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Abstract

Risk perception, i.e. the ability to “read the road” in relation to potentially dangerous situations in the
traffic environment, is strongly related to accident involvement. Human driving behavior is strongly
conditioned by the road environment in its entirety, as driving involves complex interactions between the
driver and the environment. This study investigated the risk perception of roundabouts for young people in
order to identify the major factors which influence such perception. A road users survey was developed to
obtain young people feedback on roundabouts. Multiple Correspondence Analysis (MCA) was used in
order to understand how the young people features, the geometric characteristics and the traffic conditions
of roundabouts affect the respondents’ risk perception. Finally, a risk perception scale was defined for the
configurations of roundabouts identified. The research findings provides insight into young people risk
perception of roundabouts: traffic conditions strongly affect risk perception of roundabouts; the
roundabouts with small circulatory roadway (smaller than 7 m), with a diameter less than 40 m and with
one lane on the legs and on the circulatory roadway are generally perceived as more dangerous than those
with a medium/large circulatory roadway (larger than 7 m), with a diameter longer than 40 m and with two
lanes n the legs and on the circulatory roadway; the right-turn bypass lane affects the respondents risk
perception, but not in a clear and unambiguous manner. The authors believe that the results presented on
this paper provide updated findings which may be useful to improve roundabouts design.

Keywords: Road safety, risk of accident, driving behavior, human factor, intersections, geometric design
elements.

1. Introduction

Road users’ awareness of potential risks is an important factor in many accidents. Risk
perception, i.e. the ability to “read the road” in relation to potentially dangerous situations
in the traffic environment, seems to be the only component of driving skills that has been
found to be related to accident involvement (Horswill and McKenna, 2004). For many
decades road safety researchers have been attempting to explain how people perceive and
understand risk (McKenna and Crick, 1991 and 1997; Hull and Christie, 1992; Borowsky
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et al., 2010; Horswill et al., 2015; Horswill et al., 2016). The reason that risk perception
ability has retained interest over the years is because anticipation of hazardous traffic
situations is one of the major contributions to driver safety. For example, Horswill et al.
(2015) found that drivers who failed a risk-perception test had 25% more active crashes
(i.e. crashes in which the driver’s vehicle was moving, excluding parking or reversing) in
the year following the test. In contrast to most driver education and assessment
interventions, risk-perception testing and training have the capability to reduce crash risk
(Horswill, 2016). It is acknowledged that human factors may contribute to accident
involvement in traffic (Grayson and Maycock, 1988). Based on a study of 2041 traffic
accidents, Sabey and Taylor (1980) concluded that human factors were contributing
elements in 95% of the accidents. In particular, driving behavior was identified as the
most central of these factors. Driving attitude, which is manifested by driving behavior,
strongly affect the risk perception of drivers (Cheng et al., 2011). Therefore, it is
important to understand the aspects affecting the drivers’ ability to perceive danger and
risk and, thus, affecting their driving behavior. Human driving behavior is strongly
affected by the road environment, as driving involves complex interactions between the
driver and the environment. For example, Lim et al. (2013) found that familiarity with
the driving environment facilitated drivers’ ability to discriminate risks in a timely
manner. Considering the extreme complexity of road networks, the aspects affecting the
driving behavior should be studied with specific regard to the elements of road networks
as, for example, the intersections. It is well known that intersections are among the most
complex road environments: their geometric configuration, the signs and the markings,
the road furniture, the qualitative and quantitative characteristics of traffic, the vehicular
conflicts are all elements which weigh the driver workload, a therefore affect the driving
behavior and the risk of accident. Among intersections, roundabouts are the most popular
nowadays. Converting junctions to roundabouts has been found to reduce the number of
accidents, in particular fatal accidents (Elvik, 2003 and 2017; Persaud, 2001; Vujani¢,
2016). Studies of roundabouts in various countries have shown that roundabout can
significantly improve functional characteristics (Al-Madan, 2003; Easa and Mehmood,
2006; Ma et al., 2013; Mauro and Cattani, 2012), as well as traffic safety (Bie and Wong,
2008; Chen et al., 2013; Gross et al., 2013).

Several studies have highlighted the safety advantages of roundabouts in urban
contexts, although roundabouts do not always guarantee adequate levels of safety for
vulnerable users, such as pedestrians and cyclists (Pilko and Sari¢, 2018; Lakouari et al.,
2018; Pilko et al., 2017; Meneguzzer and Rossi, 2013, Sacchi et al., 2011). Giuffré and
Grana (2013) presents an exploratory analysis aimed at modeling the crash phenomenon
for a set of injury crash data of urban roundabouts operating in the road network of
Palermo City, Italy.

Engineering design is considered one of the most important factors affecting the
efficiency and safety of a roadway system especially for roundabouts, which directly
influences the maneuvering behavior and driver’s speed adoption. It was found that at
least one geometric factor is responsible for 60% of the total crashes (Montella, 2010).
Therefore, geometric design plays a vital role in roundabouts safety. A lot of researchers
tried to identify the geometric factors of roundabouts affecting the safety of this type of
intersection. Numerous studies focused particularly on the relationship between
roundabout geometric design, traffic conditions, and crash rates (Arndt and Troutbeck,
1995; Kennedy et al., 2005; Kim and Choi, 2013; Mahdalova et al., 2013; Anjana and
Anjaneyulu, 2015; Kamla et al., 2016; Farag and Hashim, 2017; Daniels et al., 2010;
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Pecchini et al., 2014; NCHRP, 2010). The results are consistent about the relationship of
some variables, such as entry radius, circulatory roadway width, inscribed circle diameter
and angle to the next leg, with crash frequency. An increase in the value of entry radius,
circulatory roadway width, inscribed circle diameter increases crash frequency. With an
increase in angle to the next leg, crash frequency decreases. Geometric variables such as
entry width, gradient and central island diameter show instead an inconsistent relationship
with crash frequency across different studies. A lot of studies have also suggested some
models to optimize the geometric design of roundabouts (e.g. Easa and Mehmood, 2006;
Surdonja et al., 2013). While previous studies have provided valuable information as to
the relationship between roundabout geometrical features, traffic conditions and crash
rates, to the best of our knowledge, few similar analyses for risk perception of
roundabouts have been carried on (e.g. Distefano et al., 2018). Despite the high level of
safety recognized for roundabouts, there are several factors influencing the driver
behavior. These factors can cause incorrect behaviors which can degenerate into
accidents. Therefore, this study intends to contribute for a better understanding of the
factors that affect the risk perception of roundabouts.

Specifically, we will focus on roundabouts risk perception for young people. Young
people are more frequently involved in traffic accidents as compared to other age groups
(ISTAT, 2017; World Health Organization, 2017). The complexity of young people
safety problem is widely acknowledged. It is well established, for example, that young
novice drivers play a disproportionately large role in traffic crashes. The risk of a crash
for young drivers is higher than for any other age group (Shope, 2006; Williams, 2003).
Young people have a higher risk for crash involvement, in part because they are more
likely to take risks while driving (Ferguson, 2003; Williams, 2003). They may also be
particularly vulnerable to distractions because of their greater propensity to engage in
distracting activities (Olsen et al., 2005). Accumulated evidence suggests that
experienced drivers possess better risk perception skills than young-inexperienced drivers
(e.g., Borowsky et al., 2010; Pollatsek et al., 2006; Wallis and Horswill, 2007). Research
has shown that novices are slower in detecting risks, and that they often detect fewer risks
than experienced drivers (Underwood et al., 2005). Driving experience, instead, improves
drivers’ awareness of potential risks and guides drivers’ eye movements to locations that
might embed potential risks (Borowsky et al., 2010). Compared with younger drivers,
older drivers have more experience and are more likely to adjust their driving behaviors
to suit traffic and road conditions (Begg and Langley, 2001; Bingham and Shope, 2004).
It has also been established that young drivers have stronger motivations for risky driving
than older drivers do (Hatfield and Fernandes, 2009). Road traffic injuries are the leading
cause of death among people aged between 15 and 29 years (World Health Organization,
2017). Therefore, it is necessary to develop some road safety strategies to reduce road
traffic injuries especially for young people. A successful road safety strategy should use
a combination of education aimed at road users’ behavior improvements and skills
training, along with road environment improvements. For this reason, the final aim of this
study is to assess how risk perception of roundabouts for young people varies according
to their demographic characteristics (sex, age), to the travel mode, to the geometric
characteristics of roundabouts (number of lanes, inscribed circle diameter, circulatory
roadway width, presence or absence of the right turn by pass-lane), and to the traffic
conditions.



European Transport \ Trasporti Europei (2019) Issue 72, Paper n° 4, ISSN 1825-3997

2. Method and Variables
2.1 Survey and study area

A road user questionnaire was developed in order to collect opinions regarding the risk
perception of four existing roundabouts (Figure 1) located in different urban contexts in
the city of Catania (Italy).

Considering that the final aim of the questionnaire was to evaluate the risk perception
of these roundabouts based on the participants driving experience, it was necessary to
select participants who had a certain driving experience of the roundabouts studied.
Because of this, participants were recruited in person. Specifically, a pre-selection test
was used in order to select drivers who knew well the four roundabouts. This pre-selection
test contained questions about the knowledge of the four roundabouts and the frequency
of use. The drivers who didn’t know the four roundabouts or who used them less than
once a week were excluded. Only the drivers who used the roundabouts at least once a

week started the questionnaire.
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Figure 2: Geometric plan views of the four roundabouts studied

The questionnaire contained 73 items and consisted of the following four sections:

- Section A: participants reported their age, their gender, the means of transport mainly
used and other basic socio-demographic characteristics information;

- Section B: this section included questions regarding the knowledge of how a
roundabout works and the overall opinion on roundabouts;
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- Section C: this section contained questions about the characteristics of the four
roundabouts analyzed. Specifically, for each roundabout, participants were asked
questions about the geometry, the road furniture, the speed and the traffic.

- Section D: this section regarded the risk perception of the four roundabouts studied.
Specifically, for each roundabout, participants were asked questions about the risk
perception of the three possible maneuvers (entry, circulation, exit) and about the overall
risk perception.

Figure 2 shows the questionnaire structure.

The four roundabouts studied were chosen in order to have a certain heterogeneity of
geometric-constructive characteristics (inscribed circle diameter, presence or absence of
the double entry lane or the double circulatory roadway, legs slope, visibility, etc.) and of
operational conditions (traffic flows, presence of vulnerable users, etc.). The geometric
characteristics of the four roundabouts were obtained from Google Maps. Table 1 shows
the geometric features of the selected roundabouts. All roundabouts have four-arms and
they are classified according to the number of lanes per approach (one or two lanes), the
presence or absence of right-turn bypass lane, the inscribed circle diameter and the
circulatory roadway width.
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Table 1: Roundabouts geometric characteristics

ROUNDABOUT A
Right turn Inscribed Circulatory
Entry (En) Exit (Ex) bypass- circle roadway
lane diameter (D) width (C)
Approach A1 9,30 m (2 lanes) 6,90 m (2 lanes) No
Approach A2 4,40m (1lane) 5,80 m (1 lane) Yes 70.00 m 9,00 m
Approach A3 8,00 m (2 lanes) 7,05 m (2 lanes) Yes ’ (2 lanes)
Approach A4 7,70 m (2 lanes) 8,90 m (2 lanes) Yes
ROUNDABOUT B
Right turn Inscribed Circulatory
Entry (En) Exit (Ex) bypass- circle roadway
lane diameter (D) width (C)
Approach Bl  440m (1 1lane) 6,15 m (1 lane) Yes
Approach B2 580 m (11lane) 4,45 m (1 lane) No 32,00 m 6,50 m
Approach B3 4,70 m (1 lane) 6,60 m (1 lane) Yes ’ (single lane)
Approach B4 5,90 m (1 1lane) 4,15 m (1 lane) No
ROUNDABOUT C
Right turn Inscribed Circulatory
Entry (En) Exit (Ex) bypass- circle roadway
lane diameter (D) width (C)
Approach C1 5,55 m (2 lanes) 6,75 m (2 lanes) No
Approach C2 830 m (2 lanes) 7,00 m (2 lanes) No 41.00 m 7,85 m
Approach C3  525m(11lane) 4,95 m (1 lane) No ’ (double lane)
Approach C4 8,10 m (2 lanes) 5,66 m (2 lanes) No

Note: This roundabout also has a fifth approach. However, it was not considered in the analysis
because it is one-way and it is characterized by extremely low vehicular flows.

ROUNDABOUT D
Right turn Inscribed Circulatory
Entry (En) Exit (Ex) bypass- circle roadway
lane diameter (D) width (C)
Approach D1 4,45m (1 lane) 3,20 m (1 lane) No
Approach D2 450 m (1 lane) 4,15 m (1 lane) No 13.00 m 7,10 m
Approach D3 5,60 m (1 lane) 4,75 m (1 lane) No ’ (single lane)
Approach D4  425m(11lane) 5,00 m (1 lane) No

As for the operational conditions, it was defined an easy-understanding criterion in
order to obtain from the respondents’ opinions regarding the traffic conditions on the
roundabouts studied. The final aim was to obtain an opinion regarding the traffic
conditions on the basis of the driving situations dealt with in the phases of approach and
entry on the circulatory roadway. Because of this, three types of traffic conditions were
considered: low, medium and high. The “low traffic”” means that the traffic conditions are
not affecting significantly the achievement of the yield line on the entry lane and the entry
on the circulatory roadway. The “medium traffic” means that the traffic conditions create
some delay in the achievement of the yield line on the entry lane and in the entry on the
circulatory roadway. The “high traffic” is associated with significant delays during the
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approach (e.g. slow queue dissipation speed) and/or during the entry on the circulatory
roadway (e.g. difficulties in finding the gap to enter the circulatory roadway).

The concepts of high, medium and low traffic were considered questionable. Because
of this, "surrogate" indicators were adopted. Therefore, a criterion based on the lost-time
t associated to the entry on the roundabout was chosen. The 1-minute time interval was
considered as time base for the lost-time because the 1-minute interval is easily identified
by drivers on the base of their driving experience. A lost-time of more than 1 minute is
always perceived as an uncomfortable situation, near to the traffic congestion. The lost-
time of half-minute (or less) is considered to be a fluid traffic condition. Thus, a question
related to the lost-time t associated to the entry on the roundabout was included in the
questionnaire. The possible answers were three: 1) less than half minute; 2) between half
minute and one minute; 3) more than one minute. Based on this, they were identified low
(t <30 sec), medium (30 sec <t < 60 sec) and high (t > 60 sec) traffic flows for each of
the four roundabouts.The choice of the base value of 1 minute is consistent with the
indications of the Highway Capacity Manual. Table 2 shows the average control delays
associated to the corresponding level of services for roundabouts according to the
Highway Capacity Manual (2010). These values are associated with three levels of
satisfaction: 1) high level of satisfaction (LOS from A to C); 2) average satisfaction level
(LOS from D to E); 3) low degree of satisfaction (LOS =F).

Table 2: Level of Service Criteria for Roundabouts

Level of service Average Control Delay (seconds/vehicle)
0-10

>10-15

>15-25

>25-35

>35-50
> 50

Source: Highway Capacity Manual 2010, Transportation Research Board, 2010
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2.2 Participants and procedure

In order to obtain young drivers’ opinion, the survey was conducted at the University
Campus of Catania over a 3-month period. Participants were briefed of the nature and
time required to participate in the study prior to commencement. After their consent was
obtained, the questionnaire started. It was decided to question directly the participants,
instead of left them alone with the questionnaire, in order to provide visual aids and
detailed explanations and clarifications. Each survey lasted approximatively 25 minutes.
The interviewer asked to the respondent the questions with the aid of a tablet. The digital
form of the survey was created with Google Forms Software. This allowed to record the
data in digital format and to speed up the data collection phase and the post-processing
phase. The Section C and Section D questions (related to the four roundabouts located in
Catania) were answered while showing to the respondent a photographic catalogue in
digital form. The photographic catalogue was created using Google images representing
each roundabout from different perspectives.
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The total sample comprised 977 students (629 males and 348 females) between the ages
of 18 and 35 years. Participants who didn't complete the questionnaire or who didn’t
answer well the questions regarding the knowledge of how a roundabout work (Section
B of the questionnaire) were excluded. The respondents excluded were 5% of the sample.
The final sample was 928 participants. All participants included in the study had a driving
license. Participants were assured of anonymity and confidentiality. The majority of
respondents (around 84%) were below the age of 25; only 16,38% were aged between 26
and 35 years. As for sex, males were more numerous than females (64,66% of the sample
was made up by men and 35,34% were women). The travel mode most frequently used
was the car (73,28%). About 14% of the sample were motorcyclists, while pedestrians
were about 13%. Participants’ characteristics are shown in Table 3.

Table 3: Characteristics of survey respondents

Category Number Percent
Age
18-21 352 37,93 %
22-25 424 45,69 %
26-35 152 16,38 %
Total 928 100,00 %
Sex
Male 600 64,66 %
Female 328 35,34 %
Total 928 100,00 %

Travel mode

Car 680 73,28 %

Motorcycle 128 13,79 %

Pedestrian 120 12,93 %

Total 928 100,00 %
2.3 Analytical method

Starting from the survey data, the final aim of this study was to analyze the factors
influencing the roundabouts risk perception for young people. Multiple Correspondence
Analysis (MCA) was chosen to conduct this analysis.

MCA is part of a family of descriptive methods that reveal patterning in complex
datasets. Specifically, MCA is used to represent and model datasets as “clouds” of points
in a multidimensional Euclidean space; this means that it is distinctive in describing the
patterns geometrically by locating each variable/unit of analysis as a point in a low-
dimensional space. The results are interpreted on the basis of the relative positions of the
points and their distribution along the dimensions; as categories become more similar in
distribution, the closer (distance between points) they are represented in space. Although
it is mainly used as an exploratory technique, it can be a particularly powerful one as it
“uncovers” groupings of variable categories in the dimensional spaces, providing key
insights on relationships between categories (i.e., multivariate treatment of the data
through simultaneous consideration of multiple categorical variables), without needing to
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meet assumptions requirements such as those required in other techniques widely used to
analyze categorical data (e.g., Chi-square analysis, G-statistics, and ratio test). The use of
MCA is, thus, particularly relevant in studies where a large amount of qualitative data is
collected, often in pair with quantitative data, and where qualitative variables can become
sub optimized in the data analysis. MCA plot are a better way of presenting information
graphically and one can interpret them by examining the distribution of variable
groupings in space. Points (categories) that are close to the mean are plotted near the
MCA plot's origin and those that are more distant are plotted farther away. Categories
with a similar distribution are near one another in the map as groups, while those with
different distributions stay farther apart. In a two-dimensional graphical display of the
data, categories sharing similar characteristics are located close together, forming point
clouds. MCA is performed on an I x Q indicator matrix in which I is the set of i individual
records, runway excursion accidents, and Q is the set of categories of all variables,
characteristic features. Given this, the component in the cell (i, q) consists of the
individual record i and category j. Associated categories in MCA are placed close together
in a Euclidean space, leading clouds, or a combination of points that have similar
distributions. Notably, MCA produces point clouds, which are usually defined by two-
dimensional graphs.

Suppose, the number of individual records associated with category k is denoted by nk
(with nk >0), where fk=nk/n is the relative frequency of individuals who are associated
with category k. The values of fk will generate a row profile. The distance between two
individual records is created

by the variables for which both have different categories. Suppose that for variable q,
individual record i contains category k and individual record i’ contains category k’ which
is different from k. The squared distance between individual records i and 1’ for variable
q is defined by Eq (1):

d2(i, i") =fik+fik, (1)

Denoting Q as the number of variables, the overall squared distance between i and i’ is
defined by Eq. (2):

d2(i,1") = ; Tqeqdd (i, 1) @)

The cloud of categories is a weighted cloud of K points (by category k, a point denoted
by Mk with weight nk is represented). For each variable, the sum of the weights of
category points is n, hence for the whole set K the sum is nQ.

If nkk’ indicates the number of individual records having both categories (k and k’),
then the squared distance between Mk and Mk’ is defined by Eq (3):

Ng+Ngr—2Nkxs

(MkMkr)Z — nkn—k’/n (3)

The numerator is the number of individual records associated with either k or k’.

In this study, MCA was determined to be the better choice for data processing. MCA
was chosen mainly because it allows to perform efficient dimensionality reductions and
to compile results into easy-to-read plots. The research team used statistical software
SPSS version 24.0 to perform the MCA technique in order to examine how risk perception
in roundabouts by young people varies with the characteristics of the respondents and
with the geometric characteristics and the traffic conditions of roundabouts.
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2.4 Variables

The variables used in MCA concerned the socio-demographic characteristics of the
respondents (gender, age, travel mode), the geometric characteristics of roundabouts
(number of lanes, inscribed circle diameter, circulatory roadway width and right turn
bypass lane), the traffic conditions of roundabouts and the risk of accidents perceived by
the respondents in the analyzed roundabouts. Specifically, the variable associated with
the risk of accident perceived in the four roundabouts studied (Section D of the
questionnaire), is divided into three categories: high, medium and low. Figure 3 provides
data related to the risk of accidents perceived by the respondents in the four roundabouts.

QUESTION: HOW DO YOU RATE THE RISK OF ACCIDENTS IN THIS ROUNDABOUT?

100% 100% — -
ROUNDABOUT 1 ROUNDABOUT 2
80% 80% 69,57%
60,00%
60% ' 60%
0,
oV i 40%
0,
20% . 00 20% Xt 13,04%
9 (]

High Medium Low High Medium Low

100% 100%
ROUNDABOUT 3 ROUNDABOUT 4
80% 80%
56,25%
60% 60% 51,22%
43,75%
36,59%

40% 40%
20% 20% 12,20%

0,00%

0% o ==
High Medium Low High Mecdium Low

Figure 3: Summary of risk of accidents perceived in the four roundabouts

Table 4 shows the 9 variables individuated and all the categories defined for each
variable.

Table 4: Variables and related categories

Variable Categorie Code
Gender Male Gl
Female G2
Age 18-21 Al
22-25 A2
26-35 A3
Travel mode Car M1
Motorcycle M2

10
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Pedestrian M3
Number of lanes 1 L1
2 L2
Inscribed circle diameter (D) D<40m D1
40m<D<60m D2
D>=60m D3
Circulatory roadway width (W) W<7m W1
7Tm<W<9m w2
W=9m w3
Right-turn bypass lane Present B1
Absent B2
Traffic flow Low Tl
Medium T2
High T3
Risk of accidents perceived Low R1
Medium R2
High R3

3. Results and discussion

Multiple Correspondence Analysis was applied to the data collected. To define the
correspondence between the categories of each variable, the statistical software SPSS
version 24 was used. Output of MCA is a two-dimensional graph. The MCA graphical
representations help simplify the process of interpreting the relationships among
variables.

The model resulted in two dimensions with eigenvalues >1, explaining 64.17 per cent
of the variance (Table 5).

Figure 4 illustrates the MCA plot. The MCA plot shows the distribution of the
coordinates of all categories. This plot gives us an idea of the variable categories’
positions on the two-dimensional space based on their eigenvalues. In this study, in order
to easily comment on the results of Multiple Correspondence Analysis, we wanted to
proceed with a two-step discussion of the influence on the risk perceived by young users
due to the various variables considered. First, we analyzed the socio-demographic
variables (age, gender, travel mode) and later, the geometric and traffic variables (number
of lanes, inscribed circle diameter, circulatory roadway width and right turn bypass lane).

Table 5: Model summary resulting from the MCA

Dimension  Cronbach’s Alpha Variance accounted for total

(Eigenvalue) Inertia % of Variance
1 0.788 3.343 0.371 37.142
2 0.662 2.432 0.270 27.024
Total 5.775 0.642 64,166
Mean 0.7352 2.887 0.321 32.083

2 Mean Cronbach’s Alpha is based on the mean Eigenvalue.

11
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Joint Plot of Category Points
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Figure 4: MCA Plot - All categories

Therefore, starting from the initial MCA plot, two MCA plots were generated: a) the
MCA plot illustrated in figure 5 shows the influence of the socio-demographic variables
on risk; b) the MCA plot illustrated in figure 6 describes instead how the geometric and
traffic variables influence the risk perceived by young people using the roundabouts.

Joint Plot of Category Points
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Figure 5: MCA Plot — Categories: a) socio-demographic characteristics; b) perceived risk
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Joint Plot of Category Points
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Figure 6: MCA Plot - Categories: a) geometric characteristics; b) traffic conditions; ¢) perceived
risk

3.1 Risk perceived by young users on roundabouts: influence of socio-demographic
variables

The MCA plot illustrated in figure 5 shows the distribution of the coordinates of all the
categories related to the socio-demographic variables and the perceived risk.

First of all, we observe that the two categories representing the greatest risk perception
(medium and high risk, i.e. R2 and R3) are associated with two points of the MCA plot
that are very close to each other and very close to the origin of the axes. This shows that
most of the young respondents always show a not negligible perception of risk in the
roundabout.

We must also note that the age of respondents has not a significant influence on the risk
perception of roundabouts. Indeed, the points relating to the three categories associated
with the "age" variable are all concentrated at the origin of the MCA plot axes. This is
probably due to the fact that all respondents are young and so there are not great
differences among the three groups considered (18-21, 22-25 and 26-35 years-old).

Also, the gender has not a significant influence on risk perceptions of roundabouts.
Females perceive a slightly higher risk than males. Indeed, the two categories G1, G2,
although represented by diametrically opposed points in the MCA plot, are both very
close to the origin of the axes. The "women" category is close to the "High Risk" category,
while the men category is closer to the "Medium Risk" category. These findings support
previous research that has shown no difference in roundabouts public opinion with respect
to gender (Retting et al., 2002; Retting et al., 2006; Retting et al., 2007).

The travel mode shows interesting results as for the different risk perception among
users: pedestrian perceive roundabouts more dangerous compared to drivers and
motorcyclists. Indeed, the point of the MCA plot representing the “pedestrian™ category
is very close to the R3 category (High Risk). The category "motorcyclists" is represented
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in the MCA plot from a point further away than those associated with the other two
categories related to the "travel mode" variable, but, in any case, closer to the risk category
R3. The motorcyclists, therefore, are users who perceive a high level of risk in the
roundabouts. This is similar to findings from other studies (Hydén and Varhelyi, 2000;
Savolainen et al., 2012).

3.2 Risk perceived by young users on roundabouts: influence of geometric and traffic
variables

The MCA plot illustrated in figure 6 shows the distribution of the coordinates of all the
categories related to the geometric and traffic characteristics of the roundabouts and to
the perceived risk. In this study, three significant cloud combinations were chosen (Fig.
7). Each of the combinations identified groups the categories of the variables that are most
likely to condition the risk perceived by young users.

Joint Plot of Category Points

w

@ Numbers of lanes
Inscribed circle diameter

1 Circulatory roadway width CLOUD 1

% Right-turn bypass lane

® Traffic flow

2 K Perceived risk of accidents

1

Dimension 2

" CLOUD 2

CLOUD 3

-2 T T T T T
-2,5 -1,5 -0,5 0,5 15

Dimension 1

Variable Principal Normalization. |
Figure 7: MCA Plot with cloud combinations — Categories: a) geometric characteristics; b)
traffic conditions; c) perceived risk

In particular:

» Combination Cloud 1 combines five categories: Low Risk; Inscribed circle
diameter: 40 m <D < 60 m; Circulatory roadway width: 7 m <W <9 m; Right-turn
bypass lane: absent; Traffic flow: low;

» Combination Cloud 2 combines six categories: Medium Risk; Number of lanes: 2;
Inscribed circle diameter: D > 60 m; Circulatory roadway width: W > 9 m; Right-
turn bypass lane: present; Traffic flow: medium;

» Combination Cloud 3 combines five categories: High Risk; Number of lanes: 1;
Inscribed circle diameter: D < 40 m; Circulatory roadway width: W < 7 m; Traffic
flow: high.
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The geometric parameters associated with the overall and transversal dimensions of
the roundabouts (i.e. diameter and width of the circulatory roadway), are perceived as
dangerous both in the case of “configurations of minimum dimensions”, i.e. D <40 m
and W <7 m (High Risk), which in the case of “configurations of maximum dimensions”,
1.e. D> 60 m and W > 9 m (Medium Risk). In the first case (small roundabouts), young
people probably perceive the danger of being involved in road accidents resulting from
those operating conditions in which, also because of the high vehicular flows, the vehicles
are forced to move in reduced spaces without maintaining the appropriate safety
distances. In the second case (large roundabouts), there is a significant perception of the
danger because the vehicles have too large spaces available that can also encourage
hazardous or irregular maneuvers by other users.

As regards the presence of one or two lanes on the geometric elements of the
roundabouts, it was found that young people perceive single-lane roundabouts more
dangerous than double-lane ones. It should however be noted that the two categories (L1
and L2) associated with this variable are both equidistant from the center of the MCA
plot and almost equidistant from the two categories R2 and R3 representative of medium
and high risk conditions. It can be stated, therefore, that the variable "number of lanes" is
not the most influential in the perception of the risk of accidents by young people; the
sensation of risk seems to be directly linked to the fact of having to enter the circulatory
roadway, regardless of whether the entry to the roundabout is organized with one or two
lanes.

The presence of the right turn-bypass lane influences the perceived risk, although it
does not lead to the perception of the highest risk in the young respondents. The
respondents perceive a low risk of accidents in roundabouts without right turn-bypass
lane and a medium risk in roundabouts with right turn-bypass lane.

Finally, traffic conditions strongly affect the risk of accident perceived in roundabouts.
It is clear that risk perception grows with traffic congestion. In fact, as evidenced by the
position of the T1, T2 and T3 categories in the MCA plot, the fluid traffic conditions are
perceived at low risk, the medium ones at medium risk and those of congested traffic at
high risk. These findings are consistent with previous studies regarding the relationship
between roundabout geometric design, traffic conditions, and crash rates. A lot of
researches showed, for example, that that variations in crash rates at roundabouts are
mainly driven by the traffic (e.g. Daniels et al., 2010; Pecchini et al., 2014; NCHRP,
2010) and that an increase in the circulatory roadway width increases the total crashes in
roundabouts (e.g. NCHRP, 2010; Farag and Hashim, 2017).

3.3 Definition of a ranking of roundabouts in relation to perceived risk

The results of the MCA analysis applied to the collected data showed that roundabouts
risk perception for young people is weakly affected by the socio-demographic
characteristics, and it arises mainly from geometric characteristics and traffic conditions
affecting the safety offered to the different type of users (drivers, motorcyclists and
pedestrian).

With the aim of a better understanding of the role of these variables in the roundabouts
risk perception for young people, the “Discrimination Measures” obtained by the MCA
analysis (Figure 8) were used to determine the Weighting Factors (WF;) of the variables
associated with the geometric and traffic characteristics; this is to quantify the influence
of these variables on the “Perceived Risk of Accidents” variable.
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From the diagram shown in figure 8 it is even more evident that the traffic flow is that
which contributes the most to influencing the risk perceived by young users. Conversely,
the diameter of the roundabout and the width of the circulatory roadway have the least
influence on the perception of risk.

The Weighting Factors (WF1) deduced from Figure 8 are shown in Table 6.

Table 6: Weighting Factors of the variables associated with the geometric and traffic
characteristics.

Number of  Inscribed circle Circulatory Right-turn Traffic
lanes diameter (D) roadway width (W) bypass lane flow
Weighting 2.2 1.0 14 2.90 21.3

Factors (WF;)

Furthermore, from the MCA plot, the distances of all the categories associated with the
geometric and traffic variables from the three risk categories (Low, Medium, High) were
evaluated. Table 7 shows these distances (Disti) using conventionally:

» the number 1, to indicate the distance of the geometric or traffic category from the

furthest risk category;

» the number 3, to indicate the distance of the geometric or traffic category from the

nearest risk category;

» the number 2, to indicate the distance of the geometric or traffic category from the

risk category other than those defined in the previous points.

Discrimination Measures

Dimension
1 2 Mean
Gender ,006 ,054 ,030

Perceived Risk of 073 293 ,183
Accidents

Age 010 047 028 Inscribed circle diameter
0.8- Travel Mode ,073 ,037 ,055
Number of lanes ,543 412 478
Right-turn bypass lane 687 134 411

Inscribed circle ,899 789 844
diameter

Circulatory roadway 1962 328 1645
width

~ 0,6 Traffic flow ,090 ,338 214
Active Total 3,343 2,432 2,887
g % of Variance 37,142 27,024 32,083
2 Number of lanes
g 0,41 Circulatory
5 Traffic flow roadway width
Perceived Ris|
of Accident
0,2 g
Right-turn bypass lane
Age
0,04
Gender
I I I I I I
0,0 0,2 0,4 0,6 0,8 1,0

Dimension 1
Variable Principal Normalization.

Figure 8: Discrimination measures
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Table 7: Conventional distances of geometrical and traffic categories from risk categories

Conventional distances (Disti)

Number o Inscribed circle Circulato Right-turn
lanes ! diameter (D) roadway widl’z}( W) byjass lane Traffic flow

Perceived L1 L2 DI D2 D3 Wl W2 W3 BI B2 TI T2 T3
risk of

accidents

Low (R1) 1 1 1 3 1 1 3 1 1 3 3 1 1
Medium (R2) 2 3 2 1 3 2 1 3 3 1 1 3 2
High (R3) 3 2 3 2 2 3 2 2 2 2 2 2 3

The level of risk perceived for a specific configuration of roundabout was defined by
the weighted average, using the Weighting Factors (WFi), of the distances (Dist;)
associated with the geometrical and traffic categories that fully define the configuration
of the analyzed roundabout. Dividing all the values of the risk level to the minimum value,
that is the one associated with the perceived less dangerous configuration by the young
respondents, the “Relative Risk Levels (RRL)” shown in Table 8§ were obtained. The
combination of the geometric variables (number of lanes, inscribed circle diameter,
circulatory roadway width and right turn-bypass lane) and of the traffic conditions gave
rise to 11 different configurations of roundabouts (configuration A to K in Table 8). In
order to find the combinations of geometric factors and traffic conditions in roundabouts
preferred by young users, a ranking of the 11 configurations of roundabouts was defined.
The ranking was defined based on the RRL values for the 11 configurations of
roundabouts. The configurations were ordered by decreasing order starting from the
highest value of the Relative Risk Level.

Table 8: Relative Risk Levels (RRL) values for 11 configurations of roundabouts

N.of  Right turn- Circulatory Inscribed circle Traffic ~ Relative Risk

lanes  bypass lane  roadway width diameter flow Level
Configuration A 1 Yes W<7m D<40m Low 1,006
Configuration B 1 Yes W<7m D<40m Medium 1,203
Configuration C 1 Yes W<7m D<40m High 1,360
Configuration D 1 No Tm<W<9I9m 40m<D<60m Low 1,003
Configuration E 1 No Tm<W<Im 40m<D<60m Medium 1,199
Configuration F 1 No Tm<W<9Im 40m<D<60m High 1,357
Configuration G 2 Yes W>9m D>60m Low 1,001
Configuration H 2 Yes W>9m D>60m Medium 1,198
Configuration I 2 Yes W>9m D>60m High 1,355
Configuration J 2 No Tm<W<9Im 40m<D<60m Low 1,000
Configuration K 2 No Tm<W<I9m 40m<D<60m Medium 1,197
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The radar chart in Figure 9 provide a graphical representation of this ranking: it shows
the risk perceived for the 11 configurations of roundabouts in decreasing order, from
the one perceived as the most dangerous to the one perceived as the safest. Therefore,
in this chart the 11 configurations of roundabouts analyzed were placed in descending
order according to their level of risk perceived, clockwise starting from the most
dangerous at the top center. The configurations have been exemplified through
schematic drawings representing their geometric characteristics and traffic flows, in
order to have an immediate view of them. In the different drawings, high traffic flows
are represented with red cars, medium traffic flows are represented with blue cars and
low traffic flows are represented with green cars.

From Figure 9 it can be immediately observed that the variable mostly affecting the
risk perception is the traffic: indeed, the configurations perceived to be the most
dangerous (i.e., configurations C, F and I) despite having different geometric
characteristics, are exactly those with high traffic flows. Conversely, the configurations
perceived as the safest (i.e., configurations A, D, G and J) are precisely those with the
lowest traffic flows. The configurations B, E, H and K, positioned in the radar chart
between those perceived as the most dangerous and those considered to be the safest,
are all those characterized by medium traffic flows. Therefore, the radar chart shows
three groups of roundabouts characterized, in order of decreasing perceived risk, by
high, medium and low traffic conditions.

High Risk

High Risk

Figure 9: Risk perception radar chart for the 11 configurations of roundabouts
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The three groups of roundabouts, highlighted by the radar chart, therefore are
homogeneous from the point of view of traffic conditions, but not homogeneous as
regards the geometric characteristics of the roundabouts. With regard to the geometric
parameters, the following considerations have therefore been deduced, valid for each of
the three groups mentioned above:

» the greatest risk is perceived on small roundabouts, with the single lane on the legs
and on the circulatory roadway;

» the minor risk is perceived on medium / large roundabouts, with the double lane on
the legs and on the circulatory roadway;

» the right turn-bypass lane seems to have little influence on the perception of risk.
Indeed, in the roundabouts included in each of the three analyzed groups, this lane is
alternately present and absent and, therefore, there is no clear influence of this
geometric element on the level of risk perceived by young users.

3. Conclusions

This study investigated the risk perception of roundabouts for young people in order to
identify the major factors which influence such perception. A road users survey was
developed to obtain young people feedback on roundabouts. Multiple Correspondence
Analysis (MCA) was used in order to understand how the young people features, the
geometric characteristics and the traffic conditions of roundabouts affect the respondents’
risk perception. Finally, a risk perception scale was defined for the configurations of
roundabouts identified. From the radar diagram representative of the risk perception scale
for the configurations of roundabouts related to the geometric characteristics and to the
traffic flow considered, the following results were found:

1. traffic conditions strongly affect risk perception of roundabouts. On a sample of 11
configurations of roundabouts, all three perceived as the most dangerous are
characterized by high traffic flows;

2. the roundabouts with small circulatory roadway (smaller than 7 m), with a diameter
less than 40 m and with one lane on the legs and on the circulatory roadway are
generally perceived as more dangerous than those with a medium/large circulatory
roadway (larger than 7 m), with a diameter longer than 40 m and with two lanes n
the legs and on the circulatory roadway;

3. the right-turn bypass lane affects the respondents risk perception, but not in a clear
and unambiguous manner.

It is well known that roundabouts are safer than other forms of intersections. However,
driving behavior is continuously changing. It is therefore important to understand how
roundabouts design could be improved to make them safer for their actual users. The
authors believe that the results presented on this paper provide updated findings which
may be useful to improve roundabouts design. The results of this study are based on a
certain sample of young people and on certain configurations of roundabouts. Further
studies will focus on overcoming the above-mentioned limitations. Sample sizes could be
larger and other several geometric configurations of roundabouts could be considered.
The results presented in this research along with future extensions would provide a
complete comprehension of the young drivers’ behavior for the optimum design of
roundabouts. This type of study could also be extended to other categories of users (such
as the elderly, the pedestrians, the motorcyclists, etc.) in order to understand the
roundabouts risk perception for different type of users.
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