cause more confusion. This apparently was not the case at the 
few trumpet and cul-de-sac off ramps available for comparison (28.6 incidents per 100 
ramp- years with local road connections vs 27 .2 at ramps without ; X2 at 1 df = 0.01 if 
p > 0.90). 

Off ramps into cul-de-sac and scissor ramps are similar in many respects. There 
had been evidence that both types have very high rates of wrong-way entry. This, in 
fact, was the cas e with the cul-de-sac r ate, 31.6, considerably higher than the scissors, 
13.4 ( x 2 at 1 df = 5.94 if P < 0.02). 

Direct connections had approximately twice the average wrong-way entry rate (Table 
14). Left-side, direct- connecting off ramps had considerably higher rates than those 
connecting from the r ignt s ide (x 2 at 1 df = 6.52 if P < 0.02), probably because the ramp 
is on the wrong-way motorist's right as he enters the freeway and appears to be an on 
ramp. 

The relationships discovered by these r amp comparisons ar e pr eliminary in nature. 
The current movie camera survey of off ramps should uncover more definitive caus
ative factors in the specific geometric details and traffic control devices at the ramps 
and crossroads. Nevertheless, the above findings, though tentative , should be con
sidered in interchange design. 

SUMMARY OF FINDINGS 

A before and after comparison of incidents of wrong-way driving and of wrong-way 
driving accidents indicated the following: 

1. The remedial measures described in the first part of the paper were very ef
fective in reducing wrong-way driving, especially at night. The rate of wrong-way 
driving was reduced 60 percent on freeways nnd 70 percent on expressways. 

2. More importantly, the measures reduced wrong-way driving accidents although 
to a lesser degree than wrong-way driving itself. On the basis of ramp-years, acci
dents were reduced 30 percent on freeways . On the basis of vehicle-miles, the rates 
were reduced 22 percent on freeways and 37 percent on expressways. (Because of the 
small number of expressway accidents, the 37 percent reduction is not statistically 
significant.) The freeway fatality rate was reduced 65 percent from 4.00 to 1.40 per
sons killed per billion vehicle-miles. 

3. The measures were more effective in reducing the more severe accidents. It 
is estimated that in their first year of use, the remedial devices prevented approxi
mately 65 deaths, 150 injuries, and 70 accidents . 

4. A moderate additional reduction in daytime wrong-way driving (not accidents) 
was caused by the special GO BACK-YOU ARE GOING WRONG WAY secondary sign. 

5. The special red retroreflective pavement arrow was of no benefit. 



45 

The following rates of wrong-way entry were observed by interchange types where 
all possible turning movements were provided: 

Interchange Type 

Four-quad cloverleaf 
Buttonhook 
Two-quad cloverleaf (parclo A and B) 
Diamond 
Trumpet 

An analysis of ramp types indicated the following: 

Wrong-Way Entry Rate 
(Incidents per 

100 Ramp-Years) 

2.00 
4.12 
6.08 
7.46 

14.19 

1. All turning movements should be provided at interchanges; otherwise, wrong
way entry at the remaining ramps increases, 

2. Off ramps that force merging at flat angles at the cross street (cloverleaf right
turn ramps, loop ramps) have the lowest entry rates. 

3. A physical divider on the cross street helps prevent wrong-way entry to the off 
ramps. 

4. Left-side off ramps should be avoided. To the wrong-way driver, they appear 
much like a right-side on ramp at the freeway, adding confirmation that he is going 
the "right way." 

A correlation was found between sight distance and frequency of wrong-way driving 
accidents, with 60 percent of these accidents occurring where sight distance was re
stricted to 1,200 ft or less. (Sight distance is measured to a 2.0-ft headlight height 
because most of these accidents occurred at night.) 

The typical wrong-way driver is not handicapped physically or mentally to any 
greater degree than the average driver. His mental attitudes and outlook, however, 
may be considerably different as reflected by the fact that he receives considerably 
more driving violation convictions and felony convictions than the average driver. He 
also is involved in considerably more accidents. 

The at-fault wrong-way driver in wrong-way accidents has an equal disregard for 
the driving laws and a greater disregard for criminal laws than wrong-way drivers in 
general. Those human characteristics that make him disregard the rules established 
by society may also be causing him to have more accidents regardless of the reason 
he was driving the wrong way in the first !>lace. 

The wrong-way driving accident problem is caused primarily by the male driver. 
Less than 10 percent of these accidents are caused by women even though they are do
ing approximately 20 percent of the wrong-way driving and constitute approximately 40 
percent of the licensed drivers. 

CONCLUSIONS AND RECOMMENDATIONS 

Wrong-way driving on freeways and expressways can be reduced a substantial 
amount, perhaps two-thirds, using (a) white-on-red WRONG WAY signs with black
on-white DO NOT ENTER signs at off ramps and ends of freeways and expressways, 
(b) white-on-green FREEWAY ENTRANCE signs at on ramps, and (c) large white 
pavement arrows at all off ramps, on ramps, expressway at-grade crossings, median 
openings, and ends of freeways and expressways. 

More importantly, wrong-way driving accidents can be reduced by one-third and 
fatalities by two-thirds on freeways and one-fifth on expressways with these devices. 

Further reductions can be achieved by proper choice of off-ramp types and by pay
ing attention to certain specific geometric details such as (a) making the junction of 
off ramps to cross streets as flat as possible to be obvious that entry is not intended 
and to make such entries difficult, (b) dividing the cross street, (c) eliminating left
side off ramps, (d) providing for all possible turning movements, and (e) providing a 
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minimum of 1,200 ft of sight distance (3.75-ft right-way driver eye height to 2.0- ft 
headlight height). 

More research is needed and some is under way concerning more definitive cor
relations between specific geometric details and traffic control measures and the rate 
of wrong-way entry at off-ramp terminals. There is also a need to develop and test 
control devices for wrong-way movements that do not originate at freeway off ramps, 
expressway at-grade crossings, and freeway termini, and as a secondary line of de
fense for drivers who fail to see or react to the control devices at the off ramps. 
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The chi-square test (11) was used to test whether the differences in accidents and 
incidents were statistically significant. Generally, a confidence level of 0.05 was used. 
(A significant difference could have occurred by chance only 5 times out of 100.) The 
chi-square test compares observed and expected frequencies. The expected frequencies 
are computed under the hypothesis that the sum of accidents (or incidents) of both pe
riods should distribute in proportion to the exposure in each period. 

In the report, statistical reliability of observed changes is often indicated parenthet
ically, e.g., x2 at 1 df = 3.90 if P < 0.05. This means that the computed chi-square 
value was 3.90. At one degree of freedom, this value (3.90) would be expected to oc
cur by chance less than 5 times out of 100. Thus, we can be 95 percent confident that 
the difference observed was a true difference and not caused by random sampling 
fluctuations. 

Discussion 
JAMES E. WILSON, Deputy Director, Highway Safety Programs Service, National 
Highway Safety Bureau-Seldom does a discussant have the opportunity to be in the 
position that I am in today. This will take some explanation, and I will endeavor to 
do just that. 

While still working with the California Division of Highways, I was intimately con
nected with portions of the various study phases involved in Tamburri 's paper. This 
problem of wrong-way drivers was one of unknown quantity in the early 1960's. Until 
a couple of serious wrong-way crashes occurred, and an initial report by Charlie Gay 
(1), no one really knew the magnitude of the problem. It was a special problem that 
was not encountered on conventional highways, but was limited to highways having 
partial or total control of access with opposing lanes separated by varying widths. Al
though the total crash problem of the wrong-way driver is a far more complex issue 
than is spelled out in Tamburri's paper, he did zero in on a very important segment of 
the problem with which the National Safety Bureau, through its multiphased programs, 
is trying to cope. Effort is contemplated on the behavior of the driver himself, but 
before we can make any headway in this field, we must know the characteristics of the 
drivers that are giving us the trouble. 

Tamburri 's paper certainly fulfills one very important void to which no one has as 
yet addressed himself. It is the product of cooperation among city police officials, 
state patrol officers, highway department personnel, motor vehicle people, and others. 
The study even reached into areas never before considered by highway people. In seek
ing information from the Bureau of Criminal Identification and Investigation of the 
Justic Department of the State of California, new avenues have been explored. With 
this kind of cooperation, crashes can be reduced. 

It may be said that a better explanation might have been made in defining the various 
phases of this study, and that the sample was too small to be indicative of anything 
worthwhile, but let me be quick to point out that the periods of time in the various 
phases were equal. Should the question be asked, ''Were the number of incidents in
fluenced by the fact that the study phases were in different parts of the year?" 

The sample could not have been expanded easily because these incidents and acci
dents are really rare occurrences, even though they cause great consternation for engi
neering and enforcement officials when such crashes do occur. They are always as
sociated with what may be clearly defined as an at-fault driver and an innocent driver 
as opposed to the "pure accident" experienced if two vehicles reached an uncontrolled 
intersection at precisely the same moment. If I would have any criticism to make of 
the research findings, and I would be quick to point out that I am not a researcher, it 
would be that variation may exist in reporting of incidents. This could vary from area 
to area and city to city. It can also be dependent on the density of patrol effort, and 
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the diligence that any patrol officer may lend to any special report required during his 
otherwise hectic day. Was patrol effort in the various phases uniformly applied? 

Perhaps I could comment by raising some other questions that come to mind. For 
instance, why did the number of reported incidents decrease on the freeway lanes and 
increase in the ramp areas? Why was there a reduction in incidents in all but the hours 
of from 2:00 to 4:00 a. m.? (For those of you unfamiliar with California, the bars close 
at 2:00 a. m.) If I were to comment on this question, I would say that remedial mea
sures connected with alcohol and highway safety might also be able to effect a reduction 
between these hours. It could also mean that while the drinking driver is behind the 
wheel of his car, those remedial measures taken between Phase I and Phase II, as well 
as between Phase II and Phase ill, are not effective. I can comment with some authorit: 
that if physical obstructions were placed to really reduce the incidents of wrong-way 
driving between these hours, then more innocent victims may become accident victims. 
This would be due to the presence of broken-down vehicles in places where right-way 
traffic would least expect them. Another comment is concerned with the 224 drivers 
interviewed: all were alive, naturally, do these 224 drivers coordinate well with those 
who might have been inter viewed but who lost their lives in crashes of this type . 

A fact unknown to me, but perhaps known to many, was that 10 percent of the people 
interviewed had no legal driving authority. They had lost their licenses, they had had 
their licenses revoked, they had never been licensed drivers, and one individual had 
been driving since 1951 without a driver's license. I have heard it said that people 
without legal authority to drive may be more careful, but the facts here do not support 
that theory. 

In the section r egarding wrong-way drivers involved in accidents, one of my staff 
members, after reviewing the paper, raised the question of how the "at-fault driver" 
was defined. This raised an interesting question, but I assured him that the "at-fault 
driver" was always the driver who was going down the freeway in the wrong direction. 
This seemed like a logical explanation, but I wonder if maybe the fault could not be 
attributed to someone other than the driver, and that perhaps both drivers in some in
stances are innocent victims of some other unplanned event or circumstance. 

Let me cite a few examples. Perhaps some other incident occurring at an entrance 
ramp removed whatever evidence there was that entry was denied, and before it could 
be repaired or replaced by proper maintenance, someone drove into it in the wrong 
direction. Perhaps, inadvertently, guide signs were placed at locations that actually 
misdirected the at-fault driver. Perhaps the design was of such configuration that it 
was easier to make a choice to go in the wrong direction than in the right direction. 
wi1ose fault is th.i. ? Perhaps snow or ice co-vered other pertinent markings that would 
have controlled the wrong-way or at-fault driver. 

Perhaps I had a preconceived notion that I cannot attribute to any particular thing at 
this time that some wrong-way accidents were deliberate attempts at suicide. I do be
lieve that there were a couple of cases where this could have been proven, and, in fact, 
in one case of which I am aware ther e was even a confession to this effect. However, 
I know that the statistics between those drivers interviewed who merely had a wrong
way incident charged against them were the same or almost the same as those where 
wrong- way accidents actually occurred. If I have interpreted this correctly, this thr o\\ 
my suicide theory into a cocked hat. 

All in all, I believe this paper confirmed some thinking of mine in years past that 
the highway safety problem is a social problem of tremendous magnitude that deals witl 
a great many aspects of our society, aspects not necessarily connected with the auto
mobile. The people described in this paper are, in my opinion, not just gamblers or 
victims of a poor highway environment, they are just plain bad actors with social prob
lems off the highway, too-problems with the police; problems in their own homes, and 
problems wherever they go. In spite of the "fact" one hears that people involved in ac· 
cidents are just plain people close to home, one might find out otherwise if one made 
an in-depth investigation in other small areas of the total crash problem. 

In closing, let me cite an example of one of the people I previously mentioned
the gambler. During one of the study phases, it was found that a school bus driver 



49 

with children entered a ramp in the wrong direction, drove down the highway for about 
half a mile, and exited in the wrong direction for a considerable period of time before 
he was caught. Now let me ask you, what kind of man is this who would expose your 
children or anyone's children to this sort of hazard just to save a half mile of additional 
driving? 

ALGER F. MALO, Director of Department of Streets and Traffic, Detroit-This study, 
describing the characteristics of drivers involved in wrong-way incidents and acci
dents, is a subject of considerable importance. The answer to this problem is being 
sought by highway and traffic engineers responsible for the design of expressways and 
freeways. The study not only collects biographical and environmental information 
concerning the wrong-way driver, but also reveals the time and circumstances 
under which the violation occurs. It is not surprising to note that weekends and the 
hours of darkness, especially between 2:00 a. m. and 4:00 a. m., account for a large 
percentage of the wrong-way driving when the figures also reveal that over half the 
drivers "had been drinking." The preventive measures evidently were effective in re
ducing incidents between 10:00 p.m. and 2:00 a.m., but in my opinion the number still 
seems higher than might be expected, especially in the daytime hours. 

It appears significant that wrong-way drivers have an accident rate twice that of the 
average California driver, and that they commit approximately twice as many viola
tions as the average drivers, and that drivers involved in wrong-way accidents had 
accident and violation records approximately the same as a group involved in only 
wrong-way incidents, but had a considerably higher criminal record. They were all 
experienced drivers, however, averaging 25 years of driving and 15,000 miles per 
year. Few had any visual difficulty or any more physical or mental handicaps than the 
average driver. 

It could be concluded that the driver so involved has no regard for law and order, 
and that this characteristic explains his behavior in wrong-way driving. I believe it is 
more likely that these individuals lack understanding of the geometrics of the highway, 
do not read signs or, if so, do not understand their meaning, and are generally care
less drivers. I believe it is more significant that the biggest single group involved in 
this violation is the "blue-collar" worker, and that there are a small number of pro
fessional drivers involved. Another important factor was the large increase noted in 
the percentage of wrong-way incidents occurring on the newer facilities with light traf
fic. This unquestionably indicates that some drivers become involved because of their 
unfamiliarity with the facility, and the light traffic does not provide directional infor
mation such as that experienced on a heavily traveled highway, It does not seem logical 
that anyone, no matter what kind of driving record he may have or what his criminal 
tendencies might be, would drive the wrong way purposely on a high-speed freeway. 

I believe this study adequately reveals the character of the wrong-way drivers and 
satisfactorily fulfills the objective of the project. It appears, however, that if the 
traffic engineer is to approach the solution to this problem, he must know more than 
who the driver is and when he commits the violation. Research to determine why the 
driver mistakes an exit for an entrance is of greater importance if methods are to be 
devised for minimizing this dangerous practice. Unfortunately, it may take drastic 
measures if a large percentage of the drivers as shown in this study "had been 
drinking. 11 

THOMAS N. TAMBURRI, Closure-Both Malo and Wilson have brought up some very 
interesting and pertinent points in their discussions. Mr. Malo commented that, "It 
does not seem logical that anyone, no matter what kind of driving record he may have 
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or what his criminal tendencies might be, would drive the wrong way purposely on a 
high-speed freeway." In the original study (1), approximately one-fifth of the wrong
way motorists intentionally drove the wrong:-way~ In most cases, it was for a short 
distance to eliminate circuitous travel. Probably an additional large percentage were 
also deliberately driving the wrong-way but had sufficient presence of mind not to ad
mit it to the officer. Some wrong-way driving was repetitive, such as that of the 
school bus driver mentioned by Mr. Wilson. 

The author concurs with Mr. Malo that more research, perhaps by human factors 
consultants, is needed to determine why the driver makes his mistake. It is hoped 
that the camera survey currently under way will provide some insight in this area. 

Mr. Wilson raised the question of whether the frequency of incidents observed was 
biased because each study phase did not include the identical 9 calendar months. If 
there are any seasonal fluctuations in wrong-way driving, then, of course, the study 
would be biased. Even so. the bias in comparing any two study periods would be 
limited because only three months would be different. Mr. Wilson also commented 
that the incidents study may have been biased by differences in reporting levels be
tween cities, geographic areas, and individual enforcement officers. This type of 
variation should be random. Geographically, it should be minimal because substan
tially the same areas and cities were involved in each study. 

Although the number of incidents increased in the ramp areas but decreased on the 
freeway lanes ("Other U -turns on off or on ramps" of the second portion of Table 6), 
the change from 10 to 14 is not statistically significant, especially considering the in
creased exposure in Phase ill. 

Only 168 wrong-way motorists were interviewed. The remaining 56 had left the 
state, failed to appear, or were deceased (8). For the eight deceased drivers, there 
was a great deal of data available from their driving records, accident records, and 
from records of the Bureau of Criminal Statistics and the California Department of 
Public Health. However, because of the small sample size, it was felt that any com
parison of these eight drivers with the remaining 216 would be meaningless. 




