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Introduction 
Dual-carriageway roads with a number of lanes per direction and a built median are common 
in urban areas in Israel and in many countries. Non-signalized marked crosswalks are a 
frequent pedestrian arrangement on such roads. Accident studies showed that non-
signalized crosswalks situated on heavily-trafficked dual-carriageway roads have 
concentrations of pedestrian accidents in urban areas in Israel (Gitelman et al, 2012).  
Among traffic engineers there is an opinion that crosswalk marking instills pedestrians with a 
"feeling of safety" and, when the arrangement is not supported by other measures, it 
sometimes becomes a spot of pedestrian injury. Therefore, it is better to remove the 
crosswalk marking which will force pedestrians to a more strict following of safe pedestrian 
rules or for going to other crossing locations. As a result of this perception, in some local 
authorities in Israel, road markings were removed from non-signalized crosswalks situated 
on multilane dual-carriageway urban roads. The question raised in this context was whether 
this treatment contributes to pedestrian safety. 
 

Literature findings  
A literature study demonstrated that the answer to the question as to the impact of 
crosswalk marking removal on pedestrian safety is not obvious. For example, a summary of 
research studies on pedestrian safety in the United Kingdom (Davies, 1999) reported a study 
that examined the frequency of pedestrian crossings on different types of urban streets: 
arterial, collector and local, as well as, the use of various crosswalk types by pedestrians. 
Based on the exposure data collected, the rate of pedestrian injury was estimated (the 
number of pedestrian casualties related to walking or crossing distance), for each crossing 
type. It was found that, regardless the type of street, the number of pedestrian casualties at 
"zebra" crossings (marked crosswalks without traffic lights), was about two times lower 
compared with sites without marking. On arterial roads, the relation between the two values 
was particularly high, where a "zebra" crossing was found as 100 times safer than sites 
without marking.  
At the same time, a similar summary of the research literature in the Netherlands (Hummel, 
1999) indicated that, at some sites, accident frequency was raised after arranging non-
signalized crosswalks, and, thus, it was concluded that non-signalized crosswalk's installation 
does not improve safety. 
In a study conducted in Sweden (Ekman, 1996), a comparison was made between junctions 
with and without "zebra" crossings, in two cities. The study found that on "zebra" crossings, 
the rate of conflicts between pedestrians and vehicles was higher than on non-marked 
crossings. 
A more recent study from the US (Ragland and Mitman, 2007) showed that, at junctions, 
higher giving-right-of-way to pedestrians was observed at marked crosswalks but better 
following safe rules by pedestrians - at unmarked crosswalks. A recent study from the UK 
demonstrated that installing a marked crosswalk improved giving-right-of-way to pedestrians 
and the use of location for pedestrian crossings (Havard and Willis, 2012). 
One of the most comprehensive studies on the subject was carried out in the US by Zegeer 
et al (2002). The study was based on the analysis of five-year data (1994-1998) of 



2 
 

pedestrian accidents at 1,000 marked crosswalks and 1,000 matched unmarked comparison 
sites, in 30 cities, where detailed data were collected on traffic volumes, pedestrian 
exposure, number of lanes, median types, speed limit, and other road characteristics. The 
study found that on roads with lower traffic volumes, below ten thousand vehicles per day, 
no difference was observed in pedestrian accident rates between marked and unmarked 
crossings. However, on roads with higher traffic volumes, pedestrian accident rates were 
higher for marked crossings (yet, this finding belongs to undivided multilane roads). Based 
on their findings, Zegeer et al (2002) provided recommendations for the use of marked 
crossings – Fig.1. For example, on multilane divided roads with a speed limit of about 50 
km/h (up to 30 mile/h), marked crosswalks were found appropriate when the traffic volume 
is below 12 thousand vehicles per day; for higher traffic volumes, the risk of pedestrian 
accidents may rise if a marked crossing is not supported by other measures. Finally, for 
traffic volumes over 15 thousand vehicles per day a marked crossing only is not sufficient as 
an increase in accident risk is expected and, thus, other measures are required, e.g. traffic 
calming or traffic lights' installation.   
 

 
Notes: C – appropriate; P – risk of pedestrian accidents may rise if not supported by other measures; 

N – not sufficient as an increase in accident risk is expected. 

Figure 1. Recommendations for the use of marked crossings, on various road types, from 
Zegeer et al (2002). 
 
An examination of policy documents from a number of countries demonstrated that a direct 
recommendation on removing marked pedestrian crossings, to improve pedestrian safety, 
cannot be found (Davies, 1999; Hummel, 1999; Ekman and Hyden, 1999; Van Houten and 
Malenfant, 1999; Zegeer et al, 2002; Fitzpatrick et al, 2006; SWOV, 2008). However, it was 

mentioned (Zegeer et al, 2002) that some local authorities in the US support marked 
crosswalks' removal on multilane high-volume roads. There is a consensus that marked 
crosswalks without additional measures are not suited for roads with over 50 km/h speed 
limits and for high traffic volumes (Zegeer et al, 2002; SWOV, 2008).  
It is emphasized that a crosswalk marking removal should be considered as one alternative 
among others, e.g. traffic lights' installation, geometric changes, adding warning measures 
(Zegeer, 2002; Fitzpatrick et al, 2006). Examining a crosswalk marking removal on a specific 

site, the level of risk for pedestrian accidents on a road segment should be evaluated, in two 
cases: with and without the marked crosswalk. Within such an engineering examination, 
features to be accounted for are: distance to the nearby crosswalks, the amount of crossing 
pedestrians, pedestrian characteristics such as age groups, share of disable people (Zegeer, 
2002; Fitzpatrick et al, 2006). 
 

Method 
The purpose of this study was to examine whether crosswalk marking removal contributes to 
pedestrian safety, based on the analysis of road user behaviours and pedestrian crossing 
conditions at sites without crosswalk markings (treatment sites) versus those with the 
markings (comparison sites), where the behaviours are collected through field observations. 
The study's performance included: field surveys, for selecting treatment and comparison 



3 
 

sites; accident data consideration; field observations, by means of speed measurements and 
video recording, with a consequent data coding; estimating behaviour indicators and making 
comparisons of treatment and comparison sites. 
 

Study's treatment and comparison sites 
For the study's performance, six sites were selected, including two treatment sites and four 
comparison sites, where the latter are similar to the treatment site in their road 
characteristics and the type of road environment. The first treatment site (site 1) was 
selected in Beer-Sheba, which is a big city in the south of the country. This is a removed 
crosswalk on a dual-carriageway road section, with a built median, situated between two 
signalized junctions (Fig.2,a). The road is with two lanes per direction and a speed limit of 60 
km/h. The former crosswalk has no zebra marking and no signs; however, during the field 
survey, pedestrians crossing at the location were observed. For the first treatment site, two 
comparison sites were fitted. Such comparison sites could not be found in the same city, due 
to the removal of all un-signalized marked crosswalks, on all road sections, in Beer-Sheba. 
Thus, the comparison sites (sites 2-3) were found in another big city in the south of the 
country, the city of Ashdod (Fig.2, b-c). Both sites are marked crosswalks on a dual-
carriageway road section, with a built median, situated between signalized junctions, with 
two lanes per travel direction and no traffic calming measures applied. During the field 
survey, crossing pedestrians were observed at both sites.  

  
a – site 1 (treatment) 

 

b – site 2 (comparison) 

 

c – site 3 (comparison) 

Figure 2. The treatment site in Beer-Sheba (a) and its comparison sites in Ashdod (b-c). 
 
The second treatment site was found in Tel-Aviv (site 4), a big city in the center of the 
country. This is a removed crosswalk, on a dual-carriageway road section, with a built 
median, two lanes per direction, 50 km/h speed limit and situated between two signalized 
junctions (Fig.3, a). The former crosswalk has no zebra marking, where high-mounted traffic 
signs remained in place. There is a pedestrian fence on the median; crossing pedestrians 
were observed at the site. For the second treatment site, two comparison sites were fitted 
(sites 5-6). They were found in the same city, on the same arterial road. Those are marked 
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crosswalks on a dual-carriageway road section, located between signalized junctions, with a 
built median and a pedestrian fence in the median, and two travel lanes per direction (Fig.3, 
b-c). During the field survey, pedestrians using the facilities were observed. 

 
 

a – site 4 (treatment) 

 

b – site 5 (comparison) 

 

c – site 6 (comparison) 

Figure 3. The treatment site (a) and its comparison sites, in Tel-Aviv (b-c). 
 

Data collection and analysis 
For each study site, accident data were examined for five years, 2006-2011. Furthermore, at 
each site, field observations were carried out, including free-flow speed measurements and 
video-recordings of pedestrian and vehicle behaviours at the crossing site.  
The speed measurements were carried using a laser speed gun, on a sample of 50 vehicles, 

in free-flow conditions, each direction of travel. For each site, speed indicators were 
estimated such as: mean speed, standard deviation, 85-percentile, and a speed distribution 
was built, for each direction of travel. For the examination of differences in speeds between 
the treatment and the comparison sites, statistical tests were applied such as: Kruskal-Wallis 
test and Kolmogorov-Smirnov test for the examination of differences in speed distributions; 
an ANOVA test and a Post hoc (Tukey HSD) test for the comparison of the mean speed 
values. 
Other road user behaviours were collected using video-recordings. At each site, two cameras 
were installed, one camera per each part of the crosswalk (direction of travel). The cameras 
stayed in place for two weekdays, 12 hours on each day, between 8-20 hours. Using video-
records, four data samples were produced per each site: with pedestrians crossing from the 
sidewalk to the median and from the median to the sidewalk, for both parts of the crosswalk. 
Based on each sample, 15 behaviour indicators were estimated including giving-right-of-way 
to pedestrians by vehicles; following safe crossing rules by pedestrians (stopping and 
checking the traffic prior to crossing); conflict occurrences between pedestrians and vehicles 
at the crossing site; waiting time by pedestrians prior to crossing and the time of crossing 
the road. Estimating behaviour indicators, traffic volumes and the amount of crossing 
pedestrians, at the site, were accounted for. The significance of differences between the 
behaviour indicators, at the treatment versus comparison sites, was examined using 
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statistical tests, e.g. GLIMMIX (for proportions) and ANOVA (for mean values).  
 

Results 
Accidents at the study's sites 
Table 1 shows, for each study site, the number of accidents reported in the years 2006-
2011. It can be seen that the total amount of injury accidents was small, where almost all 
accidents occurred in the past, before the crosswalk marking removal. Only a few pedestrian 
accidents occurred at the study's sites, at two sites only, thus, making it impossible to reach 
a conclusion as to the impact of crosswalk marking removal on road accidents. However, it 
can be noted, yet with a caution, that removing crosswalk marking did not bring to an 
immediate increase in the number of pedestrian accidents at the treatment sites. 
 
Table 1. Injury accidents at the study sites, in 2006-2011  

Site  

2
0
0
6
  

2
0
0
7
  

2
0
0
8
  

2
0
0
9
  

2
0
1
0
  

2
0
1
1
  

Total, in six 

years  

Year of crosswalk 

marking removal  

No of accidents 

before  

No of accidents 

after  

1 T  0  0  0  0  0  0  0  2009  0  0  

2 C  1  1  0  0  0  0  2  --  2  0  

3 C  0  0  0  0  0  0  0  --  0  0  

4 T  0  1  0  0  1*  0  2 (1*)  2010  2 (1*) 0  

5 C  2  1*  0  0  2* 1  6 (3*) --  5 (3*) 1  

6 C  0  0  0  0  0  0  0  --  0  0  

Notes: T – treatment, C – comparison site; * no of pedestrian accidents 

 

Speed indicators at the study's sites 
Table 2 shows the speed indicators estimated for each study's site, in each direction of 

travel. The results demonstrated that the sites with removed pedestrian crosswalks were 
associated with higher speeds compared to other sites, at least in one direction of travel, and 
that the speed indicator values at the treatment sites were sufficiently high in order to create 
a threat of severe injury for the crossing pedestrians. 

Table 2. Speed indicators (km/h), at the study's sites 

Site  Direction of travel, from Mean speed  Standard deviation  85 percentile speed 

1 T  south  50.7  5.8  56.7  

   north  44.2  5.6  50.7  

2 C east 36.1  4.5  41.0  

   west 39.7  7.7  47.0  

3 C south  47.2  6.6  54.0  

   north 45.6  7.1  52.0  

4 T  east  55.5  11.7  66.7  

   west  50.4  4.9  55.0  

5 C  east  49.7  7.4  56.0  

   west 41.9  6.4  48.7  

6 C  west  52.3  7.6  59.7  

   east  48.5  6.7  55.3  

Notes: T – treatment, C – comparison site 
 
As an example, Figure 4 shows the speed distributions for the treatment site in Tel-Aviv (site 
4), travel direction from the east, and its comparison sites (sites 5-6). The Kruskal-Wallis test 
indicated that, in general, differences exist among the distributions compared (chi-
square=68.93; p<0.0001), where the Kolmogorov-Smirnov test identified particular 
differences: between the treatment site compared to site 5, in both travel directions of site 
5, and between the treatment site compared to site 6, for one travel direction of site 6, from 
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the east (p<0.05), where for another travel direction of site 6, from the west, the difference 
was not significant. The cases with significant differences related to the treatment site are 
indicated on Fig.4 with "*". 
Furthermore, Table 3 shows the results of the comparison of the mean speeds at the 
treatment site in Tel-Aviv (site 4) with its comparison sites, for both travel directions of the 
treatment site. The ANOVA tests demonstrated that, in general, differences exist among the 
mean speeds of the sites compared, where Post Hoc Tests indicated that the mean speed at 
the treatment site, travel direction from the east, was different from most of the comparison 
sites, while for another travel direction, from the west, the mean speed at the treatment site 
was mostly similar to the comparison sites. It can be noted that the results of the analyses of 
speed distributions and mean speeds were consistent, indicating a significant difference 
between the values of treatment site as opposed to the comparison sites, in one direction of 
travel.  
 

 
Note: * cases with a significant difference as opposed to the treatment site 

Figure 4. Speed distributions at the treatment site in Tel-Aviv (site 4), travel direction from 
the east, and its comparison sites (sites 5-6). 

Table 3. Results of comparison of the mean speeds at the treatment site in Tel-Aviv (site 4) 
with its comparison sites (sites 5-6) 

Site 4 ANOVA test Post Hoc Tests (Tukey HSD)  

From the 

east  

F=18.95, 

p<0.0001 

p<0.01 when compared with site 5, both directions, and with site 6 from 

the east. No difference when compared with site 6, from the west  

From the 

west  

F=17.50, 

p<0.0001 

p<0.001 when compared with site 5, from the west. No difference when 

compared with site 5, from the east, and with site 6, both directions  

 
In a similar way, for the treatment site in Beer-Sheba (site 1), significant differences in 
speed values, as opposed to both comparison sites, were found for one travel direction, from 
the south (p<0.05), where for another travel direction, from the north, the speed values at 
the treatment site were different from one comparison site (site 2; p<0.05) but similar to 

Speed, km/h 

Treatment 
site 4, 
from east 

5* from 
west 

5* from 
east 

6* 
from 
east 

6 
from 
west 
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another comparison site (site 3).  

 
Comparison of behaviour indicators at the treatment versus comparison sites 
Table 4 presents, as an example, the behaviour indicators estimated for the treatment site in 
Tel-Aviv (site 4), for the part of site (crossing) of travel direction from the west, which are 
compared with similar behaviour indicators estimated for the comparison sites, on both parts 
of each site (sites 5-6). At each crossing, a sample of pedestrians crossing from sidewalk to 
the median was considered. 
It can be seen from Table 4 that at the treatment site in Tel-Aviv, the share of pedestrians 
who stopped and checked the traffic prior to crossing was high and mostly similar to the 
comparison sites; the share of giving-way to pedestrians by a first vehicle, on the near or the 
far lane, was low but similar to one of the comparison sites; the share of cases where 
pedestrians crossed after all the vehicles passed was high but similar to one of the 
comparison sites, and the share of conflicts was low and not different from the comparison 
sites. In addition, the number of vehicles passed on the near or on the far lane of the 
treatment site, before a pedestrian started crossing, was high but similar to one of the 
comparison sites; the waiting time prior to crossing was long but similar to one of the 
comparison sites, where the crossing time and the number of pedestrians who crossed, 
before the traffic resumed, was similar among all the sites. 
 
Table 5 presents summary findings from the comparison between behavior indicators at the 
treatment sites versus comparison sites. One can note that, in general, at the treatment site 
in Tel-Aviv, the behaviour indicators were, mostly, not different from the comparison sites. 
Across both parts of the site and both directions of pedestrian crossings, this site is 
associated with high rates of keeping safe crossing rules by the pedestrians, low and 
medium rates of giving-right-of-way to pedestrians, relatively low rates of pedestrian-vehicle 
conflicts at the crossing site and long waiting times by pedestrians prior to crossing, where 
similar values of such indicators were observed at the comparison sites, at least in part of 
the cases considered. 
Conversely, at the treatment site in Beer-Sheba, road user behaviours were, mostly, different 
as opposed to its comparison sites. This treatment site is associated with higher rates of 
pedestrian stops before the crossing compared to the control sites (that demonstrates a 
positive safety-related change), but, at the same time, with very low rates of giving-right-of-
way to pedestrians, a very high frequency of situations where a pedestrian crossed when all 
the vehicles have passed and long waiting times by pedestrians prior to crossing, where the 
values of these indicators at the treatment site were significantly different from the 
comparison sites. Thus, at this site, pedestrian crosswalk removal brought to an obvious 
worsening in the possibility of crossing the road by pedestrians, related to the comparison 
sites.  
Indeed, the shares of pedestrian-vehicle conflicts at the treatment sites were low and 
resembling the comparison sites. However, this result stems, mostly, from a discriminated 
position of pedestrians who are forced to wait long times for a gap in the vehicle traffic on 
the road, prior to their crossing. 
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Table 4. Behaviour indicators at treatment site 4 (crossing of travel direction from the west) 
compared to its comparison sites 5,6 (crossings of both travel directions)*  
a – Indicators given in terms of share (proportion) of cases out of the total 

Behaviour 

indicator 

Treatment 

site 4 

Site 5, from 

the west 

Site 5, from 

the east 

Site 6, from 

the west 

Site 6, from 

the east 

Comparison of 

treatment with 

other sites 
(GLIMMIX#) 

% of pedestrians 
stopped before 

the crossing 94% 88% 87% 94% 95% 

No difference, 
except for site 

5, from the east 

% of pedestrians 
checked the 

traffic before the 

crossing 97% 97% 97% 100% 100% 

Similar to site 5, 
different from 

site 6  

% of giving-right-

of-way to 
pedestrians by 

first vehicle, on 

near lane 4% 15% 34% 7% 6% 

Different from 

Site 5 

% of giving-right-

of-way to 

pedestrians by 
first vehicle, on 

far lane 2% 10% 33% 5% 5% 

Different from 

Site 5 

% of cases where 

pedestrian 

crossed after all 
the vehicles 

passed 73% 58% 34% 66% 72% 

Different from 

Site 5 

% of conflicts 
between 

pedestrians and 
vehicles 4% 11% 4% 0% 0% 

Different from 
most sites, 

except for site 
5, from the west 

b – Indicators estimated as mean values 

Behaviour indicator 
Treatment 

site 4 
Site 5, 

from the 

west 

Site 5, 
from the 

east 

Site 6, 
from the 

west 

Site 6, 
from the 

east 

Comparison of 
treatment with other 

sites (ANOVA#) 

No of vehicles passed in 
near lane before 

pedestrian started 
crossing 4.5  3.8  2.8  5.4  4.1  

Similar to most sites 
except for site 5, from 

the east 

No of vehicles passed in 

far lane before pedestrian 
started crossing 5.6  4.1  2.9  5.8  4.4  

Similar to most sites 

except for site 5, from 
the east 

Waiting time prior to 

crossing, sec  14.9  10.8  7.4  18.3  14.8  

Different from for site 

5, from the east, ∼ 

different from site 5, 
from the west 

Crossing time, sec  5.6  5.4  5.2  5.2  5.9  Similar to all sites 

No of pedestrians crossed, 
before the traffic resumed  1.4  1.2  1.4  1.4  1.3  Similar to all sites 

* Based on samples of pedestrian crossings from sidewalk to the median 
# Different with p<0.05 
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Table 5. Summary: behaviour indicators at the treatment versus comparison sites 
Behaviours examined  Treatment site in Tel-Aviv 

vs. its comparison sites: values at the 
treatment site 

Treatment site in Beer-Sheba 

vs. its comparison sites: values at 
the treatment site 

1) Following safe traffic 

rules by pedestrians 

Similar to comparison sites: 75%-
96% of stopping, 96%-100% of 
checking 

Stopping rates higher, checking 

rates similar to comparison sites: 
100% of stopping, 100% of 
checking 

2) Giving-right-of-way 

to pedestrians by 

vehicles 

Not necessarily worsening vs. 

comparison sites: 0%-4% on part 
1*, 22%-48% on part 2 of the site 

Different and lower vs. 

comparison sites: 0%-4% 

3) % of cases where a 

pedestrian crossed after 

all the vehicles passed 

Not necessarily worsening vs. 

comparison sites: 72%-73% on part 
1, 40%-42% on part 2  

Worsening vs. comparison sites: 

92%-99% 

4) No of vehicles 

passed on the lane 

before a pedestrian 
started crossing 

Not exceptional versus comparison 

sites and relatively high: 4-6 vehicles 
while crossing from the sidewalk, 3-5 
from the median 

Different and higher vs. 

comparison sites: 4-5 vehicles 

5) % of conflicts Not exceptional versus comparison 
sites and relatively low: 3%-6% 

Similar to comparison sites and 
low: 0%-2% 

6) Waiting time prior to 

crossing, sec 

Not exceptional versus comparison 

sites and relatively high: 12.5-14.9 
sec on part 1, 6.3-10.6 sec - on part 
2 

Different and longer vs. 

comparison sites: 9.5-13.3 sec 

7) Crossing time, sec Similar to comparison sites: 5.1-6.1 
sec per crossing part 

Similar to comparison sites: 6.1-
7.9 sec per crossing part 

* At the treatment site in Tel-Aviv:  part 1 – a crossing of travel direction from the west, part 2 – a 

crossing of travel direction from the east 

 

Conclusions 
The study demonstrated that pedestrians continue to cross at sites with removed markings. 
The treatment sites with pedestrian crosswalk removal are associated with higher rates of 
pedestrians following safe crossing rules but also with long waiting times by pedestrians, 
lower rates of giving-right-of-way to pedestrians (in Tel-Aviv) and vehicles ignoring 
pedestrian needs to cross (in Beer-Sheba). 
A lower influence of pedestrian crosswalk removal was observed at the treatment site in Tel-
Aviv, where overhead traffic signs remained in place, probably, because for drivers this 
arrangement continued to serve as a regular pedestrian crosswalk.  
Our conclusion is that pedestrian crosswalk removal brought about a worsening in the 
possibility of crossing the road by pedestrians. The conditions observed at the treatment 
sites, i.e. vehicles ignoring pedestrians which need to cross, long waiting times for 
pedestrians and high vehicle speeds, cannot be recognized as an improvement in pedestrian 
crossing safety, despite a higher obedience of pedestrians to safe crossing rules. Under the 
field conditions examined by the study: a collector/arterial urban road, multilane and 
separated, with high/medium traffic volumes and significant numbers of crossing pedestrians 
- removing a crosswalk marking cannot be recommended as a safety-improving solution. In 
line with the international practice (Zegeer, 2002; Fitzpatrick et al, 2006), detailed site 
conditions and other engineering solutions need to be examined prior to making a 
recommendation on removing pedestrian crosswalk from the site.  
In the future, there is a place for carrying out a study with longer monitoring of the accident 
situation on the road sections where the crosswalk marking was removed, using an "after-
before" analysis. Following such a monitoring, safety benefits of pedestrian crosswalk 
removal can probably be recognized, for certain road and traffic conditions. 
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