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Abstract

The purpose of this article is to examine the safety of pedestrian crossings in the urban environment in terms of
the accident rate at crossings with one or multiple same-direction lanes without a traffic signal. The study uses
accident data such as the number and severity of injuries and the age of participants to identify risk factors and
evaluate the impact of crossing design on safety. The findings provide recommendations for improvements and
are intended to be used for the revision of the CSN 73 6110 standard in order to improve the safety of the
pedestrians.
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1 INTRODUCTION

The pedestrian is the most vulnerable road user. In a collision with a vehicle, the deformation zones of the vehicle,
higher speed, and other passive safety features available to vehicle passengers, such as seat belts, work in the
vehicle’s favour. The article focuses on pedestrian crossings, which are locations where the path of a vehicle
intersects with the path of a pedestrian, and as a result, there are potential collision risks. Safety at pedestrian
crossings is an important aspect of urban traffic planning. The current standard CSN 73 6110 prohibits the design
of pedestrian crossings over multiple same-direction lanes without traffic signals, regarding traffic lights as a safety
measure [1]. In fact, previous versions of this standard only recommended adding a pedestrian refuge island when
crossings included multiple lanes [2].

It is crucial to address traffic safety comprehensively, as highlighted by the Swedish Vision Zero initiative, which
aims to eliminate all road traffic fatalities and serious injuries [3]. This approach reduces risks and ensures safety
for all road users, including pedestrians. Therefore, this study is necessary to create safer urban environments by
studying pedestrian crossing safety.

This article attempts to explore whether the assumption that crossings across multiple lanes are by nature riskier
than those across a single lane is valid in its assumption. Through comparing accident rates and severity at
crossings of one versus multiple same-direction lanes without signalization, the study attempts to determine
whether multi-lane crossings are always more hazardous, or if they only become riskier under certain conditions
(such as when a crossing lacks a refuge island or adequate lighting).

Existing literature has focused on various aspects of pedestrian safety. For example, in Slovakia, the use of
headphones and mobile phones at unsignalized pedestrian crossings and their impact on safety were investigated
[4], and in Los Angeles, the impact of a low-cost sign that warned pedestrians at crosswalks to put down their cell
phones was assessed [5]. But fewer studies have directly compared the safety of single-lane and multi-lane
crossings without traffic signals.

Further insights into pedestrian safety at unsignalized crossings have been offered by recent European studies.
Budzynski et al. analysed over 2,000 unsignalized crossings in Poland, identifying infrastructure-related risk
factors such as crossing length, lighting, and lane configuration. Their findings showed that road design
significantly influences driver behaviour and may increase risks for pedestrians—especially in countries like
Poland, where pedestrians account for more than 30% of all traffic fatalities [6]. Olszewski et al. introduced a new
safety assessment tool, the Dangerous Encounter Index (DEI), which uses video analysis to quantify risky
interactions between pedestrians and vehicles. Their research demonstrated that crossings with two or more lanes
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pose greater risks than single-lane crossings, even under similar traffic conditions [7]. In the Czech context,
Adamek and Burgr analysed accident data at intersections in Prague and found that signalized intersections are
not automatically safer. In fact, they can introduce specific risks such as sudden braking or driver indecision at
yellow lights if not implemented where traffic capacity demands it [8].

Using statistical analysis of publicly available accident data, this study tests the hypothesis that the risk associated
with multi-lane crossings is justified.

2 METHODOLOGY

This study aims to analyse accident rates at pedestrian crossings over one and multiple same-direction lanes
without traffic signals. The methodology includes data collection, statistical analysis, and evaluation of accident
rates to determine potential risk factors. The main steps of the research process are as follows.

Data Collection

Selection of Pedestrian Crossings

For the purposes of this study, a comprehensive survey of pedestrian crossings without traffic signals was
conducted in various urban areas across the Czech Republic. All identified multi-lane crossings were included in
the analysis. For single-lane crossings, a random sample was selected to ensure representativeness. A total of
60 single-lane crossings (30 in Brno and 30 in Prague) and 60 multi-lane crossings (25 in Brno and 35 in Prague)
were analysed. The selection of specific crossings is shown in Fig. 1, Fig. 2, Fig. 3, and Fig. 4.
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Fig. 1 Single-lane crossings in Brno [9].
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Fig. 2 Single-lane crossings in Prague [9].
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Fig. 3 Multi-lane crossings in Brno [9].
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Fig. 4 Multi-lane crossings in Prague [9].
Accident Data Collection

Accident data, such as the severity of injuries, number of participants, gender of those involved, property damage,
and time of day, were obtained from publicly available records provided by the Czech Police to the Transport
Research Centre (Centrum dopravniho vyzkumu) [10]. These comprehensive datasets formed the basis for the
statistical analysis and evaluation of accident risk factors.

To ensure relevant data for the analysis, accidents were filtered over a five-year period, from 30/06/2019 to
30/06/2024. This five-year time frame is commonly used in road safety audits to ensure there are enough accidents
to analyse while minimizing the effect of potential changes in the road infrastructure. The primary filtering
condition was accidents caused by "pedestrians on marked crossings", which includes all accidents involving
pedestrian crossings reported to the Czech Police. This filter, in addition to the most common accidents, such as
collisions between vehicles and pedestrians, also includes collisions between two vehicles in which one vehicle
stops to let a pedestrian pass at a crosswalk and the other crashes into it from behind. It also includes accidents
where cyclists are riding across the crossing (who, under the law, are not considered pedestrians) and collide with
a vehicle. The process of filtration is shown in Fig. 5.

Each accident displayed on the interactive map has been manually checked for research purposes using detailed
information about the incident to verify whether it really belongs to the crossing or if it is misplaced. GPS
coordinates are provided by police officers and put into the system retrospectively, so they are not always accurate,
and simply looking at the map without further verification could distort the results.
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Fig. 5 Accident Data Filtering [10].
Average Daily Traffic Intensity

Traffic intensity data is significant in evaluating the risk of accidents at pedestrian crossings. For each crossing
selected, the average daily traffic intensity (vehicles per 24 hours) was recorded [11], [12]. High traffic volumes
are often linked to increased accident rates, and these statistics help in identifying which crossings are most
dangerous to pedestrians.

Calculation of Relative Accident Rate Indicator

To compare the accident rates between different types of crossings, the relative accident rate indicator (R) was
calculated [13]. This indicator is commonly used to evaluate road safety based on the number of accidents per unit
of traffic exposure. The formula (1) is as follows:

No

R= x 106, (1)

T 365xIXt

where R is the relative accident rate, measured in accidents per million vehicles per year; Ny is the number of
accidents; I is the average daily traffic intensity, in vehicles per 24 hours; and t is the time period, in years.

This indicator is typically used to assess the safety of a road section, with values above 1.6 indicating significant
safety concerns [13].

Data Analysis

Comparison of Accident Rates

Accident data were compared for pedestrian crossings over one and multiple same-direction lanes without traffic
signals. The goal was to find out if crossings over multiple lanes naturally have a higher accident rate, or if the
risk is conditional upon factors such as the presence of pedestrian refuge islands, lighting, or traffic intensity.
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Statistical Methods

Simple statistical methods were used for initial data analysis. Future research that will follow up on this article
will use more sophisticated statistical methods, such as regression analysis (to quantify the impact of various
factors on accident rates), correlation analysis (to identify factors with the strongest influence on pedestrian safety),
and cluster analysis (to group crossings based on their accident rates and identify common characteristics of high-
risk crossings).

Optimization and Revision of CSN 73 6110

Based on the analysis, recommendations will be developed to improve pedestrian crossing safety. The findings
from this study will be useful in the revision of the CSN 73 6110 standard, which defines the requirements for the
design of pedestrian crossings in urban areas. The research will provide important evidence that can help in the
development of future modifications to the standard and enhance pedestrian safety across the Czech Republic.

3 RESULTS

Sample Selection and Accident Data

For the comparison, 60 crossings over single-lane same-direction roads (30 in Brno and 30 in Prague) and
60 crossings over multi-lane same-direction roads (25 in Brno and 35 in Prague) were selected. Crossings were
chosen via random sampling. All identified multi-lane crossings were included in the analysis. For single-lane
crossings, a truly random selection was ensured to avoid distortion considering the abundance of such crossings.
Accident data were calculated only after the selection to maintain objectivity.

Summary of Accidents

The overview of the number of accidents, their severity, and the median annual accident rates is presented in
Tab. 1.

e Single-lane crossings: 88 accidents, median accident rate: 0.030.
e  Multi-lane crossings: 77 accidents, median accident rate: 0.056.

Tab. 1 Overview of Accident Data by Single-Lane and Multi-Lane Pedestrian Crossings.

Number of Relative Minor Serious Fatalities Accidents

Accidents  Accident Rate  Injuries Injuries per Year
Multi-Lane 77 0.030 66 10 0 0.200
Single-Lane 88 0.056 76 16 1 0.200

Statistical Distribution of Relative Accident Rates

As shown in Fig. 6 and Fig. 7, both single-lane and multi-lane crossings have skewed distributions with outliers
that affect the mean. This indicates that medians are reported, as they better represent the typical values.

DOI 10.13164/juniorstav.2025.25034



27t INTERNATIONAL JUNIORSTAV 2025
SCIENTIFIC

CONFERENCE SECTION 05
oL E R CIVIL ENGINEERING MANAGEMENT

40

35

30

25

20

[0,00, 0,05] (0,050,101 (0,10,0,15] (0,15,0,20] (0,20,0,25] (0,25,0,30] (0,30, 0,35]

Fig. 6 Histogram of Accident Frequency for Multi-Lane Pedestrian Crossings.
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Fig. 7 Histogram of Accident Frequency for Single-Lane Pedestrian Crossings.

Driver and Pedestrian Demographics

The median age of the driver involved in the accident is 50 years, which implies that older drivers are more likely
to be involved in accidents. The median age of the pedestrians involved in accidents is 28 years. The age
distribution of drivers and pedestrians is shown in Fig. 8 and Fig. 9.
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Fig. 8 Histogram of Driver Age Frequency.

Fig. 9 Histogram of Pedestrian Age Frequency.

Gender of Drivers

As displayed in Fig. 10, 64% of the accidents were caused by male drivers, 29% by female drivers, and in 7% of
cases, the driver’s gender was unknown because the driver left the accident scene.

Unknown
7%

Fig. 10 Gender Distribution of Drivers Involved in Accidents.
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4 DISCUSSION

Interpretation of Accident Rates

The analysis found that the annual accident rates at single-lane and multi-lane crossings are comparable, which
contradicts the expectation that multi-lane crossings are more dangerous. This challenges the assumption that the
number of lanes is the primary factor determining the safety of crossings. Instead, it suggests that other factors,
such as the presence of a refuge island or adequate lighting, may play a more significant role.

Children Aged 10-15 Years

The data shown in Fig. 9 indicate that children in the 10-15 age group are most frequently involved in pedestrian
accidents. This may be because children who have reached adolescence are usually no longer accompanied by an
adult. However, this age group still has an immature brain that cannot fully assess all the risks associated with
crossing the road, so they may be negatively affected by, for example, mobile phones, peer pressure, or simply
misjudge the speed and distance of a vehicle.

This finding suggests that educational campaigns targeting this age group could significantly reduce the number
of'accidents at pedestrian crossings. Construction modifications may not play such an important role in this regard.

Older Drivers (50+ Years)

The median age of drivers involved in accidents is 50 years, which suggests that older drivers are more likely to
be involved in accidents. This may be due to a generational factor related to the level of adaptation to traffic rules,
especially the change in the pedestrian priority rule introduced in 2006 [14], [15]. Drivers who were licensed
before this change may have difficulty adhering to the new rules, increasing the accident rate.

Gender of Drivers and Public Misconceptions

The study finds that male drivers were involved in 64% of accidents, a figure close to national statistics, which
state that 63% of active drivers are men [16]. Female drivers were involved in 29% of accidents, and in 7% of
cases, the driver’s gender was unknown because the driver left the accident scene. These findings challenge the
common stereotype that women are riskier drivers and instead show that accident rates correspond closely to
driving activity levels across genders.

Limitations and Future Directions

This study focused on crossings without traffic signals; therefore, the findings cannot be generalized to other types
of crossings.

More attention should be given to the behavioural aspects of driver—pedestrian interactions in future research.

Further studies could help to establish how the change in the rule concerning pedestrian priority in 2006 has
influenced the safety features of traffic flows over time.

5 CONCLUSION

This study analysed the accident rate at pedestrian crossings without traffic signals, comparing single-lane and
multi-lane crossings. The findings from this research will support the revision of the CSN 73 6110 standard.

The findings show that the mean annual accident rate for both types of crossings is similar, suggesting that the
number of lanes alone does not have a direct impact on safety. No crossing type exceeds the critical threshold of
1.6 accidents per year, suggesting that pedestrian crossings, in general, are not inherently dangerous. Instead,
attention should shift to specific factors that could increase the risk at certain crossings, such as the presence of
pedestrian refuge islands and adequate lighting.
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The study found that children aged 10—15 are involved in the highest number of pedestrian accidents, highlighting
the need for targeted educational initiatives for this group.

In addition, older drivers and younger pedestrians were identified as the most frequent accident participants,
suggesting a generational gap in risk awareness. Contrary to common stereotypes, the study found no evidence
that female drivers are more prone to accidents than male drivers.

Future research should expand the sample size to confirm the findings. Further analysis could compare accident
rates at crosswalks only during the day, as poor lighting can adversely affect all types of crosswalks, regardless of
the number of lanes.
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