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Abstract: The new vision of road safety issues is based on
a systematic approach called a ’safe system’. This
approach has been applied recently in some developed
countries and resulted in a significant reduction in road
fatalities. On the other hand, it is necessary to develop
an index to use not only in assessing the size of the road
safety problem but also to monitor the intermediate
outcome of its operational performance. This paper aims
to review the modified indicators of the operational
performance of road safety systems based on the
fundamentals of the ‘safe system’ vision. A methodology
is presented to choose comprehensive, measurable, and
independent indicators which are relevant to the new
vision and can be used to predict the conditions of the
problem and enable actions to be taken to prevent road
crashes from happening. In this methodology, the main
indicators of road safety are classified into thematic
indicators and individual indicators. These indicators are
subjected to evaluation according to measurability,
comprehensiveness, and availability of data. The final set
of indicators is grouped into three thematic groups; safer
road mobility, safer road user behavior, and safer
vehicle. Based on the evaluation of the suggested
indicators, it is concluded that the iRAP star rating is the
most comprehensive, measurable, and dependent
indicator to reflect the safer mobility indicator. Speeding,
using a protective system, consuming psychoactive
substances, and using a mobile phone while driving are
chosen as safer road user behavior indicators. The
EuroNCAP is chosen as the safer vehicle indicator.

Keywords: Road infrastructure; road user behavior; safer
speed; vehicle safety.

1. Introduction

Road safety has become an important global
issue. It is recognized by the World Health
Organization (WHO) and the United Nations
(UN) as a leading cause of a high rate of death.
Road fatalities have reached an average of 3000
deaths per day which exceeds the average rate
[1-5]. This issue has an impact on health,
economic, and social issues. Therefore, global
actions have been taken based on best practices
in Sweden and The Netherlands, where a
significant reduction in road fatalities and
injuries has been achieved [6-8]. A new vision
called the ‘safe system’ has been produced
recently. The safe system concept is that road
safety is a multi-dimensional system, in which
all dimensions including the vehicle and road
design share responsibility for affecting the
number of road deaths, while still
accommodating the needs and mistakes of road
users. While the traditional vision of road safety
focused on road users’ behavior, as it was
considered the main cause of road fatalities and
injuries [9-11]. Recently, actions to improve the
level of road safety have been based on the
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recent vision to include developing safer vehicle
design and road infrastructure, and have
produced successful results.

The need for global action on road safety has
been raised by the WHO [1]. Global plans to be
declared, such as the UN General Assembly’s
Decade of Actions on Road Safety (2011- 2020)
(DARS 2011-2020) and (DARS 2021-2030)
with a target of reducing road fatalities by 50
million [12-14]. In addition, the UN published
the 2030 Agenda of sustainable development
goals (SDG), in which road safety was included
in two target groups [5]. Despite this, the global
rate of road killers is at a constant amount, and
the results of assessments show that the majority
of road fatalities are in countries with low and
middle-income levels [3, 4]. This leads to a
focus on assessing road strategies at national
and regional scales to measure the extent to
which the new vision has contributed to the
change.

2. Road Safety Performance

The performance of road safety systems can be
assessed by various metrics. It is essential to
assess the size of the issue, to screen the
improvement of the system, and to give early
warnings when the system indicates early
failure. It is also important to rank countries and
strategies and to identify the most successful
practices [3, 15-17].

Indicators are tools for expressing scientific
knowledge in understandable and applicable
ways [18]. The ETSC [16] defined a safety
performance indicator as “any measurement that
is related to accidents and casualties, indicate
the safety performance or the process that leads
to  accidents”. The most  important
characteristics of system indicators are the
ability to measure the dimensions, and risk
factors of unsafe systems, and the size of the
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factors’ contribution [19]. The traditional term,
and the most popular, of road safety indicators
is the ‘final outcome’ indicator. It can be in
form of crash frequency or crash rate [20-24]
which can reflect the overall situation [15].
However, these indicators may be subjected to
frequent inconsistence variance. In addition, an
objective representation of road safety outcomes
requires real crash data. Data collection
problems lead to unreported and unreliable
recorded data, which in turn results in an
incorrect assessment of changes in the road
safety situation [17]. Furthermore, outcomes
could not be used to monitor the process and
diagnose factors causing crashes, which mean
predictions of a crash happening and the
predicted severity level, will be in error. It also
cannot be used to suggest a suitable treatment
[25]. Moreover, the use of a single indicator is
not effective in measuring performance in a
multi-dimensional system since each dimension
must have a different indicator [16, 26].
Therefore, it is necessary to identify more
indicators to help assess the size of the problem
in a better way. Recently, other types of the
indicator have been used [27]. These indicators
reflect the performance after treatments in
different terms, such as the length of roads
furnished with proper types of median [21, 22,
24, 28]. These indicators reflect the intermediate
outcome of the operational performance. This
type of indicator helps to predict the conditions
of the problem and enables actions to be taken
to prevent road crashes from happening [17, 27,
29, 30]. Studies have been conducted to identify
road safety indicators. They were reviewed in
this research to evaluate them according to their
relevance to the safe system and according to
other criteria such as comprehensiveness and
measurable. This research will be focused on
identifying indicators reflecting the intermediate
outcome.
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3. The Aim and Objectives of the Research

The main aim of this research is to review
indicators of the operational performance of
road safety systems and identify those based on
the principles of the safe system vision. The
objectives are identified as follows:

1. To identify the thematic groups of the road
safety operational performance

2. To identify the individual indicators of each
of the identified thematic groups.

4. Methodology
Five steps have been followed:

1. Reviewing the literature regarding the
safe system to define the suggested main
(thematic) group of indicators.

2. Reviewing the literature regarding
indicators used in previous attempts of
defining road safety indicators and the
sources of data used to identify and
measure the selected indicators. This
step will produce the suggested set of
individual indicators.

3. Reviewing the literature regarding the
best indicator measurement criteria to
use in this research in evaluating the
potential set of indicators.

4. Evaluating the suggested
indicators against the
measurement criteria.

set of
chosen

5. Deciding the final set of thematic and
individual indicators.

6. Review of the Safe System Components

Identifying the thematic indicators is based on
two criteria which are the purpose and the
theory. In this research, the purpose is the
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operational performance assessment when the
theory is the “safe system” approach [31, 32].

The concept of the safe system is that it should
accommodate the vulnerabilities of the human
body [1, 2, 12, 17, 33]. The mistakes of road
users also should be corrected. These have been
achieved in the recent treatment programs by
improving the roads and vehicles’ design and
technologies, and by managing speed limits.
Road user behavior should also be improved to
avoid deliberate mistakes that lead to severe
crashes [4, 9, 11, 13, 17, 33, 34]. Based on that,
the components of the safe system can be
classified into four groups: road infrastructure,
speed, vehicle, and road user behavior.

5.1. Safer Road Infrastructure

The prevention of road deaths is considered
during the design stage during the construction
of roads through road safety audits and
inspections [17, 35, 36].

The safe system standards aim for so-called
‘safe-explaining’ and ‘forgiving’ roads [37]
which results in a reduction in road fatalities of
about 30% in Europe [38]. The term ‘self-
explaining’ is used when the requirements of all
road users are taken into account through good
signage and interaction. The different classes of
roads should be classified according to the
layout with adequate markings and signs, speed
limit, and traffic mass [37, 39]. The needs of
cyclists and pedestrians should also be
considered [40]. The forgiving roads take driver
errors into account through design. For example,
the error of lane departures can be controlled by
lane separation devices [37, 41].

5.2. Safer Speed

Setting a speed limit is a cost-effective short-
term solution [33] that can achieve a reduction
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in fatal crashes by 30% by managing the
interactions  between vehicles and other
vulnerable road users [6, 9, 10, 34, 42, 43]. It is
also more The ETSC [16] demonstrated that 1.0
km/h reduction in speed may save 5% of road
fatalities. Research shows that vehicle speeds of
60 km/h lead to more collisions involving
serious injuries or fatalities within the pedestrian
group [11, 44-46]. In Australia, a speed of 30
km/h is the safe speed limit for pedestrians and
cyclists [46], and 50 km/h on motorways and
intersections [9, 33]. Examples of techniques
used to manage speed include using vehicle
engineering enforcement (intelligent speed
adaptation  [47], excessive speed alerts
(especially in hazardous locations)), and road
engineering enforcement (speed humps) [34].

5.3 Safer vehicles

The active and passive vehicle safety standards
are highly recommended to be taken into
account in road safety studies [33, 34, 41, 42,
48, 49]. Active safety (i.e., crash avoidance by
vehicle design) measures include stability
control, anti-brake system (ABS), and speed
limiters. Passive safety technologies (i.e., crash
protection) include air cushion technology
padded dashboards, and seatbelts.

5.4 Safer Road User Behavior

The deliberate errors of drivers are the reason
for about 30% of road crashes in some European
countries [17, 41]. The WHO [15] shows that
regulating laws of road safety is essential to
improve road user behavior. It has been proved
that enforcement is effective in improving road
user behavior [5, 26, 49]. Seven factors are
essential for road safety laws legislation [46],
speeding, drunk-driving, helmets, seatbelts,
child restraints, using a mobile phone, and
driving under the influence of drugs [4].

5.4.1 Speeding
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It is the major reason for the high rate of road
fatalities [50]. Innovative technologies such as
speed cameras have been reduced as an
enforcement tool to control speeding; it leads to
reduce offenses by 70% and road fatalities by
32% in developed countries [26].

5.4.2 Psychoactive substances

Consuming alcohol and illegal drugs is another
important factor in road crashes [16, 21].
Drinking alcohol reduces the ability to operate a
motor vehicle [51]. Blood alcohol content
(BAC) is used as a variable of alcohol drinking
[26]. Studies demonstrated that each increase in
BAC level by 0.02% may lead to a raise in the
risk crashes [1, 53]. The allowed maximum
BAC is determined by some safety policies,
0.05 g/dl is general drivers and 0.02 g/dl for
novice and commercial drivers [26, 48, 46].
Breath testing is a suitably systematic check of
the BAC of drivers [16, 48, 52, 53]. Chemical
test tubes were also used for the detection of
breath alcohol in some countries but were
replaced with electronic screeners [26]. The
effect of drug intake is considered recently in
road safety laws, but drug testing is still more
complicated. The influence of drugs is properly
considered in road safety legislation and
education programs [26].

5.4.3 Using protecting systems

It is reported that the wearing of a seat belt
saves the life of 40-65% of the car occupants in
crashes [16, 43, 46]. This is achieved by
legislation and enforcement of safety rules [46].
The recent innovation that enhance the safety of
car passengers such as seat belt reminder and
seat belt ignition interlock [34] are essential to
encourage using protective system. While seats
belts are mandatory for adult occupants, child
restraints have been developed for children
under 9, or 12, years’ old depending on the
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country [53, 54]. This system reduced severe
crashes among infants to 25% and among
children under age 5 to half [1, 16, 43, 46]. The
use of helmets is also included in road safety
laws for all motorcyclists. Wearing helmets has
been shown to prevent 20-45% of serious
crashes and 60-80% of cyclists [1, 15, 52]. It
has also been demonstrated that wearing
helmets by motorcyclists may reduce the risk of
head injury by 70% [16, 43, 46, 55], and
wearing helmets by cyclists reduces the risk of
head injuries by 63-88% [28, 56].

5.4.4 Using a mobile phone during driving

Distracted driving resulting from using mobile
phones leads to significant speed variations and
longer response times [4, 50, 57, 58]. Rahman et
al. [58] referred to studies (Strayer et al., 2001;
Schreiner et al., 2004; Caird and Scialfa, 2005)
which showed that the response time of drivers
to a sudden event was longer by more than a
half second when using a mobile phone.
Rahman et al. [58], referring to Brace et al.
(2007), demonstrated that both hand-held and
hands-free mobile phones affect driver behavior
negatively. However, a hand-held phone is more
dangerous because it affects both physical and
cognitive performance.

6. Review of Road Safety Indicators on the
Previous Studies

The literature identifying road safety indicators
has been reviewed according to the criteria that
the authors used to select indicators and
according to what indicators are chosen in these
studies. Table 1 shows a summary of the
reviewed studies. It is noticed that the indicators
of road infrastructure are different between one
study and another with each considering
different factors related to road infrastructure.
The ETSC [16] considered the first real attempt
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at defining road safety indicators. Safety
standards for road infrastructure are compiled in
the SafetyNet study [43, 52, 59, 60] through
choosing the EuroRAP score (European road
assessment program) [61] which provides a
comprehensive list of indicators of protecting
factors. The EuroRAP was the first version of
iIRAP. The iRAP has been developed recently to
include road design elements and technologies
for protecting the road user and preventing
crashes from occurring [61]. The road
infrastructure classification is indicated by some
studies as the motorway length [21, 28]. It is
also noticed that road infrastructure indicators
are not taken into account in the studies
conducted by Wegman et al. [6], Wegman and
Oppe [22], Bax [53], and Gitelman et al. [62].
This may relate to the unavailability of data or
the challenges of finding a comprehensive
indicator. Regarding vehicle indicators, most
indicators are related to vehicle age, to the

composition of vehicle fleet, and to the
EuroNCAP rating [63] which has been
developed to assess the vehicle safety

requirements.
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Table 1. The reviewed literature in terms of the criteria of variable selections and the selected indicators

The selected indicators

The author The criteria fqr variables Road mobility
selection (infrastructure and speed Vehicles indicators Road user behavior indicators
limit) indicators
¢ Relevancy to the most ¢ % roads meeting design EuroNCAP 4 score e Speeding
effective practice in standards e BAC
*ETSC[16] European countries e % roads fitting in the road * wearing seat belts
¢ Data availability network hierarchy e using child restraints
¢ Al Haji [15] e data o reliability | % paved roads %vehicles e wearing seat belt
Availability quality o wearing helmet
e measurability e simplicity
e Vis [59] o Experiences EuroRAP scores EuroNCAP score e 9% fatalities due to alcohol
o Hakkertetal., | o Availability of data and drug consuming
[52] e Speeding
e Visand Van e wearing seat-belts
Gent [60] e wearing helmets
e Hermans [21] | eRelevancy eSensitivity | Infrastructure network density |e Vehicle age e Speeding
eMeasurability  edata e BAC
elInterpretability  availability e wearing seat belts
eComparability  eReliability

e Gitelman et Available data-specific sources e Crash worthiness e wearing seat belts
al.[62] e Vehicle fleet composition e alcohol-impaired driving
e Wegman and | e Quality aspects e EuroNCAP score o % fatalities resulted from
Oppe [22] * Sensitivity in time e Vehicle fleet composition drinking alcohol

® Relevancy to Policy

e Vehicle age

e wearing seatbelts

e Bax et al. [53]

Data availability

pedestrian protection
The average renewal rate of
cars

e BAC
e wearing seat belts

e Shen [28] Data availability e Motorway density ® % vehicle > 6 years e BAC
¢ % motorways e % vehicles > 10 years e speed limit
* % heavy vehicle e wearing seat belt
* % two wheels vehicles e using child restraints
o % cars awarded 5stars
e Chen [63] Availability and quality of data | e % paved roads, e 9% vehicle, not motorcycles | e % fatalities involving alcohol,

e Enforcement scores on road
safety audits

Enforcement score

¢ % seat belt use by front seated
e % helmets users
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Table 1. The reviewed literature in terms of the criteria of variable selections and the selected indicators

The author

The criteria for variables
selection

The selected indicators

Road mobility
(infrastructure and speed
limit) indicators

Vehicles indicators

Road user behavior indicators

e Tesic et al
[64]

Motorway density

e Vehicle age

e BAC
o speed limit
e seat belt wearing

WHO [4] Relevancy to safe system protection of vulnerable % vehicle provided with e % road deaths involving
Policy road users protection system alcohol
Promotion public transport e wearing seat belts
Promotion cycling and o wearing helmets
walking e using child restraints
Road audit and inspection o Enforcement score on using a
protection system
Jameel and e Speeding

Evdorides [65]

e Consuming alcohol and illegal
drugs
e Using protection system

Jameel [66] ¢ Relevancy to safe system iRAP score o NCAP score e Speeding
¢ Availability and quality of e Consuming psychoactive
data Policy substances
e Using Protective system
e Distracting during driving
Jameel and Auvailability and quality of data %o0f roads with RAP star ¢ Providing safety o Effective score of speeding

Evdorides [67]

rating greater than 3 star

technologies

enforcement, drinking-driver
enforcement, wearing seat
belt, child restraints, using
helmets

Jameel and
Evdorides [68]

¢ Relevancy to safe system
¢ Availability and quality of
data Policy

e The likelihood indicators
include speeding, drunk
drivers, drug drivers and using
mobile phones during driving.

e The severity indicators include
using a protection system.
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Road user behavior is the most studied element,
and indicators belonging to this group are
comprehensive. However, the research into drug
and mobile phone indicators are studied only
recently and therefore considered by just one
study [4].

The EuroRAP, the European road assessment
program, and EuroNCAP, the European new car
assessment program, are highly recommended
by global and regional road safety organizations
as tools for assessing road infrastructure and
vehicles respectively [3, 4]. They are also
recommended in the recent global actions of
road safety such as the DARS [12-14].
EuroRAP assesses road factors based on about
60 road attributes [61], categorized by crash
type, their impact on the likelihood or severity
of crashes, and road user groups (including
vulnerable road users and vehicle occupants). It
also considers about 60 countermeasures based
on a plan to invest in safer roads, developed
recently to upgrade the EuroRAP release to
iRAP (The International Road Assessment
Program). Since road safety strategies in many
countries have been developed around the
concept of a safe system, the EuroRAP has been
developed to consider a balance between road
and vehicle design, and driver behavior [69].
The built-in indicator of EuroNCAP includes
adult and child occupants, pedestrian protection
and a safety assistant system. The first version
considers the passive safety factors while the
latest version considers both passive and active
safety indicators [70].

7. Suggestions for Thematic Indicators

Based on the review of safe system components,
the thematic indicators which represent the main
group of indicators have been suggested. They
are: road infrastructure, speed, road user
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behavior, and vehicles Indicators of each group
are shown in Fig. 1.

8. Suggestion for Individual Indicators

The suggested thematic and individual
indicators are shown in Table 2. It is important
to mention here that some individual indicators
are suggested based on the requirements of the
global policy of road safety, DARS [12-14], and
added to the list of candidate indicators. The list
is as follows:

The iRAP score of 3 stars and more is used as a
target by the UN, World Bank, and the WHO [4,
12-14, 61]. Therefore, this indicator is
recommended.

The road separation indicator between walkers,
cyclists, and cars is recommended by literatures
[4] and DARS. Therefore, this indicator is
included in the candidate list of individual
indicators of a safer road network.

The iIRAP methodology is evaluated concerning
indicators of safer road network classification. It
is concluded that:

- The upgraded version (iRAP), developed in
2012, considers the requirements of all road
users’ safety, including pedestrians and
cyclists [71]. The older alternative, the
EuroRAP, was the version used in the
SafetyNet study that was conducted in 2005
[59]. Therefore, the iIRAP is considered in
this research to be the best use as an indicator
of safer road infrastructure.
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Safer road safety indicators

! !

Road Speed limit
infrastructure
safety
Safer road Setting of safer
— design speed limit
elements based on road
class
Safer road
—>  networking
hierarchv

Using adaptive
speed-

Providing
management
—>  effective road g technologies
audit
Safer public

—>| transportation

! !

Road user Vehicle
behavior safety safety
S Speeding N Passive safety
Consuming Active safety
—> psychoactive- —>
substances
Using Age of vehicle
—> protection- —>
system
Distractions Vehicle
—>  while driving —>  compatibility
V \

Figure 1. The suggested groups and sub-groups of the road safety performance indicators

- The ITF study [17] refers to some road
features which are also considered by iRAP
in the creation of a self-explaining
environment such as the number of lanes and
presence of curvatures [69], pavement
marking, and functional design. In addition,
the input indicators of the iRAP including the
median type, area type, land use, and
property access points [61, 69] are considered
in the classification of roads by function and
type [72]. Furthermore, the road network
hierarchy reflects best practices in safety
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design such as the countermeasures for
sidewalk/footpath segregation [72-75]. These
may indicate the homogeneity and
functionality of roads [73].

The needs of vulnerable road users are
considered by some indicators. Examples are
number of lanes [76], segregation of lane and
road [77, 78], intersection type, pedestrian
crossing facilities [79], and pedestrian
fencing [80]). The separation of walkers and
cyclists is considered by the IiRAP
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methodology. Therefore, the iIRAP is as an
indicator of pedestrian safety.

- Road safety audit indicators. The
effectiveness of road auditing is chosen by
Chen [63] and suggested in this research.
Since it is well known that iRAP is a
comprehensive and systematic tool of road
assessment [69, 81], and the validity of this
tool has been proven in practical situations
[82], using IRAP in assessing roads is
suggested in this research as an indicator of
road audit score.

- Safer public transportation. Even though this
is recommended as a component of safer
roads strategy by the WHO and the UN [4],
there are no suitable studies regarding the
indicators of safer standards of public
transportation. Therefore this indicator is not
included further in this research.

- Safe speed. Indicators of safe speed are
represented in this research by the percentage
of road length with a speed limit less than the
safe speed recommended by the reviewed
studies. The IRAP score is used as an
alternate indicator of safe speed [83],

- The enforcement of laws covering drink-
driving, drug driving, speeding, wearing seat
belts, using child restraints, wearing of
helmets, and using mobile phones while
driving, is suggested based on best practice
recommendations.

- The EuroNCAP is used to indicate the active
safety of vehicles and, since its last version
also considered the technologies of
crashworthiness, the EuroNCAP rating can
be used as a comprehensive indicator. The
minimum requirement of the UN in the
DARS is to provide crash avoidance and
crashworthiness technologies [12-14, 84, 85].
Five stars is suggested in this research.
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- Old studies adapted by Gitelman et al. [27]
used vehicle age as an indicator of safer
vehicles because newer vehicles are equipped
with protection technologies, and managed
more efficiently by the vehicle structures
[86]. Since this is already included in the
EuroNCAP rating, it is the EuroNCAP rating
that is suggested as an alternative indicator of
vehicles’ age.

9. Evaluating the Suggested Indicators

In most of the reviewed literature presented in
Table 1 [15, 21, 59] and in other studies from
other domains in which indices have been
developed [87-89], the candidate set of
indicators is refined using specific criteria.
Some studies [21, 64] refined the most
important indicators based on the availability of
data and other criteria which are:

- Relevancy to the phenomena or the assessed
policy [90].

- Measurability [88]. Indicators should be
represented in quantitative or qualitative
measures, or in ordinal or numerical forms
[90].

- Comprehensiveness [15]. Indicators that
measure all or most of the factors related to
the index are preferable.

- Simplicity [87-90]. Indicators should be
understandable and have the tendency of
changing variables.

- Comparability [87-90]. Using indicators in
comparing should be considered.
- Sensitivity [87,88]. It is also preferable that

indicators should be able to reflect changes
over time.

- Independency. It is essential to avoid
correlation between two or more indicators
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[90] which means two indicators referring to
the same concept.

Achieving target. Booysen [90] refers to two
kinds of objectives: means and ends. For
example, the rate of road deaths involving
alcohol belongs to the ‘end” while the rate of
enforcements per a specific length of roads
belongs to the ‘mean’.

Validity [90]. That the values of indicators
have a clear impact when they change.

Data availability: This may be the most
critical criteria of the most of the reviewed
studies. Several sources of data are evaluated
to provide the needed data such as the
IRTAD, the WHO, the iRAP websites, and
other local websites such as the Data.uk.gov
website. The results of the evaluation are
shown in Table 2.

stars. This indicator is also related to the target
set by the UN [4, 12-14].

The indicators of the percentage paved road,
percentage of motorway length, motorway
density, and the density of the network are not
comprehensive since each of them includes a
factor of road infrastructure safety. In
addition, some factors are already included in
the iIRAP, and may cause overlapping with the
IRAP indicator.

Regarding the effectiveness of road auditing,
the applicability of iIRAP in assessed countries
is chosen because there is no other available
data which reflects this indicator.

The first stage of revision produces two
indicators, the percentage of roads awarded
three stars or more, and the applicability of the
IRAP methodology. The data regarding these
two indicators are available on the iRAP
website.

10. Discussion of the Evaluation Results

Because the iRAP indicator is already
chosen to be the indicator of safer road
infrastructure, and to avoid overlapping, the

The results of the evaluation of this set of -
indicators are:
- The most critical criteria in evaluating the

suggested indicators are comprehensiveness,
independency, and achieving set targets. The
percentage of roads meeting safety standards
(forgiving and self-explaining) is hardly
measured because of the multitude of factors
affecting the safety level of roads. However,
the iIRAP produces a methodology that can
consider most of the factors, and it is more
comprehensive than other indicators in
considering the three subgroups of safer road
infrastructure indicators.

The iRAP methodology produces a rating of
road section [61]. Since there is no valid
methodology iRAP scores aggregation over a
whole road network, it is considered to be
immeasurable and it is replaced with the
percentage of roads having more than three
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safer speed indicator is merged with the safer
road infrastructure indicator, and given the
new name of ‘safer road mobility’.

The suggested indicators of speeding factor
are fit in terms of all the chosen criteria.
Therefore, they are decided as the first two

individual indicators of safer road user
behavior.
The effective score of drink-driving

enforcement is chosen, but the effective score
on the enforcement of drug consumption is
excluded because of data unavailability. The
data for drug-driving is limited because there
is no consistent enforcement method of
checking drivers for drug-driving.
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Table 2. Evaluating the suggested indicators

The criteria of selecting indicators
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Safer Road design “% roads meeting forgiving road standards N NN N N
elements % paved roads N N N A J
EuroRAP scores N, NN N A N
® % roads with RAP star rating greater than 3 stars* N NN N NN A NN Y
] § % roads fitting in road network hierarchy(self-explaining criteria) N NN A A N
€3 Safer road network | % motorways J v v A N
% & classification infrastructure network density N v v N
= Motorway density N v N J
. % separated walking and cycling infrastructure* N, N NN A NG
% roads with RAP star rating of more than 3 stars* \/ NN N A A NooA
Road Audit Road audit and inspection effectiveness score N NN N A NN
inspections Is RAP methodology applied?*” N NN N A A NN W
Setting max. “% urban roads with a max speed limit less than safer speed* N N NN A NN A
3 speed limit % rural roads with a max speed limit less than safer speed* N N NN A NN A
S | Per road % motorways roads with a max speed limit less than safer speed* N N VoW W v NN
3 class iRAP score (% of road < 3 stars)* N, NN N AN NNy
3 Speed management | iRAP score (% of road < 3 stars)* N, NN N A NN W
technologies EuroNCAP score (% vehicles awarded 5 stars)” N NN N A NN W
Speeding % drivers driving above the legal limit N NN N A A A A NN
= an effective score of speeding enforcement* + NN N NN AN AN A
§ Consuming % >BAC limit (0.05 for general drivers, 0.02 for novice and commercial drivers \ NN NN SN
] S | psychoactive % of fatalities involved alcohol and drug consumption, N NN N AN NN A
& c;s substances an effective score of drinking-driver enforcement* N, NN N N A AN NN
= 8 an effective score of drug enforcement N NN N A A A A
ﬁ Using Protective % wearing seat belts, N, N NN N NN A
system Effective reinforcement score of wearing seat belt* v N NN NN N A A
(seat belt, child % children using child restraints in front and rear seats \ N NN N NN
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The criteria of selecting indicators
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E g oub-groups of The individual indicators HEREEE g £ Bl
2c So| 8 8| 5| g 5| o591 > <
- 3 2| § gl °| E|< £
O o

restraints, Effective reinforcement score of child restraints* \ v NN A N A A

and rate of wearing helmets by two wheels occupants v W N N N NN NN

helmets) Effective reinforcement score of using helmets* v < NN NN N A
Distracting % drivers using mobile phone while driving(hand-held and hand-free) v NN N NN N AN A

during driving Effective reinforcement score of using mobile phone N NN N NN A NN

Vehicle age % cars less than 6 years N NN N A N

% old vehicles > 10 years NN N Ny NN

Median age of the passenger car fleet N NN Ny NN

Active safety % in front visibility daytime running lights N N NNy N

requirements Enforcement score on vehicle standard applied N NN A N AN N A

EuroNCAP score (% vehicles awarded 5 stars) N, NN A AN AN YA

% cars awarded 5stars on car occupants N N NNy N

% vehicle with effective electronic stability control N ~ NN A NN

% vehicle with anti-lock braking systems? N N NNy N N A

ﬁ Passive %Passive safety score (NCAP) (crash worthiness) N NN N A N

& safety score of pedestrian protection N N N N

; requirements Enforcement score on vehicle standard N N oA N NN N

E % vehicle with effective seat belt N N N N

% vehicle with anchorages N N N N

% vehicle with child restraint systems N N N N

% vehicle with safer frontal and side impact standards v W NN A N

% cars awarded overall 5 stars” \ VoA NN NN N

Vehicle % heavy vehicle N N N N A
composition % two wheels vehicles N N NNy N

%vehicles in the total vehicle fleet VN NN NN v N

Vehicle fleet composition N N NN N A NI

% vehicle not motorcycles N N N N
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are

The indicators of using a protective system
chosen together to achieve the

comprehensiveness target.

The indicator of using a mobile phone while

driving is chosen, but the enforcement score is
excluded because of data unavailability.

- The indicators of vehicle age are irrelevant to

!

—>

road safety policies based on safe system
principles. These principles are based on the
evolution  of  vehicle  designs to
accommodate road users’ needs and
mistakes. In addition, there is no target value
to be set. These indicators are considered
indirectly by the EuroNCAP by testing the
vehicles’ safety according to its year of
manufacture. Therefore, this subgroup of
indicators is not chosen in this research.

Safer road safety indicators

v

- The EuroNCAP

iIs considered the most
comprehensive indicator in countries where
it is applied as a testing and assessment tool
for vehicle safety. The EuroNCAP can also
interpret the target of policies for
crashworthiness and avoidance technologies.
Therefore, the EuroNCAP is the chosen
indicator of active and passive safety.

Based on the results of the evaluation, the
final set of indicators is selected and shown
in Fig. 2.

\’ v

v

Safer road Safer road user behavior Safer vehicle
mobility
— Speeding  —> %drivers exceeding speed limits % vehicle rated
five stars
% roads rated 3 c )
stars or more | S pg;cs:c:?c:igve N % road fatalities involving % heavy
i alcohol and drug consumin >
substances & g A vehicles
Using - % drivers and passengers wearing seat belt
—> protection- -% Wearing helmets
system -% using child restraints
- Effective reinforcement score
Distractions
while driving - % drivers using mobile phone
\

Figure 2. The final set of road safety indicators which are selected based on the determined criteria
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11. Conclusions

The final set of indicators chosen in assessing
the road safety system is divided into three
thematic groups, these are safer road mobility,
safer road user behavior, and safer vehicle. The
choice of these indicators is based on several
criteria such as independence, measurability,
achievable targets, and comprehensiveness.
Data availability is also critical to the suitability
of an indicator. The first thematic group is safer
road mobility indicators interpreting the
‘forgiving” and ‘self-explaining’ concepts in
road design. Based on the evaluation of the
suggested indicators, it is concluded that the
IRAP star rating is the most comprehensive,
measurable, and dependent indicator. The
percentage of roads awarded three stars and
more is the individual indicator which is used.
The second thematic group is safer road user
behavior indicators interpreting four main risk
factors. They are speeding, using a protective
system, consuming psychoactive substances,
and using a mobile phone while driving. The
third thematic group is safer vehicle indicators
interpreting the passive and active safety
requirements as well as compatibility factors
that reflect the vehicle composition. The
EuroNCAP is chosen as the most
comprehensive, measurable, and achievable
target indicator. The percentage of vehicles
awarded five stars is the individual indicator of
the passive and active safety requirements.
Regarding vehicle compatibility, most of the
vehicle types are considered by the iRAP and
the EuroNCAP. However, the factors related to
heavy vehicles are not considered. Therefore,
the percentage of heavy vehicles is added as the
second indicator of safer vehicles.
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12. Recommendations

The final set of indicators can be used to assess
and benchmark countries according to the
performance of implementing  strategies
incorporating the safe system vision

The indicators can be aggregated to develop a
composite indicator used to benchmark
countries and reflect the whole figure of the
road safety situation at a national scale.

The selected indicators can be categorized
according to their impact on the likelihood or
severity of road crashes.
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