
PEDESTRIAN CROSSWALK STUDY:

ACCIDENTS IN PAIÑTED AND UNPAINTED CROSSWALKS

Bruce F. Herms, Traffic Engineering Section, City of San Diego

This is a report of a study of pedestrian accident experience at unsig-
nalized intersections and whether it is less in marked or unmarked cross-
walks. Accident experience covering a 5-year period was studied at 400
intersections, each having one marked and one unmarked crosswalk crossing
the main thoroughfare. In addition, pedestrian and vehicle traffic charac-
teristics were sh¡died to determine the pedestrian's relative use of marked
andunmarkedcrosswalks and his exposure to vehicular traffic. The results
showthatduring the 5-year period 177 pedestrians were hit in the 400 marked
crosswalks compared with 31 pedestrians hit in the 400 corresponding un-
marked crosswalks. This included 18 fatalities in the marked crosswalks
versus 3 fatalities in the unmarked crosswalks. In general, the study
showed that, in terms of the number of pedestrians using the crosswalks,
approximately twice as many pedestrian accidents occur in marked cross-
walks as in unmarked crosswalks. Evidence indicates that the poor acci-
dentrecord of marked crosswalks is not due to the crosswalkbeing marked
as muchas it is a reflection on the pedestrian's attitude and lack of caution
when using the marked crosswalk. Recommendations include a pedeshian
education program and timiting crosswalks to only those locations where
warranted.

.PAINTED or marked pedestrian crosswalks (the terms "painted" and "marked" are
used interchangeably in this report when referring to crosswalks) are one of the most
commonly used pedestrian traJfic control devices. Yet, Iittle research has been con-
ducted to evaluate their effectiveness as a "safety" device. An obvious approach
toward checking this effectiveness would be to compare the accident experience of a
marked crosswalk with that of an unmarked crosswalk.

One of the difficulties encountered when conducting a comparison study is the prob-
lem of maintaining equivalent conditions. II one intersection is compared with another,
it is likely that a multitude of unrelated variables will enter the picture: differences in
volume, turning movements, orientation, and environment, to name a few. If the same
intersection is compared with itself on a before-and-after basis, it is possible that
other undetectable variables may occur with respect to time: shifting traffic patterns,
unrelated weather conditions, and seasonal differences.

PHASE I

Phase I of this study attempted to keep the variables to a minimum by adopting the
following criteria:

1. Use of a single time period;
2. Use of only those intersections that have one painted crosswalk and one unpainted

crosswalk, both crossing the same main thoroughfare (Figs. 1-4)-this means that, for
all practical purposes, the vehicular traffic crossing each painted crosswalk would be

nearly the same as the traffic crossing the corresponding unpainted crosswalk;
3. Use of only those crosswalks crossing the major flow of traffic-crosswalks on

minor legs were not considered;
4. Use of only unsignalized intersections;
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Figure 1. Aerial view of First
Avenue at Juniper Street, a typical
zt-leg perpendictrlar intersection
having one marked and one

unmarkd qosswalk acrocs the
main thoroughfaæ. Minor streets

are controlled by ctop signs and

stop bars. ADT on the main street

b approximately 5,800 vehicles Per

day; total pedestrian volume
crosing the main stre€t ¡3 about
1,1ü) persons per day.

Figure 2. Motorist's view of marked

crosswalk at First Avenue and
Juniper Street from about 100 ft
avvay.

Figure 3. Pedesfian's view of
marked crosswalk at F¡rst Avenue
and Juniper Street; approx¡mãtely
780 pedestrians use th¡s crossltralk
each day. Crosswalk is delineated
by næans of plastic mate¡ial.

Figure 4. Pedestr¡an's view of
unmarked crosswalk at First Avenuo
and Juniper Street; approximæely
320 pedest¡ian¡ use th¡s crossrvalk
each day.
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5. Exclusion of school crosswalks because the nighttime visibility characteristics
of the yetlow paint might affect tlre study results;

6. Exclusion of midblock crosswalks; and
7. Exclusion of any intersection having unusual flow patterns, sight distance prob-,

lems, or unusual geometrics that could affect the results (Tee intersections and offset
intersections were included).

To further minimize the effect of chance variables, it was decided to obtain as large
a sample as possible and extend the observations over as long a period as practical.
Therefore, a 5-year observation period was established, and a total of 400 inbersec-
tions were found that met the necessary criteria (fig. S).

In tallying the pedestrian accidents during the study period, several other guidelines
were adopted to ensure consistency.

1. In the painted crosswalk, only those pedeshian accidents occurring within rne
confines of the crosswalk were counted.

2. In the unpainted crosswalk, where it might be difficult for the reporting officer
to determine the crosswalk limits, it was decided to count ail pedestrian accidents
within an arbitrary 20-ft zone to make cert¿in that no borderline pedestrian accident
was overlooked. (ttris in effect amounted to overcounting the pedestrian accidents at
the unpainted crosswalk. )

3. No bicycle accidents were counted as pedestrian accidents.
4. Only valid pedestrian accidents were counted. If, for example, a person lüere

struck while directing traffic, it would not be counted as a typical pedestrian accident.
5. In those accidents involving more than one pedestrian, the age of ttre eldest

pedestrian was used for age tally purposes.

. PH.ASE tr

It is recognized that an accident study of painted and unpainted crosswalks at the
same intersection would be of questionable value unless it could be related to the
amount of pedestrian use. In other words, if no pedestrians use a certain route, one

would hardly expect any pedestrian accidents to occur there.
To clarify this matter, it obviously would be desirable to have pedestrian counts at

each crosswalk to correspond with the accident history. Comprehensive. pedestrian
volume counts are difficult and expensive to obtain. In the initial study (Phase I), a

compromise procedure was adopted whereby 4-hour manual counts were obtained at
4O oi ttre 400ìntersections. Thóse counts covered the period from 2 to 6 p.m. (O.

Because these counts covered such a short period of the day, it was felt that the
data were not necessarily indicative of the overall daily pedestrian traffic. Fortu-
nately, under provisions of the Federal Highway Safety Act of 1966 and with the as-
sistance of the Caiifornia State Office of Traffic Safety, the City received a grant to
make it possible to gather additional pedestrian volume data based on 24-hour counts
(phase II).

Several possibilities for conducting this study were explored, including the possible
use of time-lapse 16-mm cameras. But in view of the amount of data to be tabulated
and analyzed, it was decided that conventional manual counting techniques performed
by part-time student engineers would be the most efficient and economical method'' 

Èxcluding periods when schools are not in regular session, there are approximately
1?5 weekdays per year that qualify for making counts, assuming satisfactory weather
and counting conditions. In terms of available time and personnel, it would take over
2 years to count all 400 intersections. Therefore, it was decided to provide a 10 per-
cent sample by counting 40 intersections, each for 24 hours. This involved about 2

months oi counting time. These counts were made during the fall of 1969 (Oct. fO

through Dec. 18, excluding weekends and holidays).
Briefly, the counts were obtained by using a team of men counting from midnight to

midnight in eight 3-hour shifts. Supplementary help was provided whenever it appeared
advisable. The count personnel were screened and indoctrinated in the office. Train-
ing was accomplished in the field by having the new count personnel make duplicate field

t¿lt;i,ixii i?(liLli,i!'.



;¡rlrlrárålllil*i .i:*iìi¡ilÞJiji'j(i{

4.
Figure 5. Location map of croswalks under study.
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counts along '¡¡ith experienced cre!,vmen until they learned the procedure and 
"oof¿ 

**il-
tain consistently accurate counts. Close liaison was maintained with the field crew at
all times during the counting operations to ensure continuity and quality of data.

In order to obtain compatible data, manual counts were limited to nonholiday week-
days. In the event of inclement weather, accidents, construction, or other conflicting
conditions, supplementary eounts were made to ensure representative data. To ensure
further compatibility of data, counts were made only at 4-1eg perpendicular intersec-
tions atwhich the main thoroughfare carries two-way traffic.

Standard intersection manual counting procedures were employed using an intersec-
tion tally board that counted (a) the vehicular traffic entering the intersection on each
leg by individuat traffic movements-right turns, straight-through, and left turns-and
þItfre nondirectional pedestrian traffic crossing each leg of the intersection (fig. 0).

In view of the mass of fietd data to be tabulated and analyzed during and after the
field study, it was decided to utilize the City of San Diego's IBM 360 computer. To'
facilitate this, ttre field sheets were designed as source documents (fig. Z). This per-
mitted direct keypunching and subsequent computation and summarization by electronic
data processing.

A special computer program was prepared that summarized and printed the count
data, exposure ratios, and crosswalk use ratios for rach intersection and then com-
bined each data element to provide a composite intersection count representing all of
the intersections counted (Table 3).

To aid in the evaluation of the volume data at the 40 intersections, a supplementary
5-year accident analysis was made for the 40 intersections only. In past years, the

City of San Diego maintained only 3 years plus the cu¡rent year of accumulated traffic
accident records in its files. This policy was changed in 1968 to permit the accumula-
tion of 5 years of accident records. Unfortunately, the 1963 accident records were no
longer available for the purpose of making a 4O-intersection composite collision diagram
analysis (fig. fZ). Consequently, the latest 5-year period was used, covering January
1, 1965, through December 31, 1969.

FTNDINGS

Table 1 gives the number of pedestrian accidents occurring in marked and unmarked
crosswalks by month and year. The total number of fatal pedestrian accidents occur-
ring in the 400 intersections during the 5-year period was 18 in the marked crosswalks
and 3 in the unmarked erosswalks. This represents an accident ratio of 6:1. During
this same period, the total pedestrian accidents (fatal and nonfatal) occurring was 17?

in marked and 31in unmarked crosswalks, representing a ratio of 5.?:1.0. The month
showing the highest 5-year accumulation of acci.dents is December, with 24 accidents
occurring in marked crosswalks and ? accidents in unmarked crosswalks. July was

the month during which the least number (7) of pedestrian accidents occurred in marked
crosswalks. September showed a surprising record of no pedestrian accidents occur-
ring in the unmarked crosswalks for the 5-year period.

In Table 2 the number of pedestrian accidents in marked and unmarked crosswalks
is arranged by day of week and time of day. In the marked crosswalks the highest in-
cidence of accidents occurred on Saturday, with 38 accidents; the lowest incidence was
on Tuesday, with 13. In the unmarked crosswalks, the highest incidence of accidents
was on both T\resday and Friday with 7 accidents each; the lowest incidence was on

Wednesday, with 1 accident.
Figure I shows pedestrian accidents in marked and unmarked crosswalks compared

by pedestrian age groups. As might be expected, the highest incidence of pedestrian
accldents involves the very young and the very otd in both the marked and unmarked
crosswalks. For example, the highest incidence of accidents for both the marked and

unmarked crosswalks involved those persons ?0 years or older, with 35 accidenis in
marked and ? accidents in unmarked crosswalks. This was followed closely by the 5-
to 9-year age group, with 29 accidents in marked and 6 accidents in unmarked cross-
walks. There were, however, some surprising paradoxes found in the remaining age
group data. For example, the 65- to 69-year age group was involved in 13 accidents
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Figure 6. St¡dent engineer making
rnanual count at intersection.
Pocket natdr is used for timing the
count; supplementaÌy t¡mer on
dashboard is uæd to wam penonnel
in ¡dvance of the count-recording
¡nterval each half hour.

Figure 7. Student engineer
recording count data on special
field form adapteil for subsequent
keypunchíng and electronic data
procesing.

Table 1. Pedestrian accidents in marked and unmarked crosswalks by monfü and year.
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Table 2. Pedestrian accidents in marked and unmarked crosswalks by time and day
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Figure 8. Pedestrian accidents in marked and unmarked crosswalks by aç group (based on 5 yearr of data at 400
intersections).
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in marked crosswalks but showed no involvement during the same period in unmarked
crosswalks. Similarly, the 25- to 44-year age group showed an involvement of 25 ac-
cidents in marked crosswalks, but during this same period they showed no accident in-
volvement in unmarked crosswalks.

Figure 9 is a graph of pedestrian accidents occurring in marked and unmarked
c¡osswalks plotted as a function of the time of day. The time intervals showing the
highest incidence of accidents during the 5-year period are 5 to 6 p. m., with 26 acci-
dents, and 6 to ? p. m., with 23 accidents. These accidents occurred in marked cross-
walks. Interestingly, the unmarked crosswalks showed no accidents during the same
time intervals. This represents an accident ratio of 49:0. The unmarked crosswalks
showpeakaccidents occurring at 6 to ? a.m., with 5 accidents, and I to g p.m., also
with 5 accidents. The accident ratio is 5.7:1.0 in marked versus unmarked crosswalks.

Table 3 is the manual count summary for the composite 40 intersections (Phase II).
This is based on the 24-hour pedestrian and vehicle volume counts made at 40 of the
400 unsignalized intersections having marked and unmarked crosswalks. The exposure
ratio indicates the ratio of vehicles to pedestrians crossing the major street at the
marked (leg f ) and unmarke¿ (leg 3) crosswalks. The crosswalk use ratio indicates
the ratio of pedestrians using the marked crosswalk versus the number of pedestrians
using the unmarked crosswalk. This is shown as 2.86 pedestrians using the marked
crosswalk to 1.00 pedestrian using the unmarked crosswalk.

Figure 10 is a gfaph of pedestrian volumes in marked and unmarked crosswalks
ptotted as a tunction of the time of day. The volume ratio (crosswalk use ratio) is 2.9
persons crossing in the marked crosswalks to 1.0 person crossing in the unmarked
crosswalks.

Figure 11 is an intersection traffic flow diagram showing the composite volumes for
the 40 sample intersections.

Figure 12 is a collision diagram showing the pedestrian accidents in the marked and
unmarked crosswalks at the composite 40 sample intersections. Pedestrian accidents
are based on the most recent 5-year period (1965-1969). From this diagram it can be
seen that 56 pedestrian accidents occurred in the marked crosswalk versus 12 in the
unmarked crosswalk. This includes 7 fatal pedestrian accidents in the marked cross-
walk versus 3 in the unmarked crosswalk.

A further analysis can be made that relates the accidents to the relative position of
the pedestrian and vehicle. Of importance here is (a) whether the vehicle is approach-
ing the crosswalk from the nearside or far side of the intersection and (b) whether the
pedestrian is just starting to cross the street or just finishing crossing the street.
Note that "finishing" in thls analysis means that the pedestrian is over halfway across
the street. Of special interest in this group of accidents is the fact that the greatest
number of pedestrian accidents (24, including 5 fatal) occurred at the "far-sidefinish"
position. In other words, the vehicle struck the pedestrian on the far side of the inter-
section while the pedestrian was finishing crossing the street. This is contrary to the
popular expectation that the majority of pedestrian accidents tend to occur at the "near-
side starting" position. In fact, the nearside starting position showed up somewhat
favorably in this analysis, with only 6 pedestrian accidents, none fatal. These 6 acci-
dents represent only 8.8 percent of the total 68 pedestrian accidents occurring in the
40 sample intersections. Also of interest is the fact that only 2 of the 68 pedestrian ac-
cidents (on the major street) involved vehicles making turning movements from the
minor street. Both of the turning accidents involved left turns. There were no pedes-
trian accidents involving right-turning vehicles in this sample of 40 unsignalized inter-
sections.

Of special concern is the high proportion of nighttime accidents involving pedestrians
being hit after they were over halfway across the street. One explanation is that the
approaching vehicle's head lamps are not illuminating_ the pedestrian sufficiently and in
time to permit the motorist to stop. lA¡other study (10) shows that under certain con-
ditions the pedestrian may be some distance from the þoint of impact at the moment the
motorist must perceive the danger and come to a safe stop. I Pedestrians should be
made aware of this potential danger so that they avoid walking into the path of an on-
coming vehicle at night, thinking that the vehicle will stop in time.



Figure 9. Pedætrian accidents in marked and unmarked crosswalks as a function

of time of day (based on 5 years of data at 400 ¡ntersections)'
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Figure 10. Pedestrian volume in
nurked and unmarked croswalks æ a

funct¡on of time of day (bæed on

24hour manual counts at 4{)

intersectionsl.

Figure 11. lntersect¡on traffic flow
diagram showing composite volumes
of ¡10 intersections (based on 2¡l-hour
manual count daü¡ at 40 intersectionsl'
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Figure 12. lntersection collision diagram showing composite collisions involving pedestrians in marked versus

unmarked crosswalks at ¿10 ¡ntersections (based on 5 years of datal.
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It should be noted that27 of these "finishing" accidents, including 5 fatat accidents,
involved pedestrians crossing in marked crosswalks. Therefore it would appear de-
sirable, whenever marked crosswalks are installed, that special consideration be given
to nighttime visibility and illumination.

3 CONCLUSIONS

The results of this study show that pedestrian accident ratios and crosswalk use
ratios tend to cover a range of values depending on the type of intersection where the
crosswalk is located. But, in general, more pedestrian accidents occur in marked
crosswalks than in unmarked crosswalks by a ratio of approximately 6 to 1. Further
comparison of the volume of pedestrians using the marked and unmarked crosswalks
shows that the crosswalk use ratio is approximately 3 to 1. This would indicate, in
terms of use, that approximately twice as many pedestrian accidents occur in marked
crosswalks as in unmarked crosswalks.

Evidence suggests that this poor accident record is not due to the crosswalk being
marked as much as it is a reflection on the pedestrians' attitude and behavior when
using the marked crosswalk.

In general, marked crosswalks have the following advântages.

1. They may help pedestrians orient themselves and find their way across complex
intersections.

2. They may help show pedestrians the shortest route across traffic.
3. They may help show pedestrians the route with the least exposure to vehicular

traffic and traffic conflicts.
4. They may help position pedestrians where they can be seen best by oncoming

traffic.
5. They may help utilize the presence of luminaires to improve pedestrian night-

time safety.
6. They may help channelize and limit pedestrian traffic to specific locations,
1. They may aid in enforcing pedestrian crossing regulations.
8. They may act, in a limited manner, as a warning device and reminder to motor-

ists that this is a location where pedestrian conflicts can be expected.

Marked crosswalks also exhibit some disadvantages.

1. They may cause pedestrians to have a false sense of security and to place them-
selves in a hazardous position with respect to vehicular traffic.

2. They may cause the pedestrian to think that the motorist can and will stop in all
cases, even when it is impossible to do so.

3. They may cause a greater number of rear-end and associated collisions due to
pedestrians not waiting for gaps in traffic.

4. They may cause an increase in fatal and serious-injury accidents.
5. They may cause an increase in community-wide accident insurance rates.
6. They may cause a disrespect for all pedestrian regulations and traffic controls.

Unjustified and poorly located marked crosswalks may cause an increased expense
to the taxpayers for installation and maintenance costs that may not be justified in terms
of improved public safety. Indeed, such crosswalks may tend to increase the hazard to
pedestrians and motorists alike. Therefore, the following recommendations are pre-
sented for further consideration and implementation.

RECOMMENDATIONS

1. Existing crosswalk warrants should be reviewed and updated. Special consider-
ation should be given to pedestrian channelization needs, nighttime illumination, vehicle
approach speed, and motorist inability to see pedestrians or the crosswalk at the criti-
cal safe stopping distance.

2. No new crosswalks should be installed unless they meet the conditions establishec
by the warrânts.

3. Existing crosswalks should be reevaluated to see whether they meet the revised
warrants.
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4. Efforts should be made to reeducate pedestrians regarding the limitations of the

marked crosswalks and to alert them to some of the special hazards that they may en-
counter while crossing streets.

5, Attention should be given to the long-range needs of the pedestrian when planning
new communities and developing existing communities in order to reduce the conflict
between pedestrian and vehicle.

6. Research should be continued on a national scale to gain a better understanding
of the pedestrian safety problem and to seek workable solutions and alternatives to the
problem.

In conclusion, it is appropriate to restate that marked crosswalks will continue to
be a useful traffic control device. But it is important that the general public recognize
what marked crosswalks can and cannot do. It is also important that public officials
not install them unless the anticipated benefits clearly outweigh the risks discussed in
this report.
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