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a b s t r a c t
The road safety performance of countries is conducted by combining seven main risk indicators into one
index using a particular weighting and aggregation method. Weights can be determined with respect to
the assumed importance of the indicator, whereas aggregation operators can be used to stress better performances differently from worse performances irrespective of the indicator’s meaning. In this research,
both expert weights and ordered weighted averaging operators are explored, evaluated and integrated
resulting in a ranking of countries based on a road safety index.
Ó 2009 Elsevier B.V. All rights reserved.

1. Introduction
Research on road safety has lately received a lot of attention in
trafﬁc science. Worldwide, an estimated 1.2 million persons are
killed in road accidents every year and as many as 50 million are injured [1]. Given this high number of casualties and the resulting
suffering and costs, road safety enhancing measures are urgently
needed. Better insight into the relative risk performance of countries is vital in this respect. Existing research has basically focused
on the identiﬁcation of risk factors leading to road accidents and
casualties (e.g., [2,3]). At the European level, seven main risk factors
have been agreed upon, namely alcohol and drugs, speed, protective systems, daytime running lights (DRL), vehicle, roads and trauma management [4,5]. The risk factors are captured by quantiﬁable
safety performance indicators (e.g., the alcohol and drugs factor by
the share of road users with a blood alcohol content above the legal
limit). A safety performance indicator is deﬁned as any measurement that is causally related to accidents and casualties and used
in addition to a count of accidents and casualties in order to indicate
the safety performance or understand the process that leads to accidents [4]. Indicator values can then be compared across countries
and key problem areas revealed. This makes it possible to select
appropriate measures that tackle the main risk aspects and consequently enhance the level of road safety in a country.
Countries could be compared on each indicator individually.
However, given the large number of relevant road safety performance indicators, the creation of an overall road safety performance index – which is a combination of road safety performance
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indicators – is valuable. One of the main advantages of an index
over a set of individual indicators is that the overall road safety picture is presented as the different risk factors are joined in this index.
Moreover, based on the index scores the countries’ ranking can be
set up representing the combined performance on essential road
safety risk indicators. Similar to the common road safety ranking
based on the number of road fatalities per million inhabitants, an
easy comparison across countries can be made based on one score
and the relative position of a country in the ranking identiﬁed. By
contrast, the indicators of which the index consists help in taking
appropriate action.
The combination of road safety performance indicators in an index is a methodologically intensive process consisting of various
steps [6]. In general, an index results from the aggregation of a
set of indicator values and a set of weights. In this paper, we focus
on two essential methodological aspects, that is the weighting of
road safety indicators and the aggregating of road safety indicators.
As the concept of indicators and indexes is relatively new in the
road safety ﬁeld, not much attention has been paid to these topics
so far. Composing an index as the average over all indicator values
is simple yet inappropriate. The importance of two indicators
might signiﬁcantly differ from each other and the idea of full compensation between good scores and bad scores might be unacceptable. Given the policy implications the index should be constructed
in a sound way. Therefore, the concept of weighting as well as the
ﬁeld of aggregation should be thoroughly evaluated.
The remaining of this paper is structured as follows: the indicator data are presented in Section 2. Relevant weighting and aggregation concepts are described and applied in Section 3. The results
in terms of the countries’ ranking are discussed in Section 4. This
paper closes with the main conclusions.
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2. Road safety indicator data
An index will be composed consisting of seven road safety performance indicators. Each risk factor is represented by one appropriate indicator for which reliable and comparable data are
available. In international data sources 2003 indicator values were
found for 21 European countries. The seven indicators are brieﬂy
described. The alcohol and drugs risk is captured by the percentage
of road users with a blood alcohol content above the legal limit.
The speed indicator measures the percentage of road users exceeding the speed limit on highways. Concerning protective systems
the seat belt wearing rate in front of cars and vans is the selected
indicator. As a proxy for the daytime running lights factor a categorical indicator is formulated specifying whether no, a partial,
or a full DRL law is in place. The vehicle risk is expressed by the
share of cars of maximum ﬁve years old. The ﬁfth indicator relates
to roads and is the network density, deﬁned as the network length
divided by the area. Finally, the share of the gross domestic product spent on health care is the trauma management indicator.
All seven indicators are deﬁned in such a way that a high indicator value should be aimed at. A country with high indicator values (e.g., a high seat belt wearing rate) has a good road safety
performance. However, each indicator being expressed on a particular scale and in a particular measurement unit, the indicator data
will be normalised to all lie between zero (the worst performance)
and one (the best performance). As we are aware of the fact that
the end result (i.e., the ranking of countries based on their index
score) is inﬂuenced to some extent by the indicator chosen for each
risk factor, the exact values are not employed. Since we expect the
relative ordering of the countries for example with respect to alcohol and drugs to be more robust than the speciﬁc values on a particular alcohol and drugs indicator, the interval [0, 1] is divided
into 20 equally spaced parts. The ﬁnal indicator values relate to
the interval [0; 0.05; 0.1; 0.15; . . .; 0.95; 1]. E.g., the second best performing country with respect to a speciﬁc indicator will obtain value 0.95. Table 1 lists the 21 countries’ data set on alcohol and
drugs, speed, protective systems, daytime running lights, vehicle,
roads and trauma management, which is used in this research.
The table can be read both vertically and horizontally. Of all 21
European countries, Sweden scores best on the alcohol and drugs
indicator (value 1) while Cyprus scores worst (value 0). In addition,
Austria has a better protective systems performance than Belgium.
Apart from the relative performance across the countries per indicator (vertically or column based), we are interested in the relative

performance across the indicators per country (horizontally or row
based). In other words, the seven indicator values of each country
are assigned a rank number with (1) referring to the largest indicator value and (7) to the smallest one. That way, the ordering from
good areas to problem areas becomes clear for each country. Of all
seven risk factors, Austria performs best with respect to daytime
running lights and worst with respect to protective systems.
The seven values of each country will be combined in an index
score using a speciﬁc weighting and aggregation method (see Section 3). Based on the 21 index scores a ranking will be produced.
This ranking will be evaluated quantitatively by computing the
Spearman’s correlation coefﬁcient between the index ranking on
the one hand and the ranking based on the number of road fatalities per million inhabitants on the other hand. In addition, a qualitative assessment of the methods will be given. In the end, we
want to combine indicators in a road safety performance index that
has been constructed by means of a sound and acceptable methodology and has a clear link with the number of road fatalities.

3. Weighting and aggregating
3.1. Weighting concepts
To obtain a composite indicator a decision needs to be made
upon the weight to assign to each indicator. In the index literature,
a number of weighting methods can be found (see e.g., [7]). In general, indicator weights can be determined based on correlations
(factor analysis), experts’ opinions (budget allocation or analytic
hierarchy process), optimization models (data envelopment analysis) or equally distributed (equal weighting) [8]. Here, we focus on
weights which represent the idea of experts concerning the importance of the indicators. In the analytic hierarchy process (AHP) [9]
experts are asked to judge the relative contribution of one indicator compared to another one. These pairwise comparisons are
somewhat time consuming and may involve some level of inconsistency (e.g., A > B; B > C; C > A). Therefore, we opt for the more
simple design of the budget allocation (BA) method. A selected panel of experts is asked to distribute a given budget over the set of
indicators in such a way that spending more on an indicator implies that they want to stress its importance.
In general, the BA method has four phases [10]. First, the experts have to be selected. It is important to gather experts with a
wide spectrum of knowledge and experience. Second, each expert

Table 1
Data set.
Country

Alc/drugs

Speed

Protective systems

DRL

Vehicle

Roads

Austria
Belgium
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Italy
Netherlands
Poland
Portugal
Slovenia
Spain
Sweden
Switzerland
United Kingdom

0.450
0.200
0.000
0.600
0.900
0.700
0.900
0.250
0.550
0.050
0.750
0.500
0.100
0.650
0.900
0.325
0.400
0.150
1.000
0.325
0.800

0.675 (2)
0.475 (4)
0.125 (3)
0.950 (1)
0.475 (7)
0.000 (6)
0.800 (3)
0.800 (4)
0.225 (7)
0.050 (5)
0.225 (5)
1.000 (1)
0.325 (5)
0.475 (6)
0.675 (2)
0.325 (5)
0.800 (4)
0.600 (2)
0.475 (2)
0.125 (7)
0.900 (1)

0.350 (7)
0.150 (7)
0.425 (1)
0.100 (6)
0.550 (6)
0.300 (3)
0.800 (4)
1.000 (1)
0.950 (1)
0.000 (7)
0.050 (7)
0.600 (3)
0.225 (6)
0.675 (2)
0.225 (5)
0.750 (2)
0.500 (5)
0.675 (1)
0.850 (1)
0.425 (5)
0.900 (2)

0.875 (1)
0.475 (5)
0.100 (4)
0.475 (4)
0.875 (2)
0.875 (1)
0.875 (2)
0.475 (6)
0.475 (6)
0.100 (4)
0.475 (3)
0.100 (7)
0.475 (3)
0.100 (7)
0.475 (3)
0.475 (3)
0.875 (3)
0.475 (4)
0.875 (4)
0.475 (2)
0.100 (7)

0.400
0.850
0.000
0.100
0.700
0.050
0.350
0.550
0.600
0.250
0.200
1.000
0.450
0.650
0.150
0.300
0.950
0.500
0.750
0.800
0.900

0.500
1.000
0.300
0.600
0.650
0.250
0.000
0.850
0.800
0.200
0.725
0.375
0.550
0.950
0.375
0.150
0.900
0.100
0.050
0.725
0.450

(4)
(6)
(6)
(2)
(1)
(2)
(1)
(7)
(5)
(6)
(1)
(4)
(7)
(4)
(1)
(4)
(7)
(6)
(6)
(6)
(4)

(5)
(2)
(7)
(7)
(3)
(5)
(5)
(5)
(4)
(2)
(6)
(2)
(4)
(5)
(6)
(6)
(1)
(3)
(3)
(4)
(3)

Tr mngm
(3)
(1)
(2)
(3)
(4)
(4)
(7)
(3)
(3)
(3)
(2)
(5)
(1)
(1)
(4)
(7)
(2)
(7)
(7)
(3)
(5)

0.375 (6)
0.675 (3)
0.100 (5)
0.275 (5)
0.600 (5)
0.000 (7)
0.175 (6)
0.900 (2)
0.950 (2)
0.850 (1)
0.450 (4)
0.175 (6)
0.550 (2)
0.675 (3)
0.050 (7)
0.800 (1)
0.500 (6)
0.275 (5)
0.750 (5)
1.000 (1)
0.375 (6)
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allocates the predetermined budget of N points to the indicators. In
a third step, weights are calculated from these ﬁgures. More specifically, the share of budget allocated to an indicator equals its
weight. The fourth step is an optional one in which the procedure
is iterated until convergence is reached.
3.2. Expert weights
The method used for determining the seven indicator weights is
budget allocation. On the one hand, BA is a simple and often used
weighting method in the context of indexes (see e.g., [11]); on the
other hand, some aspects need to be taken into account. First, the
selection of experts is crucial and should be well-considered. It is
possible that the results are biased if experts assign a high weight
to the indicator on which their country performs well. In this research, experts familiar with the causes and risk factors of road
safety were selected. Moreover, as they originated from various
countries an international view on the contribution of each risk factor to road safety could be obtained. Secondly, the method may not
measure the importance of a speciﬁc indicator but the need for
political intervention in that dimension [10]. Finally, the maximum
number of indicators to distribute the budget over, is limited to ten,
enabling the experts to keep an overview [7]. The set of expert
weights corresponding to the indicators of alcohol/drugs, speed,
protective systems, daytime running lights, vehicle, roads and trauma management is [0.23; 0.31; 0.13; 0.04; 0.07; 0.11; 0.11]. It appears that the experts stress the behavioural aspects speed and
alcohol/drugs whereas the daytime running lights factor received
the least weight. In the next section, the aggregation of indicators
is explained.
3.3. Aggregation concepts
Apart from assessing indicator weights, the aggregation of the
indicators needs to be decided on. Aggregation refers to the process
of combining values in a single score such that the ﬁnal result takes
all individual values into account in a speciﬁc way. Aggregation is a
very extensive research ﬁeld in which numerous types of aggregation functions or operators exist. They are all characterized by certain mathematical properties and aggregate in a different manner.
In general, aggregation operators can be roughly divided into three
classes [12]: conjunctive, disjunctive and averaging operators. We
focus on the class of averaging operators that results in an aggregated score bounded by the lowest and highest indicator values.
In other words, an index with scores lying between zero and one
is constructed. Within the class of averaging operators, several
aggregation operators can be considered. Apart from the wellknown and simple weighted mean operators, we focus on ordered
weighted averaging (OWA) operators introduced by Yager [13].
They have become very popular within the fuzzy sets community
and have some useful properties for the road safety index case.
An OWA operator of an n-dimension is a mapping indicated as
F:Rn ! R that has an associated n vector W = [w1,w2, . . . ,wn]T such
P
P
wi ¼ 1. Furthermore, Fða1 ; . . . ; an Þ ¼
wj bj
that wi 2 [0, 1] and
th
with bj the j largest of the ai. In other words, the aggregation of
n indicator values results from multiplying the values sorted in a
non-increasing order with the OWA weighting vector and summing these factors.
There are a number of ways to obtain an OWA vector of which
linguistic quantiﬁers [14] is a very common one. Decision makers
state a linguistic quantiﬁer Q (e.g., many) which offers a fuzzy
description of the portion of criteria required to be met by a good
solution. If Q is a regular increasing monotonic quantiﬁer the OWA
weights can be obtained as follows [12]: wi = Q(i/n)  Q((i  1)/n)
for i = 1, . . . ,n with most commonly Q(r) = ra with a P 0. In case
of seven indicators these formulas result in: w1 = [1/7]a; w2 = [2/

7]a  [1/7]a; w3 = [3/7]a  [2/7]a; w4 = [4/7]a  [3/7]a; w5 = [5/
7]a  [4/7]a; w6 = [6/7]a  [5/7]a;w7 = [7/7]a  [6/7]a.
Ordered weighted averaging operators are promising for the
road safety context. Very common aggregation operators such as
the arithmetic mean operator (W = [1/n, 1/n,. . .,1/n]T or a = 1) are
in fact special cases of the OWA operator. In addition, by means
of linguistic quantiﬁers the attitude of experts or decision makers
can be taken into account. For each value of a a different weighting
vector is obtained. In the next section, the selection of a and the
resulting OWA vector is discussed.
3.4. Ordered weighted averaging operators
From a panel discussion the following principles regarding
aggregation were gathered:
(A) In case a country scores badly on more than a few indicators,
its index score should be small.
(B) In case a country scores badly on a few indicators, its index
score should be between small and average.
Based on these guidelines an upper and lower limit can be
found for a. The ﬁrst step is to give a speciﬁc meaning to the concepts ‘badly’ (with respect to indicator performance), ‘a few’ (with
respect to the number of indicators) and ‘small’ and ‘average’ (with
respect to the index score). The performance with respect to an
indicator will be classiﬁed as ‘good’, ‘average’ or ‘bad’ [15]. Here,
score 1 is assigned to good; score 0.5 to average and score 0 to a
bad performance. Next, ‘a few’ indicators on a total of seven corresponds to two. Finally, the classiﬁcation of index scores occurs by
dividing the possible interval [0, 1] into categories. A ‘small’ index
score is 0.25 at most, an ‘average’ index score corresponds to 0.5
whereas a ‘large’ index score is at least 0.75. Having assigned a
meaning to all concepts in the linguistic formulations, the next
step is to translate it numerically (using the formulas in Section
3.3).
(A) F a ð1; 1; 1; 1; 0; 0; 0Þ 6 0:25 ()
 aw1
þw2 þ w3 þ w4 6 0:25 () 47 6 0:25 () a P 2:477.
(B) 0:25 < F a ð1; 1; 1; 1; 0:5; 0; 0Þ < 0:5 () 0:25 < w
a1 þ w2 þ
a
w3 þ w4 þ 0:5w5 < 0:5 () 0:25 < 47 þ 0:5 57  0:5
4a
< 0:5 () 1:580 < a < 3:235.
7
Taking both formulations into account it can be seen that a
should be in the interval [2.477; 3.235[ to obtain an acceptable
aggregation. Next, a ﬁnal OWA vector is obtained by selecting
one value for a (i.e., 2.5; 2.6; 2.7; 2.8; 2.9; 3.0; 3.1; or 3.2). Therefore,
each of the eight possible values is used to create a weighting vector. By multiplying the ordered indicator values with the OWA vector, index scores are obtained even as a ranking of the 21 countries.
We select the a value which produces the strongest relationship
with the ranking based on the number of road fatalities per million
inhabitants. The result is an a equal to 2.5 and an OWA vector of
(0.01; 0.03; 0.08; 0.13; 0.18; 0.25; 0.32).
4. Results
In this research, 21 countries are ranked with respect to their
road safety risk performance. In particular, an index is constructed
by combining seven indicators according to a speciﬁc weighting
and aggregation method. The methodological process underlying
the creation of three possible countries’ rankings is visualised in
Fig. 1. The main issue is the assignment of weights. The expert
weights on the one hand and the OWA weighting vector on the
other hand relate to different aspects. The importance of an indica-
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Table 2
Countries’ rankings based on index scores.

a. Collecting and processing indicator data
Table 1

Country

Index ranking
1 (expert
weights)

Index ranking
2 (OWA
vector)

Index ranking 3
(expert weights &
OWA vector)

Austria
Belgium
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Ireland
Italy
Netherlands
Poland
Portugal
Slovenia
Spain
Sweden
Switzerland
United Kingdom

12
13
21
10
5
19
6
2
9
20
16
7
18
8
11
15
4
17
3
14
1

8
10
21
16
1
19
11
3
5
20
17
12
14
6
18
13
2
15
4
9
7

8
10
21
16
2
19
11
4
6
20
15
14
13
3
17
12
1
18
5
9
7

b. Selecting a weighting method
Budget allocation:
- selecting experts
- allocating budget
- calculating weights
(- reach convergence)

Equal weighting:
each indicator is considered
equally important and is
assigned the same weight

c. Selecting an aggregation operator
OWA operator:
- panel discussion
- translating linguistic guidelines
into boundaries for α
- selecting the best α

Arithmetic mean operator:
high and low scores
contribute equally to the
index and are assigned the
same weight

d. Computing index scores for the 21 countries based on the indicator values and the weights
e. Assigning rank numbers based on the index scores
Table 2:

index ranking 1

index ranking 2

index ranking 3

Fig. 1. Methodological process for creating countries’ rankings based on road safety
risk performance.

tor can be assumed equally or obtained by means of experts’ opinions. In this case, the ﬁrst weight is associated with the indicator of
alcohol and drugs. A distinction between good (high) and bad (low)
scores is made by incorporating a particular OWA vector. The
aggregation policy presented in linguistic statements can be taken
into account. The ﬁrst weight in the OWA vector is linked to the
best indicator (with the highest value) in that case.
The ﬁrst ranking corresponds to an index in which the seven
indicators are combined using expert weights (Section 3.2). By
multiplying the alcohol value of a particular country with the alcohol weight (0.23), the speed value with the speed weight (0.31) and
so on, the index score of a country can be obtained by summing
these values. Furthermore, with respect to aggregation, the arithmetic mean operator (an OWA vector with a = 1) is applied for this
index. The second ranking relates to an index created by multiplying the ordered indicator values with the best OWA vector (a = 2.5)
(Section 3.4). The index score of a country (e.g., Austria) results
from the sum of the product of its best indicator value (0.875) with
the ﬁrst OWA weight (0.01) and the product of its second best indicator value (0.675) with the second OWA weight (0.03) and so on.
Furthermore, this index assumes that each indicator has a similar
importance and equal weights rather than expert weights are applied. The third ranking integrates both ideas: an index in which
the seven indicator values are combined using the set of expert
weights (to stress the importance of the alcohol/drugs and speed
indicator) and the OWA vector (to guarantee a different emphasizing of good and bad performances). The index scores result again
from the sum of the product of the seven indicator values and their
weights. However, the speed value of Denmark for example highly
contributes to its index score because experts indicate speed as the
most important indicator of the seven (0.31); moreover, because
speed is the worst performance (7) of Denmark, the highest OWA
weight (0.32) is assigned to it. All rankings are presented in Table
2.
A quantitative assessment can be made by computing the degree of correlation between each ranking and the ranking based
on the number of road fatalities per million inhabitants. The Spearman’s correlation coefﬁcient with respect to the three index rankings is 0.63, respectively 0.70 and 0.67. It can be concluded that
there exists a high degree of harmony between the rankings.
Rather than only considering the correlation coefﬁcient, the idea

of creating an index in which several risk indicators are combined
using a sound and appropriate methodology should be the most
important aim. Therefore, the more qualitatively oriented conclusion is that the third ranking is the most valuable one as it takes
all available information into account: the behavioural risk indicators speed and alcohol/drugs as well as the bad performances of
each country are stressed. Moreover, the worst performances of
the countries at the top of this ranking have relatively good indicator values.
5. Conclusions
By comparing relevant risk indicators across countries insight is
gained into the good and bad road safety performances of each
country. Given the multidimensionality and complexity of road
safety, various indicators can be selected. At the European level,
alcohol and drugs, speed, protective systems, daytime running
lights, vehicle, roads and trauma management are considered to
be the main risk factors. Each factor is to be represented by at least
one quantiﬁable indicator. However, combining essential road
safety risk indicators in a composite index offers an overall view
on road safety risk performance. Based on the index scores countries can be ranked and the evolution in risk can be monitored.
Moreover, the underlying indicators offer information on which action to take.
However, the creation of an index requires careful thought.
Valuable insight is only obtained in case the index has been constructed well. Essential aspects of the index methodology are the
assignment of weights to each indicator and the way of aggregating the indicators. Those two topics were studied here with respect
to the combination of seven main risk indicators. First, a group of
experts was asked to distribute a budget over the seven risk factors. This budget allocation method revealed the importance given
to speed and alcohol/drugs. Secondly, ordered weighted averaging
operators were discussed. These aggregation operators are valuable for this case as the linguistic formulation of the aggregation
idea of the index can be taken into account by the OWA vector.
The results showed that bad performances should be emphasized.
To construct an index using a sound and appropriate methodology this paper showed that both ideas of weights based on expert
knowledge and ordered weighted averaging operators based on
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linguistic formulations can be integrated. The resulting ranking of
the 21 countries based on the index scores (index ranking 3) appeared to have a clear link with the common ranking using the
number of road fatalities per million inhabitants. In addition, the
behavioural risk indicators speed and alcohol/drugs as well as
the bad performances were assigned a relatively higher weight
thereby reﬂecting the weighting and aggregation idea of experts
and decision makers.
The methodological aspects involved in the index construction
process can be further elaborated. Other techniques such as fuzzy
preference relations and multi-criteria decision making are
planned for our future research on this topic.
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