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Spatial analysis of road traffic crashes and user based assessment of road

safety: A case study of Rotterdam

Sachita Shahi (@, Mark Brussel ® and Anna Grigolon

Faculty of Geo-Information Science and Earth Observation (ITC), University of Twente, Enschede, Netherlands

ABSTRACT

Objective: To perform a spatial analysis of Road Traffic Crashes (RTCs) and assess road safety issues
from the perspective of road users.

Problem statement: Although many initiatives have been taken to reduce the occurrence and
severity of RTCs, they continue to persist. Existing research often investigates the spatial occurrence
of RTCs or the perception of road safety issues from the road user. In doing this, only a limited
number of factors that contribute to RTCs can be revealed, whereas in most RTC occurrences a
multitude of factors plays a role. A more integrated approach combining both knowledge areas can
contribute to improving road safety.

Methods: RTCs that occurred from 2018 to 2020 in Rotterdam, in the Netherlands, were spatially
analyzed. This was performed using Network Kernel Density Estimation (NKDE) analysis. Two zones
within the study area were selected to understand road users’ perceptions of road safety through a
survey. Furthermore, opinions toward possible recommendations for improving road safety were
also collected through key informant interviews.

Results: NKDE resulted in a hot-spot map of the road segments in the study area that showed the
frequency of RTCs using different colors. The road segments were classified based on the number
of RTCs from 2018 to 2020, ranging from zero to 17.9 RTCs per kilometer. This led to the selection
of a hot and cold spot zone for further analysis. The road user perception survey resulted in the
discovery of qualitative responses that can be used to improve road safety in future and the
possible recommendations would be well received by them. The key-informant interviews acted as
a backup to the opinions given by the road users and provided insights on what is being done in
the study area to improve road safety.

Conclusion: The synthesis of findings unveiled why road users perceive some areas as dangerous
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and which road policies need to be revised to improve road safety in Rotterdam.

Introduction

A road traffic crash implies a situation in which there is a
collision that involves one or more vehicles on the road and
causes damage or injury to either a person, an animal, or a
property (Law and Martin 2009). RTCs can be differentiated
in their degree of severity—fatal, major, minor, and minimal
injuries (Mao et al. 1997). According to WHO (2021), RTCs
cause ~1.3 million deaths and 50 million injuries making it
a leading cause of death of children and young people
worldwide. As a result, governments are determined to make
road safety strategies to reduce the number of casualties
(Jadaan et al. 2018).

According to Cabrera-Arnau et al. (2020), the ratio of the
world population to the number of fatalities has stabilized in
recent years. The data on deaths from the past decade indi-
cate that in 2010, there were 1.28 million road deaths, and
at the end of 2020, the number had dropped only to 1.20
million. This shows that the Sustainable Development Goal
(SDG) target 3.6 to halve deaths due to RTCs by 2020 was

not met. The goal to reduce road deaths and injuries by half
was set again for 2021-2030 by the UN General Assembly
in 2020 (WHO 2021).

In the Netherlands, there were slightly more than 100,000
road crashes in 2020 (CBS 2021). Out of 100,000 road
crashes, 19,700 (around 19.7% of total RTCs) resulted in
serious injuries. This exceeded the national target set for
2020, which was 10,600 (around 10% of total RTCs) (Aarts
et al. 2021). There were 610 deaths in 2020, not much dif-
ferent from the last decade’s average numbers (CBS 2021).
As a result, the national target of 500 deaths in 2020 was
not achieved (SWOV 2021a). The numbers for injuries and
deaths were lower than in previous years but not the lowest
value, which meant that despite the lockdown caused by
COVID-19, there was not much effect on the crash fatalities
trend (SWOV 2021b).

From 2022 to 2021, deaths due to RTCs in the Netherlands
(slightly above 30 deaths per million inhabitants) fell below
the EU average (45 deaths per million inhabitants) (Carson
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et al. 2022). However, according to the same report, the
actual percentage of reduction in deaths in the past decade
(slightly more than 10% in the Netherlands) is far lesser
than the EU average (slightly more than 30%). In the con-
text of RTCs in the European Union countries, only Lithuania
was successful in reducing the number of road deaths over
the last decade (Carson et al. 2022). This implies that
although there is a comparatively lesser number of RTCs in
the Netherlands, they have not reduced much in past years.

RTCs do not follow an equal distribution along the road
network as they are rare occurrences. However, they tend
to be clustered at specific points, which depends on time
(temporal) and place (spatial) (Wang et al. 2021). Identifying
and estimating such clusters or hotspots is important in
traffic safety initiatives (Choudhary et al. 2015). In this
process, Geographical Information Systems (GIS) have
great potential to recognize areas where hotspots occur (Bil
et al. 2019). GIS technology is a popular tool used by
transport planners to visualize locations of collisions for
analyzing hotspots (Prasannakumar et al. 2011). GIS has
been used in road safety research for basic purposes, such
as visualization and mapping of RTCs wusing basic
geo-coding functions as well as for handling large datasets
and variables using data mining and statistical approaches
(Yao et al. 2016).

Identifying hotspots can efficiently aid in allocating the
budget for traffic safety, thus, leading to a sustainable sys-
tem (Sajed et al. 2019). Additionally, the occurrence of
RTCs depends on the risk perception of individuals
(Guerrero et al. 2020). Studies have indicated that risk per-
ception varies on demographic variables, such as gender
and maturity (Lund and Rundmo 2009). Human factors
also contribute to the frequency and severity of RTCs
(Bucsuhazy et al. 2020). A study by Andersson (2011) con-
cludes that individuals believe risks of RTCs as exogenous
or beyond their control, thus leading to under-assessment
of a potentially risky situation. Therefore, it becomes essen-
tial to look at the problem from a road user perspective
when aiming to reduce the occurrence and severity
of RTCs.

There are a few studies that analyze road users’ percep-
tions in addition to spatial analysis of RTCs. For example,
Xie and Yan (2013), Abdulhafedh (2017), and Soltani and
Askari (2017) have performed different methods of spatial
analysis and statistics of RTCs to find spatial relations
among crashes. Conversely, Hallett et al. (2012) studied
the prevalence of risky behavior among road users and De

Blaeij and Van Vuuren (2003) analyzed the risk perception
of RTCs. Many studies that perform spatial analysis of
RTCs do not include how the results are related to the
perception of road users or what can be improved on
roads to prevent crashes in the future. Consequently, unre-
liable results are produced, and critical spatial relation-
ships are missed. The knowledge gap this research aimed
to bridge was to contextualize the results of spatial analy-
sis with the help of road user perception. This research
aimed to perform a spatial analysis of road traffic crashes
and assess road safety issues from the road users
perspective.

Literature review
Spatial analysis of RTCs

Spatially analyzing crashes allows for identifying the pat-
terns, which gives reasons for the formation of hotspots on
interpretation (Shafabakhsh et al. 2017). Different research
studies the spatial relations of RTCs through spatial autocor-
relation with some other factor (like road parameters) or
through spatial analysis of the locations of RTCs. Table 1
below shows an overview of different methods used for spa-
tial analysis of RTCs.

Risk perception analysis of RTCs

Risk perception is a subjective assessment of the probability
of incidence of a specific incident and the level of concern
about risk consequences among the involved people (Sjoberg
et al. 2004). Perception means the steps involved in using
the senses to recognize, observe and discriminate between
different objects, relations, and actions (APA Dictionary of
Psychology n.d.). The response to these stimuli enables
organisms to respond in a particular manner. Therefore, it is
essential to recognize how road users perceive RTCs on the
roads they use daily. Many factors influence the risk percep-
tion of individuals. Human behavior is one of the factors
that affect the risk perception of an individual, as it is
responsible for many RTCs (Bucsuhazy et al. 2020). Risk
perception also depends on the past experiences of road
users (Ram and Chand 2016). Another factor is the mode of
transport used by a road user. According to a study by
Andersson (2011), car users are likely to perceive the risk of
RTC to a lesser degree than users of other means of

Table 1. Overview of different methods and description for spatial analysis of RTCs.

Analysis Methods

Description

Relevant literature

Spatial autocorrelation of RTCs  Global Moran’s |

Used to get a single value that indicates a

Anselin 2016; Soltani and Askari 2017

local crash pattern.

Local Moran’s |

Used to analyze zones within a large area

Choudhary et al. 2015; Soltani and Askari 2017

to find potential hot spots (high values)
or cold spots (low values) are clustered.

Spatial analysis of RTC Planar Kernel Density
Estimation (PKDE)

Network Kernel
Density Estimation

(NKDE)

Used to produce a smooth density of
crashes over a 2D space.

Improvement of PKDE, analysis of crashes in Okabe et al. 2006; Xie and Yan 2013; Benedek
1D linear space for more fitting
modeling of the crashes.

Steenberghen et al. 2004; Anderson 2007;
Tang et al. 2013

et al. 2016; Shafabakhsh et al. 2017




transportation. Therefore, it is essential to recognize how
different road users perceive RTCs.

Risk perception toward road safety issues can be analyzed
through qualitative or quantitative surveys. Qualitative
research provides in-depth knowledge about human behav-
ior, attitudes, understanding, and objectives, which helps to
understand the reasons behind the collected quantitative
responses. An example is a questionnaire with a four-point
scale and the use of descriptive statistics to find correlated
factors or a t-test for determining if past involvement in
RTC affects risk perception and safe behavior (Ngueutsa and
Kouabenan 2017). Purposive sampling and ground theory
analysis are examples of methods for qualitative research
(Ahmad et al. 2019).

Methodology

This section describes the methodology used to analyze
RTCs. First, the study area was chosen and then, a spatial
analysis was performed to identify patterns of RTCs. This
was the secondary data used in this research. The primary
data included responses collected from road users’ percep-
tion surveys. Following that, key-informant interviews were
conducted to get more insight into the hotspots and cold
spots of RTCs. Finally, discussions on what changes can be
made in the future to provide possible recommendations for
improving road safety were held with the key informants.

Study area

The study area is shown in Figure 1. The study area covered
most of the Rotterdam and Schiedam areas. It also included
some road networks in Ridderkerk, Barendrecht, and
Albrandswaard. The selected roads are in darker grey, and
the motorways are in red. The inset map on the right shows
the location of the study area concerned within the Province
of Zuid-Holland.

RTC records collected by the police are included in the
BRON database, a national database of RTCs (Rijkswaterstaat
2020). Stichting Wetenschappelijk Onderzoek Verkeersveiligheid

/ Rithavery
{ Rotterdam

Selected roads
Motorways ‘,

) Municipaliti ! Bay
=] Zuid-Holland ¢

Figure 1. The study area map.
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(SWOV), or the Institute for Road Safety Research (translated
to English) supplements this data with data from Landelijke
Basisregistratie Ziekenhuiszorg (LBZ), or National Base
Register Hospital Care (translated to English) to include infor-
mation related to the severity of the crashes (Rijkswaterstaat
2020). The data from BRON is geographically referenced,
ranging from 2003 to July 2021, by ESRI Netherlands. The
data was available to freely download in either .csv or .shp or
Jkml format. A handbook created by Rijkswaterstaat explained
the codes in the column headings of the crash data. It
included X and Y coordinates of the RTC location, unique
registration and identification code of the traffic incident, year
of occurrence, the outcome of the crash (Property damage,
injury, or death), number of parties involved, road character-
istics at the crash location (either straightway, bend, or inter-
section), time of the day (night or day), weather condition at
the time and place of the crash and the maximum road speed
of that road segment.

Spatial analysis

RTCs occur in 1D space (only along road segments and at
intersections) and not 2D (Okabe and Sugihara 2012;
Abdulhafedh 2017). Planar Kernel Density Estimation
(PKDE) considers Euclidean distances between crash loca-
tions. Consequently, it leads to unreliable results as crashes
do not occur in a 2D manner. Therefore, studies have
attempted to convert the 2D version of crash locations into
1D infinite space (Xie and Yan 2008). The 1D approach,
also known as the Network KDE (NKDE) divides the road
network into equal segments, termed lixels. In this approach,
the terminology of “lixel” (linear pixel) is used, which rep-
resents linear units of equal and regularly placed lengths in
the network (Xie and Yan 2008). The NKDE describes crash
densities and network borders more accurately compared to
PKDE (Ziakopoulos and Yannis 2020). Thus, NKDE analysis
was used to find hotspots in the study area. Implementing
this methodology improves the efficiency of calculating
hotspots along with a road network. This approach is rec-
ommended if the research needs higher accuracy results in
specific intersections or roadway segments. However, com-
putation time is comparatively more extended than the 2D
approach (Tang et al. 2013).

To perform NKDE analysis, the “Spatial Analysis on a
Network” toolbox (SANET) is commonly used (Benedek
et al. 2016). SANET uses Eq. (1) below to compute NKDE
(Okabe et al. 2009).

for—h< x2d—h

Ky(x):k(x)—n;zk(Zd—x) for2d—h<x<d

for f<x<h (1)

Where,
k(x)=Dbasic kernel function for the crash locations,
y=center of the same kernel function,
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x=point located on the network (crash location),

h=bandwidth in meters,

n=degree of the node in the road network which con-
nects different links,

d=shortest distance from y to x (in m)

SANET 4.1 standalone version was used for performing
NKDE analysis. The shapefile of the entire road network of
the study area was used as the input layer, and point fea-
tures of crash data were uploaded as the kernel points. The
bandwidth selection is subjective and depends on the extent
of the study area (Srikanth et al. 2019). When selecting band
size and cell size, narrow bandwidths lead to under-smoothed
NKDE maps, whereas larger bandwidths cause smoother
maps (Tang et al. 2013; Benedek et al. 2016; Srikanth et al.
2019). The user manual for SANET recommended that small
bandwidth and cell size should be chosen initially. Then, the
hit-and-trial method was recommended to find a combina-
tion that appropriately represented the data (Okabe et al.
2006). In urban areas, a bandwidth of 50-300m was recom-
mended to be appropriate (Xie and Yan 2008; Steenberghen
et al. 2010; Ulak et al. 2017). Several values were used to
perform NKDE-50, 100, 150, 200, and 250m. After observ-
ing the results obtained from different bandwidths, the crash
densities were best visualized at 250m (the KDE diagram
was neither too smooth nor coarse). Thus, it was decided
that 250m was the most appropriate choice based on the
spatial extent of the study area and the distribution of RTCs.
Additionally, cell width needs to be specified in SANET,
which is approximately one-tenth of the bandwidth (Okabe
and Sugihara 2012; Ulak et al. 2017). In this analysis, 20m
was the chosen cell size. The results were stored in the form
of shapefiles in a pre-selected local directory, which was
then imported into ArcGIS Pro for visualization.

Perception analysis (survey)

Many hotspots of RTCs were identified from the spatial
analysis. Two zones—a hot and a cold spot—were selected
to ask the road users about their perception of road safety
and crashes. These zones were selected to compare road
users’ perceptions of zones with higher and lower occur-
rences of crashes.

Road users who had been living in Rotterdam for at least
3 years or more were considered in the survey. This was
done to ensure that the respondents possessed tacit knowl-
edge of the road networks. Individual road users involved in
the secondary crash data which was used in spatial analysis
could not be traced, since BRON does not collect personal
data. Thus, the questions were asked with the assumption
that if an individual has lived in Rotterdam for more than
3 years, he/she would be familiar with the location and most
probably have experience with road safety in different zones.

In addition to questions regarding the hotspot and cold
spot zones, questions regarding opinions toward possible
recommendations for improving road safety were asked to
the road users (only car drivers and cyclists). The reason for
limiting the types of road users to only car drivers and

cyclists was to be able to link the responses with existing
and possible policies from SWOV factsheets for only those
modes. The motive behind choosing to ask for certain rec-
ommendations was based on the practicality of the imple-
mentation of those measures and existing research.

The possible policy recommendations presented to car
drivers were—using semi/fully automated cars, alcolock for
previous drunk driving offenders, black boxes, and fatigue
detection devices. For cyclists, the possible policy recom-
mendations included—the use of reflective materials, hel-
mets, and back-view mirrors.

A survey was developed to analyze road users percep-
tions regarding road safety issues and risks in the study area.
The term “risk” in the survey referred to the prevalence of
specific (dangerous) road user behavior, like drunk driving,
being involved in hazardous conditions (for example, slip-
pery roads), or speeding above the limit. The term “percep-
tion (of road users)” refers to the concern about the risk
factors. Road users were asked if they felt safe using the
roads in the selected zones, whether they perceived the
safety was improved or worsened, and about their attitudes
toward possible recommendations that could be applied in
the future.

The survey was performed using an open-source online
tool, Kobo Toolbox. An average of 15min was required to
complete the questionnaire. The interviewees expressed their
opinions on a five-point psychometric response Likert scale.
In this way, qualitative and quantitative data were collected.
Figure 2 shows the percentage of road users who use differ-
ent modes of transport that responded to all questions in
the selected zones.

The responses were collected using purposive sampling.
Purposive, or judgment sampling, is an inductive process in
which the researcher obtains a representative sample by
using their judgment, which will be helpful in cases where
only a limited number of people can serve as a source of
data to fulfill research goals (Black 2010). The researcher
collects and analyses the data simultaneously and decides to
collect or not collect more data to develop a theory (ground
theory) they are trying to prove (Glaser and Strauss 1999).
The grounded theory analysis approach is an effective way
to understand the interests of a group of people (Sharifian
et al. 2021). According to Mason (2010), qualitative research
should consider data saturation. This means collecting and
analyzing data up to a point in which no “new” findings
occur. The hypotheses in ground theory are developed by
focusing on “discovery rather than verification of theory”

Selected zones

Zonez _ 158

Zone 1 16.9

0% 20% 40% 60% 80% 100%

% of respondents

m Car drivers ® Cyclists Pedestrians

Figure 2. Percentages of respondents based on transport mode.



(Javadi et al. 2017; Silva et al. 2020). After discovering a
theory “grounded in the data,” similar responses are grouped
into categories then relationships between different catego-
ries are established (Holmes et al. 2019). When no new cat-
egory is discovered or no new concept is added to an already
established category, saturation is created (Glaser and Strauss
1999; Sharifian et al. 2021).

Text mining is another method, similar to grounded the-
ory, where categories and concepts are identified, and pro-
cesses are explained about a certain topic (Yu et al. 2014).
For example, Kutela et al. (2021) used the approach for anal-
ysis of qualitative responses, by making text network dia-
grams of keywords used by a large sample of respondents.
However, this approach is not used in this research because
the number of responses was relatively small, and saturation
was reached relatively quickly. Thus, purposive sampling was
deemed to be the best method for the efficient analysis of
collected responses.

The questionnaire was conducted online (8 February
2022-26 February 2022) and the researcher visited the
selected zones twice to collect responses on-site. After the
first visit, all the qualitative responses were noted down in
an Excel sheet and responses from the second visit were
later added to the same sheet. Following the criteria of
grounded theory, no new information was obtained from the
second visit, thus, the questionnaire was closed to the public.

Key informant interviews

In addition to the spatial analysis of RTCs and the risk per-
ception survey, key informant interviews were carried out
with three road safety professionals to get an in-depth
understanding of the results of the combined analysis. A
total of three online key-informant interviews were carried
out with representatives from SWOV, the Urban Development
Department of the Municipality of Rotterdam, and Team
Alert. They are cited further in the paper using only their
organization names for privacy reasons.

Results

This section includes the results of the spatial analysis that
was meant to identify RTC hot and cold spots. They are
followed by qualitative responses collected from the road
users’ perception of the selected zones and the attitudes
toward possible recommendations which were discussed
with the key informants.

Network Kernel Density Estimation

The combined 3-year RTC dataset was used to perform
NKDE analysis. The reason for performing NKDE for the

Table 2. RTC counts 2018-2020 (% between brackets).

Year/severity Total Property damage Injury Deaths
2018 6809 5780 (84.9) 1017 (14.9) 11 (0.16)
2019 7699 6666 (86.6) 1023 (13.3) 10 (0.13)
2020 6228 5319 (85.4) 895 (14.4) 14 (0.22)

TRAFFIC INJURY PREVENTION (&) 571

total dataset was to find locations where RTCs have been
occurring more frequently over 3 years. Table 2 below shows
the numbers of RTCs resulting in property damages, injury,
and death in 2018, 2019, and 2020 as well as the percentages
of different fatalities.

The NKDE frequency of crashes is expressed in terms of
the average count per kilometer of road length, as shown in
Figure 3.

The legend contains five shades, ranging from yellow to
red. Red indicates the highest number of RTCs. The maxi-
mum crash count value observed from the NKDE analysis
was 8.9-17.9 per kilometer. This implies that the red-colored
roads have had 8.9-17.9 RTCs from 2018 to 2020 per kilo-
meter of a segment. The classification of the RTC count in
the map was decided in such a way that it clearly expressed
the differences between hot and cold spots. The motorways
seemed to have more crashes per kilometer of road length
(more red lines along the motorways). Some areas inside the
city also have a high crash frequency.

Thus, with the help of SANET, NKDE was performed to
obtain clear clusters along the road network to determine
which segments had the highest frequency of crashes per
kilometer in the selected 3 years. Based on the NKDE map
for the combined dataset, two zones were selected for the
survey on users perceptions of road safety. Two areas- one
hotspot and one cold spot were chosen for the survey on
users’ perceptions of road safety.

Zone 1: Many RTCs occurred in this zone throughout the
3 years, as shown in Figure 4. The reason for selecting this
zone was to understand how road users perceive the safety
of a Central Business District area (CBD), where there are
high traffic volumes and mixed traffic conditions. There are
only a few road segments with a low value of RTCs over the
3 years.

Zone 2: Although the ring road has numerous intersec-
tions and is a “stadsweg, meaning a city road, there have
been few occurrences of RTCs over 3 years, as shown in
Figure 5. The number of RTCs is comparatively higher
around the boundary for zone 2 but has remained at the
lowest value in the past 3 years. Thus, using SANET, the
NKDE of crashes along the road network was completed.

NN

DTN \
= Ridderkerk
e R

Bhrendrecht \

—\

\
0 1\ 2Kiometers

Figure 3. NKDE map of RTCs from 2018 to 2020.
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Figure 4. A zoomed-in view of NKDE results in zone 1 of the study area.
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Figure 5. A zoomed-in view of NKDE results in zone 2 of the study area.

From the zoomed-in view of the two zones, it can be
seen the number of crashes that took place in the two areas,
and to determine which area is the hotspot and which area
is the cold spot. However, it does not explain why the areas
had higher (or lower) values of RTCs, or how the road users
view the safety of the area.

The following section discusses how road users (car driv-
ers and cyclists) perceive their safety in the selected zones.
In doing so, the researchers can determine the underlying
cause for the results from the NKDE.

As previously mentioned, the consulted literature either
focused on spatial and/or statistical analysis of RTCs or
the analysis of road users’ perception of the safety of the
road. A study that involves both types of analyses will
potentially provide more insights into areas that require
improvement in road safety. These two results were dis-
cussed with the key informants as well. Finally, additional
insights gained from key informants are discussed in the
following section.

The analysis of RTCs generated two insightful results.
RTCs resulting in injuries and property damages were
reduced in 2020 when compared to the previous two years,

but the RTCs resulting in deaths increased. The reduction in
injuries and property damage due to RTCs in 2020 can also
be attributed to a decline in trips due to the surge of the
COVID-19 virus. According to the key informant from
Rotterdam Municipality, “The number of road injuries in
Rotterdam during Corona was lower than before (due to less
traffic). The number of fatal accidents (deaths only) remained
at the old level. Our assumptions and analyses show that
during the lockdown, people were bored and that certain
groups used empty roads to hold street races. Some people
also drove aimlessly around the city with friends in their
cars because facilities were closed in the city. This resulted
in several serious fatal accidents in Rotterdam due to reck-
less driving, according to the police reports” (2022 May 12
personal communication).

Perception of road users in the selected zones

In Zone 1, the central part of Rotterdam, road users indi-
cated being concerned about their safety. A small portion of
cyclists were not satisfied with the markings and signage
because of pedestrians using the cycle path to walk. In addi-
tion, because of the high number of intersections on the
road network, cyclists found it confusing while crossing. In
Zone 1, pedestrians were the road users who experienced
the most significant safety improvements. However, some
cyclists and car drivers expressed that safety had worsened
in Zone 1.

Road users expressed their concern about road safety in
Zone 1 with responses, such as “There are different modes
of traffic (transport modes) at the same time, that makes me
feel unsafe;” “it is a busy place with people walking every-
where,” “the trams cross the road everywhere in front of the
central train station,” “due to trams, there is no oversight
(referring to being able to look to the other side of the road
while crossing),” “some people are rude on bikes and think
they own the cycling route, this causes much chaos on the
cycling road,” “you have to be careful when cycling near
trams, you may fall into the tracks. It has happened to me
many times,” “I cannot hear the electric scooters, and they
speed all the time” Some car drivers said they do not feel
concerned because the lanes are separate, and pedestrians
reported feeling safe because they use the sidewalk and do
not go near traffic. They also said that “there are so many
intersections, and I have to look in all directions before
crossing,” “although there are traffic lights, some cyclists and
scooters do not pay attention to it, “there are no clear
markings or surveillance,” “there are signs, but still there is
chaos, I would like more traffic signs in the future” The
common reason mentioned by pedestrians was “there is a
lot more walking space since the past few years, and traffic
signs have been added in most of the places,” “there are sep-
arated paths now but a few years ago especially in front of
the central station, there used to be so much crowd,” “it is
much more spacious now; “the sidewalks are larger
(wider) now?”

None of the road users in Zone 2 expressed being “very

concerned” about their safety. Only a small number of



cyclists expressed dissatisfaction with the road markings and
signage. Road users had the following opinions about zone
2: “Sometimes cars speed here, and it is dangerous for
cycling “I know this area is safer than zone 1 because it is
not so crowded,” “when there is traffic on the roads, car
drivers speed and does not care for crossing cyclists and
pedestrians” Some road users said traffic lights were added
a few years ago in some areas, improving safety. To summa-
rize, there were no reported cases of worsened traffic situa-
tions in the cold spot (zone 2).

Figures 6 and 7 express the variation in the observed
responses to the questions asked regarding the perceived
current level of safety and change in safety from 2018 to
2020. It can be seen clearly that Zone 2 (cold spot) is per-
ceived to be safer irrespective of transport mode. Additionally,
zone 2 has more positive responses for change in the level
of perceived safety, which is in line with the results from
spatial analysis (i.e., lesser number of crashes per kilometer
length of the road).

Attitudes toward possible recommendations and key
informant interviews

Car drivers were asked if they would be in favor of using
semi/fully automated cars. Most of the car drivers were not
in favor. Their responses were, “I do not trust the machine
to make decisions for me,” “there is always something that
can go wrong with a car like that; it is too much of a risk,
and “T once had an accident in a similar car because the
system stopped working,” “I do not like the automatic sys-
tem,” or “I would rather be in control myself” An equal pro-
portion of drivers responded positively and negatively to
using alcolock for previous offenders, installing the black
box, and fatigue detection devices. Those three recommen-
dations were found to have more people in support com-
pared to the demerit point system. Since these methods are
not in practice, some respondents had to be made aware of
how they would work. A driver responded, “A demerit or
progressive penalty system is not helpful” but another road
user said, “A demerit point system is good, but people may
not favor it”

There were many neutral responses in the case of cyclists
because they could not precisely answer how they would
perceive the recommendation if it became a policy in the
future. Most cyclists did not understand the use of reflective
materials in the dark because either they were using bicycle

Q1I: To what level are you concerned with road safety in this zone?
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Figure 6. Perceived level of safety in zone 1 and 2 (in %).
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lights, or the roads were well-lit. Many cyclists replied,
“Helmets are quite unnecessary in my opinion for short dis-
tance travels,” meaning they would not want to wear helmets
because they are already familiar with cycling on usual
roads. Others added to the same statement with replies, such
as “Helmets make you think you are safe, but that is not
true” and “It is just a cultural thing- helmets are unneces-
sary for experienced cyclists, but everyone can make their
choice though- I just do not want to wear one” In the case
of using rearview mirrors on their cycles, the primary con-
cern of most cyclists seemed to be, “I might hurt myself if
I fall, so I think it is a dangerous idea” A typical response
for all three recommendations was, “I do not know if other
people will like them or follow it through” The possible rec-
ommendations for car drivers’ safety were better accepted
than those for cyclists.

To summarize this section, car drivers were not in much
agreement with using semi/fully automated vehicles in the
future or with attending awareness classes as a form of pen-
alty. This issue was discussed in the first key informant
interview. The SWOV expert agreed, stating, “Many road
users strongly dislike using speed-limiting devices and auto-
mated cars. There had been campaigns promoting ITS use
in the past, and SWOV had analyzed the number of people
in support but was unable to achieve the intended target”
(2022 March 22 personal communication). The key infor-
mant from Rotterdam Municipality stated that there are
existing awareness programs to promote ITS wuse. The
municipality of Rotterdam also uses social media to con-
vince road users to use the information systems and orga-
nize their journeys more smartly. They added, “We have set
up much communication about our ITS systems on behalf
of the municipality. These systems provide information
about travel time, road works, and road safety and travel
alternatives” (2022 May 12 personal communication).

The key informant from Rotterdam Municipality dis-
cussed the negative opinions of cyclists toward wearing a
helmet. They say, “I do not think we have to wear bicycle
helmets by law. Stimulating voluntary use for vulnerable
groups, such as children and the elderly is a good idea. If
we start mandating too many traffic regulations (beyond the
ones we already have), I am afraid we will see the opposite
effect. We already see increasing resistance to government
measures among citizens. In addition, we fear that bicycle
use will decrease if helmet use is made compulsory. This has
also been researched. In addition, we still have a lot to
improve by making bicycle paths safer and offering more

Q2: How has the road safety of this zone changed over the past years?
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Figure 7. Perceived level of change in road safety over the past 3 years (in %).
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education. If that does not work, we can always reconsider
a possible helmet requirement by 2030” (2022 May 12 per-
sonal communication).

Discussion

According to the interviewed expert from Rotterdam
Municipality, three criteria generally initiate a road safety
project: (i) the presence of black (or hot) spots (where six
or more RTCs resulting in injuries have occurred in three
consecutive years), (ii) residents’ perception, and (iii) results
obtained from risk models. The steps to develop a new road
policy were discussed with the key informant from SWOV.
In the past, road projects and policies were developed based
solely on crash data. In recent years, SWOV has started
working proactively by analyzing key performance indicators
of road networks and checking guidelines (2022 March 22
personal communication with SWOV). This is similar to the
plan made by WHO (2021) for the decade plan 2021-2030
to perform risk-mapping in areas where the crash data is
reliable and perform proactive safety assessments and road
inspections per users needs.

It was found out the scope of this research is within the
two criteria to determine which road points in Rotterdam
must be improved to increase road safety, namely the pres-
ence of hot spots and residents’ perception. The key infor-
mants from SWOV, Rotterdam Municipality, and TeamAlert
responded that research like this, which first performs spa-
tial analysis and then looks at road user perception, can be
an excellent method to improve road safety (2022 March 22;
2022 June 2; 2022 May 12 personal communication).
Integration of road user perspective to reduce RTCs was dis-
cussed with the key informant from TeamAlert. They stated
that they initially observe a societal problem, research the
available data, and finally carry out campaigns involving res-
idents (2022 June 2 personal communication). “Mostly the
projects have a knowledge part, followed by some kind of
games to target youths and a part where people talk with
each other about existing norms” (2022 June 2 personal
communication with TeamAlert).

Conclusion

This research’s main objective was to perform a spatial anal-
ysis of road traffic crashes and assess road safety issues from
the perspective of road users. This study applied spatial
analysis techniques, a survey, and expert interviews to
understand and evaluate road users’ perceptions of RTC.
This research performed a spatial analysis of RTCs in
Rotterdam municipality and the surrounding urban conurba-
tion using data from 2018 to 2020. The numbers of RTCs
resulting in property damages, injuries, or deaths in each of
the years were visualized in maps. Following that, crash
hotspots were determined using NKDE analysis. Two areas
(a hot and cold spot of RTCs) were the focus of a survey to
collect road users’ perceptions of road safety. As understood
from the literature review and the limitations of existing
research, only knowing dangerous locations in the road

network is not enough to improve road safety. Thus, this
research dived further into why some areas are perceived as
dangerous regarding road safety and what could be possible
recommendations for improving road safety in these areas.

When road users were asked about their perception of
safety in the selected zones, it was found that they consider
hot spots risky because of high traffic volumes, mixed traffic
conditions, and speeding vehicles. Zone 1 was found to have
performed poorly in road safety improvement for cyclists
and car drivers. Warning signs could be placed in the
hotspots determined in this study. Furthermore, these signs
could incorporate information on the number of RTCs that
occurred, to increase awareness. This way, road users remain
alert to their surroundings when using those roads. The
main issue with Zone 2 (cold spot) was that motor vehicles
tend to speed, taking advantage of lesser traffic volume.
More signage could be added to these areas to make road
users aware, and traffic calming measures, such as humps
could be integrated into the existing infrastructure.

Following that, road users were asked for their views on
the list of possible recommendations. It was found that car
drivers agreed more to a list of possible recommendations
for the future than cyclists. Although research proves those
measures to be beneficial, possible recommendations, such
as using semi/fully automated cars or reflective tape were
not well received. Facts and statistics should back up the
awareness campaigns to ensure maximum impact among
road users. To better understand the results of the spatial
analysis and survey, they were discussed in the key-informant
interviews.

Limitation

The limitations of this research are both data and method
related. A data-related limitation is the under-reporting of
RTCs by BRON (SWOV 2021b). Between 2011 and 2020,
BRON’s crash records were around 16% less than that of
CBS Netherlands. This was because BRON does not report
crashes that involve non-motorized transport exclusively or
when there is confusion about the type of crash (SWOV
2021b). Data relating to non-motorized transport or RTC
involving a single person only can be added to the existing
database using the information from vehicle insurance com-
panies to ensure more crashes are recorded. The data from
insurance companies can also give insight into elements of
road infrastructures that are prone to causing crashes, for
example, a narrow cycling lane. Another limitation is that
the recorded crashes are put under one of the three head-
ings- death, injury, or property damage by the police author-
ity which registers the crash. According to the key informant
from SWOV, if a road user must be admitted to a hospital
for a crash injury, the hospital stores data on the types of
injuries. However, according to the key informant from
SWOV, the type of injury is not linked to the coordinates of
the crash location (2022 March 22 personal communica-
tion). Data like that is also not easily accessible due to pri-
vacy issues. However, a more detailed classification of injury
types would provide more information for analysis.



A methods-related limitation is that traffic volume was
not considered in this analysis because that would lead to a
temporal analysis, which was not the research objective.
Additionally, the crash data does not have time stamps
which would make it challenging to perform temporal anal-
ysis. Another limitation is regarding the risk perception sur-
vey, as the sample is not representative of the entire area.
The road users were approached based on ground theory,
assuming that no new category of answers could be expected.
Thus, the sample of 64 residents of Rotterdam may not be
an actual representation of the entire city.
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