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ARTICLE INFO ABSTRACT
Keywords: Driver behavior is a key determinant of road safety. Risky behaviors can be measured and
Star rating quantified using traditional and modern methods, which enables the assessment of the driver’s
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behavior. Following lessons from safety science, it is important to analyse and manage risks
factors to optimize interventions in the transport context at the territory. The main objective of
the paper is to explore the star rating of the driver’s behavior to provide credible road safety
monitoring and identification of the factors that most contribute to risky driving behaviors. The
Data Envelopment Analysis method for selection of most significant factors is used for star rating
of driver’s behavior. The subject of the analysis encompasses 18 factors for 27 police adminis-
tration units (PAUs) in the Republic of Serbia. The results are analysed regarding the following
aspects: 1) star rating of driver’s behavior and 2) defining the stages of the periodic factors
monitoring for each PAU analysed. Using a mobile phone while driving, not using child restraints
system, alcohol drunk driving during the night and seat belt use at rear seats of passenger vehicles
were identified as the most significant factors associated with risky driving behaviors. Monitoring
a broader set of factors helps to identify the strengths and weaknesses of a territory’s road safety
system. Star rating of driver’s behavior as a tool intended for decision-makers ensures monitoring,
management, the exchange of evidence-based and customized best practices and defining earlier
goal-oriented actions to manage driver’s behavior and to prevent risky driving.

1. Introduction

Globally, road traffic crashes cause nearly 1.3 million preventable deaths and an estimated 50 million injuries each year — making it
the leading killer of children and young people worldwide (World Health Organization, 2022). Globally, road traffic crashes are the
leading cause of death among children and young people aged 5-29 (World Health Organization, 2018). However, 20,678 people lost
their lives on EU roads and around five more suffer serious injuries with life-changing consequences in 2022 (Carson et al., 2023). This
is an unacceptable and unnecessary human and social price to pay for mobility. Moreover, progress in reducing road fatality rates EU-

* Corresponding author.
E-mail addresses: milan.te.sicm@gmail.com (M. Tesi¢), suzana.miladictesic@sf.ues.rs.ba (S. Miladi¢-Tesic), katfolla@central.ntua.gr (K. Folla),
geyannis@central.ntua.gr (G. Yannis), o.oviedotrespalacios@tudelft.nl (O. Oviedo-Trespalacios).

https://doi.org/10.1016/j.trf.2023.07.011

Received 13 February 2023; Received in revised form 19 June 2023; Accepted 17 July 2023
Available online 26 July 2023

1369-8478/© 2023 Elsevier Ltd. All rights reserved.


mailto:milan.te.sicm@gmail.com
mailto:suzana.miladictesic@sf.ues.rs.ba
mailto:katfolla@central.ntua.gr
mailto:geyannis@central.ntua.gr
mailto:o.oviedotrespalacios@tudelft.nl
www.sciencedirect.com/science/journal/13698478
https://www.elsevier.com/locate/trf
https://doi.org/10.1016/j.trf.2023.07.011
https://doi.org/10.1016/j.trf.2023.07.011
http://crossmark.crossref.org/dialog/?doi=10.1016/j.trf.2023.07.011&domain=pdf
https://doi.org/10.1016/j.trf.2023.07.011

M. Tesic et al. Transportation Research Part F: Psychology and Behaviour 97 (2023) 214-230

wide has stagnated in recent years, excluding the year 2020, which was influenced by the COVID-19 pandemic. The development of
road safety performance indicators has accelerated in the last decade. Efforts have been put in establishing similarities (and differ-
ences) among different countries worldwide. Today, modern methods of road safety comparisons encompass a multitude of factors
(and consequently a multitude of indicators) while tending to reduce all those indicators to the same scale and allocate them as the
most accurate weights possible to represent the specific features of the compared area. Depending on the purpose, the phase of
selecting the representative road safety indicators on a territory should start from the analysis of all categories (levels) of indicators
from the Koornstra et al. (2002) pyramid. The pyramid identifies four levels of (top-down) indicators, as follows: final outcomes (e.g.,
deaths per 100.000 inhabitants); intermediate outcomes (safety performance indicators); policy performance indicators (safety
measures and programmes) and background performance indicators (structure and culture, i.e., road user’s attitudes). Over the last
couple of years, efforts have been made to identify correlations between certain “pyramid” levels, i.e., their influence on the final road
safety assessment rate (Papadimitriou & Yannis, 2013). Given the variety of road safety indicators, it is necessary to identify the most
important (significant) ones, providing a simple, yet realistic understanding of a road situation in a territory. Additionally, this can
contribute to optimize the benefit of resources that are available for the implementation of road safety measures.

To better understand and identify road safety problems in its member-states, the European Commission (EC) continues with its
efforts in improving road safety by defining the list of Key Performance Indicators (KPIs) within the EU Road Safety Policy Framework
2021-2030 (European Commission, 2019). The standardization of indicators from the point of view of defining and collecting them has
been enabled in that way, helping decision-makers at all levels to monitor the progress towards achieving the ,,Vision Zero” by 2050.
For all of these KPIs, the EC has defined a general methodological consideration applicable to all the indicators (see https://baseline.
vias.be/). An overview of the availability gathered from 32 PIN countries (European Transport Safety Council, 2021) and IRTAD Road
Safety Annual Report 2020 (OECD/ITF, 2020), shows that there is still a way to go in terms of developing and collecting some of these
KPIs. Most countries collect and analyze data related to safety belts (93.8 %), speed (87.5 %), alcohol (87.5 %), protective equipment
(84.4 %), distraction (84.4 %) and vehicle safety (56.3 %). Only a few countries follow the KPIs related to infrastructure (34.4 %) and
post-crash response (37.5 %). Half of these indicators are directly related to road user’s behavior.

The core of the road safety problem lies in in-depth accident investigation studies, which provide a more complete picture of the
real accident causes. The link between individual areas of the road safety system shows pivotal interaction between the vehicle, road
and human behavior. “Human behavior factors™ are the most accident contributing factors (93 %), while the second place is “road” (34
%) and “vehicle” (13 %), (PIARC, 2003). In accordance with these results, road user behavior is a key aspect of road safety and plays an
important role in creating a clean, safe, and automated mobility ecosystem. The high-risk drivers and other road users are more likely
to be involved in road crashes (Watson & Austin, 2021; Nguyen-Phuoc et al., 2020; Sheykhfard and Haghighi, 2020, 2019; Oviedo-
Trespalacios & Scott-Parker, 2018; Scott-Parker & Oviedo-Trespalacios, 2017; etc.) and their behavior can be associated with a
wide range of contributory factors, such as: alcohol-impaired driving, speeding (or driving above the speed limit), mobile phone use
while driving, unfastened seat belt, etc.

Over the last years, digital technologies have been transforming the economy and society, affecting all sectors of activity, especially
those of transport and mobility. Most of contributory factors can be measured and quantified using traditional (field or psychosocial
research (Haghani et al., 2021, 2022)) and contemporary methods (unmanned aerial vehicle (Outay et al., 2020), data from automated
vehicles and vehicle-to-everything communication-V2X (Khakzar et al., 2021; Ghosal & Conti, 2020; Kopelias et al., 2020; etc.), which
enables the assessment of the driver’s behavior and road safety performance level at the territory as well as to improve both road safety
and efficiency by reducing the human driver variability in performance (Rahman and Abdel-Aty, 2021; Haque et al., 2021). Therefore,
the automated process of KPIs data collection, accompanied by advanced smart solutions in urban areas, smart in-car solutions, etc. is
expected in the near future.

Identifying road safety levels for cross-territory comparisons has attracted a lot of attention over recent years. The literature review
has shown great efforts of the authors who tried to define the methodology for the assessment of the road safety level on a territory,
including a wide range of indicators. The evolution of the idea of a road safety level assessment rate on territory has been transformed
into two phases. Phase 1 encompasses the authors who made the calculations for the composite index based on indicators for only one
layer (Jameel & Evdorides, 2021; Pires et al., 2020; Tesic et al., 2018; Bax et al., 2012; Shen et al., 2011; Hermans, 2009; Al-Haji, 2007
and etc.). Phase 2 gathers together the authors who calculated their composite index based on indicators of various layers (Babaee,
2022; Babaee et al., 2021; Chen et al., 2022, 2016; Hermans et al., 2010; Gitelman et al., 2010; Wegman and Oppe (2010); Wegman
et al., 2008, 2005; etc.). The studies that have been conducted so far helped make the comparison of territories, define earlier goal-
oriented road safety actions, and identify the best-in-class practices. The authors of these studies suggested creating a composite
road safety index using the most appropriate indicators. This is not so simple because indicator-related data at international and
national databases are not always available, and their definitions differ significantly. However, a composite road safety index obtained
based on a broader comprehensive set of indicators provides a more accurate identification of good and poor road safety points for the
territories concerned.

To assess the road safety level at the territory, the assessment, evaluation, and comparison of road safety factors related to vehicles
and infrastructure have been performed using the Star Ratings Calculation Methodology. This methodology has been widely used
nowadays in several transportation sectors, including 1) vehicle: New Car Assessment Programmes, i.e., GlobalNCAP, EuroNCAP, etc.
and Green New Car Assessment Programmes; 2) road: Road Assessment Programme, i.e., iRAP, EuroRAP, etc. In order to improve road
safety globally, star rating of the vehicle’s safety features, or high-risk roads is carried out. In contrast, it was difficult to monitor and
evaluate human behavior as the most important factor in road safety. Currently projects offering comparisons of territories using
specific safety performance indicators, stand out the following: Building the European Road Safety Observatory (SafetyNET project), Road
Safety Data, Collection, Transfer and Analysis (DaCoTA project), ETSC Road Safety Performance Index (PIN program), Baseline project,
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Trendline project, etc.

Applying the Star Ratings Methodology provides excellent promise for in-depth analysis and comprehension of human behavior
with the goal of preventing risky driving. This is complicated because of the large number of risky behaviors that a driver can engage
when driving and the difficulty studying these risky behaviors on the roads. However, a wide range of contributory factors can be
combined in the star rating process. Given the variety of road safety factors, it is necessary to identify the most important (significant)
ones, providing a simple, yet realistic understanding of the road situation in a territory. The star rating of driver’s behavior enables
identification of the territories where drivers behave less/more safely, and the credible cross-territory comparison according to driver’s
behavior. From the practical point of view, the star rating as a tool in the hands of decision-makers enables the exchange of best-
performing practices between territories that have contributed to improving factors associated with risky driving behaviors and
allocation of limited resources. This is of particular importance for the territories having limited resources for road safety investments,
such as low and middle-income countries.

The main objective of the paper is to explore a star rating (SR) based on driver’s behavior to provide credible road safety monitoring
and identification of the factors that most contribute to road safety. The methodology will be used to compare and deeply analyzed
driver’s behavior in the 27 police administration units (PAUs) in the Republic of Serbia. The remaining part of this manuscript is
structured as follows: description of the methodology including data collection and selection of factors, weighting and aggregation
concepts and procedure for calculation of the star rating is given in Section 2. The results of the star rating, correlative analysis, and
stages of the periodic monitoring of the factors in police administration units are discussed in Section 3. Section 4 is reserved for
discussion of the most important results. The future perspectives of road safety performance indicators ecosystem and star rating of
driver’s behavior are presented in Section 5. The manuscript closes with the conclusions and topics for further research and limitations.

2. Methodology

The star rating of driver’s behavior was developed using the upgraded methodology for developing a composite road safety per-
formance index with the limited number of indicators for cross-territory (smaller territory) comparisons, developed by Tesic (2018).
The upgrade of the methodology lies in its universality in the following three directions: 1) spatial: it is possible to include a larger
number of countries, regions, etc. (territories) by adding appropriate data; 2) temporal: it is possible to span more years (time period),
and 3) quantitative: it is possible to include a larger number of or more specific indicators. The upgraded methodology (star rating
methodology) enables the star rating of driver’s behavior at the smaller territory and identification of the factors that most contribute
to risky driving behaviors. The following are descriptions of the three main components of this methodology: collection and selection
of factors, weighting and data aggregation and procedure for calculation of the star rating of driver’s behavior.

2.1. Collection and selection of factors

The subject of the analysis includes 18 safety performance indicators/factors for 27 PAUSs, related to the driver’s behavior that
contributes to the occurrence and severe injuries of road accidents. The measurement of safety performance indicators in the Republic
of Serbia is carried out in accordance with the methodological requirements defined in the EU Baseline project (see https://baseline.

Table 1
Spearman’s correlation coefficient among factors associated with risky driving behaviors and output indicators.
Code Safety performance indicators-factors PRWNC TRWNC PR TR
Injured Injured

% of seat belt use by drivers of PV* in U" —0.104 -0.116 —-0.215 —0.265
% of seat belt use by drivers of PV (U and R)" -0.107 -0.110 -0.219 —0.256
% of seat belt use at FRONT seats in PV (U) —0.292* —0.315* —0.319* —0.321**
% of seat belt use at FRONT seats in PV (R) —0.259 —0.280* —0.275* —0.303*

1 % of seat belt use at FRONT seats in PV (U and R) —0.288* —0.334* —0.304* —0.311*

2 % of seat belt use at REAR seats in PV (U and R) -0.378 —0.413* —0.347 -0.391

3 % of drivers under the influence of alcohol-day (U and R) 0.273 0.143 0.486* 0.398*

4 % of drivers under the influence of alcohol-night (U and R) 0.290 0.192 0.620%* 0.524*

5 % of drivers using mobile phone while driving (U and R) 0.224 0.123 0.426* 0.338*
Average speed of PV in U 0.342* 0.278* 0.254 0.186
85th percentile of speed of PV in U 0.291* 0.232 0.265 0.208
Standard speed deviation of PV in R —0.397** —0.305* —0.387** —0.221

6 % of drivers exceeding the speed limit in U 0.363** 0.293* 0.240 0.156
% of drivers exceeding the speed limit by 10 km/h in U 0.320* 0.275* 0.303* 0.195
% of use of daytime running lamps by drivers of PV (U and R) —0.115 —0.146 —0.263* —0.245

7 % of children using child restraints up to 3 years old (U and R) —0.325* —0.424* —0.374* —0.281*

8 % of children using child restraints from 4 to 12 years old (U and R) —0.248* —0.324* —0.314* —0.301*
% of children using child restraints up to 12 years old (U and R) —0.146* —0.227* —0.212* —0.288*

*Correlation is significant at the level of 0.05 (1-tailed).
**Correlation is significant at the level of 0.01 (1-tailed).
@ PV - passenger vehicle.
b Urban area (U), Rural area (R).
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vias.be/en/about-the-project/) as well as national, science-based methodology for measuring and monitoring safety performance
indicators, adopted in 2013, and revised in 2017, by the Road Traffic Safety Agency of the Republic of Serbia (RTSA). However, in
order to analyze and star rating driver’s behavior, available indicators that exclusively refer to driver behavior were used, while in-
dicators related to vehicle safety, infrastructure safety and post-crash response were excluded from further analysis. Data have been
taken from the open database of the RTSA (available at the link: https://www.abs.gov.rs/gis-baza) and data for each factor chosen to
belong to the period [2016-2020], respectively, time-series data of five years. All data are taken from the afore-mentioned database as
an *xlIsx file. Data were analyzed and compared, and quality control was performed. The incomplete data were analyzed separately and
supplemented from the data owner.

The following indicators have been used as output (final) indicators:1) Public risk based on the weighted number of casualties (fatal
and non-fatal injuries) per 10,000 inhabitants (abbr. PRWNC); 2) Traffic risk based on the weighted number of casualties per 10,000
vehicles (abbr. TRWNC); 3) Public risk based on the number of the injured per 10,000 inhabitants (abbr. PR_Injured); 4) Traffic risk
based on the number of the injured, per 10,000 vehicles (abbr. TR_Injured). The PRWNC and TRWNC are based on the type of con-
sequences of road accidents weighted by corresponding coefficients, depending on the level of injuries. The weighting of output in-
dicators is done according to Kukic et al., 2013. The following weights have been used in this analysis: 1) Fatality — weight 85; 2)
Seriously injured — weight 10; 3) Slightly injured — weight 1. Factors used for the star rating of the driver’s behavior have been chosen
on the basis of the correlation coefficient value, i.e., the factor having the highest correlation coefficient with any of the 4 output (final)
indicators has been chosen for further analysis (Table 1).

Analyzing time-series data of only five years, the results have shown that only eight factors (coded from 1 to 8) have a linear
dependence on a minimum of one direct indicator whose correlation coefficient is bigger than 0.300 at p = 0.05, which are shown in
Table 1, Column 1. The strength of the linear dependence varies among these eight factors and is ranging from r = 0.324 to r = 0.620,
which is a characteristic of a “weak” and “mean” correlation strength (according to Pallant, 2011 classification). This correlation
strength is expected because only time-series data of five years were analyzed. If the data set were to be extended for a longer period of
time (i.e., ten years), then a higher degree of correlation strength is to be expected. One has to consider that the selection of factors for
further analysis, within one risk domain, has been made by identifying the factor which is more comprehensive — wise (union of a few
subsets-derived factors), and/or is in a significant correlation with minimum of one selected final outcome. For example, for the
“speed” domain, there are three factors identified as having a significant correlation with a minimum of one selected final outcome.
Their significance and influence on the occurrence of road crashes is stressed in the national methodology. It is important to note that
the national methodology separately defines factors related to speeding and speeding up to 10 km/h, in urban and rural areas.
Likewise, the methodology has foreseen monitoring of individual factors that concern the seat belt use by drivers, by passengers sitting
in front seats, passengers sitting in rear seats, and the use of children seats. Furthermore, during the selection of factors, it was taken
into account whether the factor was directly measured in the field. For example, the factor “% of drivers exceeding the speed limit in U”
is more comprehensive because it was directly measured in the field and represents the union of two subsets such as: factor “% of
drivers exceeding the speed limit by 10 km/h in U”, and the derived factor “85th percentile of speed”. Further, they are more precise
and have a greater impact on the final outcomes (road accidents).

Measurements of the selected factors were performed once per year. Only factor “% of drivers using mobile phone while driving (U
and R)” was not measured in 2018 in the Republic of Serbia. Using interpolation, the value for 2018 was obtained and it was used for
further analysis. The re-scaling data for each of the eight factors for the 27 PAUs (27 PAUs x 5 time periods = 135) are described by
means of the summary statistics (Table 2). Various normalization techniques exist (Nardo et al., 2005). Rescaling method, as a one of
the various normalization techniques, has been used to normalize the factors data, based on the results of Hermans, 2009. The dif-
ference between each raw value and the factor minimum has been divided by the range of the factor. Consequently, the worst or lowest
factor value is transformed into zero while the best or highest factor value obtains a rescaled score of one. All factors belong to the same
scale and are reduced to the same basis. In other words, a factor’s high (respectively low) value means more (or less) road casualties.
Within that context, the direction of the factors F_3, F_4, F_5 and F_6 have been changed (Table 2, i.e., actual measured minimal value
of the factor “% of drivers under the influence of alcohol-day (U and R)” on the field is 1.5 %, while after the change of direction, the
factor value is 98.5 %; actual measured minimal value of the factor “% of drivers using mobile phone while driving (U and R)” is 7.22
%, while after the change of direction, the factor value is 92.78 %, etc.).

Table 2

Summary statistics on the re-scaling data.
F 1 2 3 4 5 6 7 8
# of cases 135 135 135 135 135 135 135 135
Mean 80.17 14.09 99.59 99.05 96.56 50.82 59.98 40.18
Median 81.36 13.80 99.60 99.10 96.69 45.80 61.70 36.57
Mode 77.80 10.60 100.00 100.00 97.47 46.50 74.68 42.83
Std. Deviation 7.76 7.38 0.30 0.49 1.42 21.94 11.02 16.28
Variance 60.25 54.46 0.09 0.24 2.01 481.43 121.42 264.92
Skewness —0.40 1.16 —0.98 —0.34 —0.22 0.59 —0.84 0.33
Minimum 59.54 1.54 98.50 97.69 92.78 8.30 25.43 5.15
Maximum 97.90 48.71 100.00 100.00 99.33 93.40 80.95 75.61
Percentiles 25 74.00 8.91 99.40 98.78 95.58 36.00 53.89 30.07

75 86.40 18.79 99.80 99.36 97.47 66.20 67.92 52.42
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The table shows the values concerning the central tendency and distribution. As for the factor of the protective system, it can be
seen that on average in the 27 PAUs, there is a seat belt wearing rate in the front seats of cars and vans of 80.17 %. Moreover, the most
frequent value in the data set is 77.80 %, while the median equals 81.36 %. A variance of 60.25 or a standard deviation of 7.76 implies
a considerable variability of protective systems data. Further, there is a significant change in the values of chosen factors among the
PAUSs. The values of factors related to the: protective system (F_1 and F_2); drivers exceeding the speed limit (F_6) and child restraints
use (F_7 and F_8) fluctuate the most. The following factor whose value fluctuates significantly is the , percentage of drivers exceeding
the speed limit in urban areas”, (minimum: 8.30, maximum: 93.40). Factors relating to “alcohol” and “mobile phone” have the lowest
variations in values.

2.2. Weighting and data aggregation

After the selection of the set of factors has been completed, making a selection of a weight allocation method seems to be the most
important factor. According to Hermans et al., 2008, the results show that the Data Envelopment Analysis (DEA) method best ap-
proaches the ranking of final outcomes based on the number of road fatalities per million inhabitants. The Data Envelopment Analysis,
originally developed by Charnes et al. (1978), is a non-parametric mathematical optimization technique used to assess the relative
efficiency of a homogeneous set of decision-making units (DMUs), on the basis of multiple inputs and multiple outputs. The degree of
other DMUs’ inefficiency can be measured on the basis of their distance from the frontier. For each territory, there can be obtained a
star rating score between zero and one, with higher values indicating better relative performance. For more information on this
technique, we refer to Cooper et al. (2004) and Charnes et al. (1994).

The Ordered Weighted Averaging (OWA) operators are used as an expert method for data aggregation. This method is introduced
by Yager (1988) and represents one of the most useful aggregation operators for the star rating because it enables road safety
stakeholders to agree on the linguistic formulation to use this aggregation method. This provides a higher degree of acceptability of
results obtained, which opens the door to the identification of the factors that most contribute to risky driving behaviors and the
definition of the earlier goal-oriented road safety actions. For an OWA weighting vector, the degree of orness is defined as shown in Eq.
(1) (Hermans, 2009). A common aggregation operator includes maximum, minimum and arithmetic mean. The weighting vector of
these operators is given as: 1) max: w = (1,0,. 0) considering only the best performance; 2) min: W = (0, .., 0, 1), considering only the
worst performance, and 3) arlthmetlc mean: W = (1/n,1/n..,1/n), considering each performance equally. In other words, w; reflects
the importance of the I indicator. One of the methods for obtaining relevant OWA weights is the “orness” concept. The degree of
orness is an important numerical characteristic of averaging aggregation functions. The degree of orness corresponds to the degree of
optimism of a decision maker, by defining the boundary of acceptable (safe) or unacceptable (unsafe) driver’s behavior. More
specially, the decision maker states the linguistic quantifier Q which offers a fuzzy description of the portion of criteria required to be
met by a good solution.

—1

/
orness(w) *%Z 1—i)w; *% 1 (170" @

i=1 i

W = Q(;) 7Q<i; 1) fori=1,-,1

In terms of road safety, a represents the degree to which the occurrence of road fatalities depends on the magnitude of the eight
factors (listed in Table 1). The value of a that is larger (smaller) than one implies that the worst (best) performances affect the outcome
indicators more and therefore low (high) factor values are emphasized. For the propose of linguistic formulation, the online panel
discussion was organized, which included 17 road safety experts with more than 15 years of experience, from national universities and
representatives from the RTSA. A national perspective on the contribution of each risk domain to road safety was obtained as the
experts originated from different regions of the Republic of Serbia. However, if one wants to avoid compensation between good and
bad scores, this method is the most useful aggregation operator for the star rating case because it enables the experts/decision makers/
stakeholders at the national level to agree on the linguistic formulation for the purpose of this aggregation method. This also provides a
higher degree of acceptability of the results obtained, which opens the door to the definition of the earlier goal-oriented actions.
Linguistic formulations have been defined using the following principles: 1) In case a PAU scores badly on more than a few factors
(minimum of three or 40 % of the total number of factors), its final star rating score should be small; and 2) In case a PAU scores badly
on a few factors (a maximum of three or 40 % of the total number of factors), its final star rating score should be between small and
average. The linguistic formulation of the threshold between safe and unsafe behavior represents at the same time a limitation of this
analysis. This limitation is most pronounced in low- and medium-developed countries, because the threshold between safe and unsafe
behavior depends on the level of dedication, knowledge, road safety culture of decision-makers, etc.

The first step in transforming the guidelines into restrictions for « is to give a specific meaning to the concepts ‘badly’ (with respect
to factor) ‘a few’ (with respect to the number of factors), ‘small’ and ‘average’ (with respect to the star rating). As for the performance,
it will be classified as ‘good’, ‘average’ or ‘bad’, depending on specific factors. Here, score 1 is assigned to good; score 0.5 to average
and score 0 to bad performances. A ‘small’ index score is 0.25 at the most, an ‘average’ index score corresponds to 0.5 whereas a ‘large’
index score is at least 0.75. Therefore, based on (Eq. (1) and linguistic formulations, it was calculated that a should range in the interval
[2.00; 2.950] in order to aggregate the eight factors in a way that is acceptable for the experts. The orness value in the interval [0.223;
0.313] is obtained by inserting the limit values of a in (Eq. (1). The result is the value of a equal to 2.0 and the OWA vector of (0.02;
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0.05; 0.08; 0.11; 0.14; 0.17; 0.20; 0.23). The (Eq. (2) represents the algebraic model used to compute the star rating score for a police
administration unitj G =1..., n):

1
max
RSPI, = w ;rijw{/ 2)

Subject to:

1
> =1
i=1

1 _
0223 < — ;(17 1)wy < 0.313

L, < mWmi
<

SUy;w; 20

i=1TiiWij

with 1 = number of factors; = ordered value; r = rescaled value; w = weight; m = {% of seat belt use at FRONT seats in PV (U and
R); % seat belt use at REAR seats in PV (U and R); % of drivers under the influence of alcohol-day (U and R); % of drivers under the
influence of alcohol-night (U and R); % of drivers using a mobile phone while driving; % of drivers exceeding the speed limit in U; % of
children using child restraints up to 3 years old (U and R); % of children using child restraints from 4 to 12 years old (U and R)}; L =
lower limit; U = upper limit.

The share of each of the eight factors in the overall star rating score is restricted by a lower and upper limit, for each factor. The
limits have been defined using the budget allocation method, which included 17 road safety experts (Table 3). According to the DEA
model presented, the average value of the two highest weights assigned by experts is used as the upper limit. The lower limit is ob-
tained analogously.

The weights obtained by calculating the star rating score are used for the identification of the factors that most contribute to risky
driving behaviors for this study since the programme could not find a feasible solution. The reason for that is the reduction in the space
for searching an optimum solution based on three or four indicators. The additive aggregation method has been used in these cases,
which helps obtain the value of the product of the allocated weight and the normalized value of indicator (defined by Eq. (2) without
the software retrieval of the possible solution. The mentioned aggregation method has been used following the recommendations of
Nardo et al., 2005 and those of Pesi¢, 2012, who made a test in which the linear aggregation method, based on pre-defined criteria,
scored the best result. A system of “factor combinations” with three, four and five factors has been designed. The formula (Eq. (3)
serves to determine the total number of factor combinations for the identification 3, 4, and 5 most significant factors associated with
risky driving behaviors per PAUs:

n_ (1Y) _ n! n(n—1)e(n—k+1)
= (k> CK(n—k) k- (k—1)-1 ; n2k20, (n,k) €N 3)

Based on the previous equations: 1) the star rating with the limited number of factors (SRﬁl) is calculated for 56 combinations; 2) the
value of SR}, is calculated for 70 combinations, and 3) the value of SR, is calculated for 56 combinations.

2.3. Procedures
The star rating of the driver’s behavior methodology is calculated based on the following steps:

e Step_1: A previously made Excel sheet with the values of the eight factors is imported into the programme. The correlation analysis
has been made possible using the IBM SPSS v.20 programme;

e Step_2: The overall star rating is calculated for all 27 PAUs. The system of combinations, optimization method and calculation of
the star rating have been developed using the IBM CPLEX programme;

e Step_3: The system of “factor combinations” has been created accordingly, along with the calculation of values of SR3,, SR, and
SR

e Step_4: A correlation analysis helped determine the correlation level between the SR and SRiy;

e Step_5: Based on the SR correlation coefficients, the 3, 4 and 5 most significant factors associated with risky driving behaviors have
been identified;

e Step_6: The values of SR}, SR}, and SR{, have been calculated for each PAU and

Table 3

Lower and upper limits for the share of each factor in the overall input.
Code 1 2 3 4 5 6 7 8
Upper limit 0.1200 0.1125 0.0625 0.1175 0.0900 0.0700 0.1175 0.0250
Lower limit 0.2500 0.2150 0.1900 0.1900 0.1550 0.2000 0.2100 0.1550
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e Step_7: Ranking of PAUs and defining the factors monitoring phases has been also made.

Following the previous steps, a list has been made containing the most significant factors associated with risky driving behaviors
per PAUs that should be regularly monitored and combined into a high-quality star rating score. In order to better understand and

interpret the results, the following definitions have been created for this study:

e PAU is an organizational unit of the Directorate of the Police of the Republic of Serbia outside the headquarters, which performs

road safety tasks within its jurisdiction in a certain territory.

e Star rating with the limited number of factors (abbr. SRJ,) is a weighted combination of a limited number of factors,
e Star rating with the limited number (three/four/five) of factors (abbr. SR?,/SR{t/SRi,) is a combination of a limited number of

three/four/five factors and

e The most significant factors associated with risky driving behaviors are a set of indicators which, when calculating the star rating
with the limited number of factors (SR},), results in the largest correlation with the overall star rating (SR) in only one police

administration unit.

Finally, the methodology for star rating of driver’s behavior is a tool, intended for researchers and decision makers, that enables the
exchange of best-performing practices between territories that have contributed to improving factors associated with risky driving
behaviors, allocation of limited resources intended for the improvement of road safety, define earlier goal-oriented road safety actions
(preventive and enforcement activities aimed at drivers) for more monitoring and management of the driver’s behavior, identify the

Table 4

Overall Star Rating results.

Overall Star Rating results

2016 2017 2018 2019 2020
PAUs SR PAU SR PAU SR PAU SR PAU SR
Zajecar 0.500 Zajecar 0.689 Pancevo 0.542 Zajecar 0.553 Pirot 0.639
Prokuplje 0.495 Pirot 0.590 Belgrade 0.526 Sombor 0.549 Zajecar 0.627
Novi Sad 0.443 Cacak 0.515 Zajecar 0.520 Prokuplje 0.513 Pancevo 0.567
Belgrade 0.417 Subotica 0.496 Uzice 0.517 Subotica 0.504 Sr. Mitrovica (.512
Nis 0.413 Kikinda 0.491 Subotica 0.513 Pirot 0.502 Leskovac 0.486
Leskovac 0.403 Sombor 0.471 Prokuplje 0.473 Bor 0.502 Krusevac 0.473
Pancevo 0.400 Uzice 0.467 Jagodina 0.463 Jagodina 0.467 Belgrade 0.472
Catak 0.399 Pancevo 0.443 Zrenjanin 0.458 Kikinda 0.462 Prijepolje 0.465
Pozarevac 0.398 Pozarevac 0.438 Valjevo 0.456 Krusevac 0.432 Kragujevac 0.462
Jagodina 0394 Novi Sad 0.429 Vranje 0.451 Belgrade 0.428 Kikinda 0.458
Sombor 0.392 Krusevac 0.427 Kikinda 0.449 Vranje 0.428 Prokuplje 0.444
Kikinda 0.386 Kragujevac 0.416 Kragujevac 0.441 Novi Sad 0.421 Smederevo 0.442
Prijepolje 0.375 Bor 0411 Leskovac 0.419 Smederevo 0.390 Pozarevac 0.440
Subotica 0.365 Leskovac 0.410 Smederevo 0.414 Pozarevac 0.378 Uzice 0.437
Krusevac 0.358 Belgrade 0.404 Novi Sad 0.400 Leskovac 0.376 Zrenjanin 0.404
Sabac 0355 Sabac 0.384 Sr.Mitrovica = (0394 Panéevo 0374 Sabac 0.403
Vranje 0.350 Valjevo 0.382 Krusevac 0363 Cacak 0367 Cacak 0.379
Pirot 0.344 Sr. Mitrovica | 0.357 Pozarevac 0.330 Sr. Mitrovica | 0.344 Novi Sad 0.372
Zrenjanin 0.331 Kraljevo 0.349 Prijepolje - Kragujevac 0.334 Valjevo 0.341
Kraljevo 0.329 Smederevo - Kraljevo - Valjevo 0.325 Subotica 0.331

Sr. Mitrovica

Nis

Kragujevac
Novi Pazar

Smederevo
Valjevo

0.000
0.000

0.000
0.000

Zrenjanin

Novi Pazar Prijepolje Vranje

Nis Uzice Sombor
Pirot Zrenjanin Kraljevo
Bor Kraljevo Jagodina
Sabac Ni§ Ni§

Cagak Sabac Bor
Sombor Novi Pazar Novi Pazar
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critical factors leading to road accidents, cross-territory comparison and strengthen the proactive road safety management at the
territory (both at the international and national level). This is of particular importance for the territories having limited resources for
road safety investments, such as low and middle-income countries.

3. Results

Along with the star rating of the driver’s behavior, this paper identifies the most significant factors associated with risky driving
behaviors for 27 police administration units in Serbia. The most significant factors are based on the correlation strength between the
overall star rating scores and SR}, ensuring monitoring and exchange of evidence-based and customized best practice guidelines as
well as defining earlier goal-oriented road safety actions to manage driver’s behavior and to prevent risky driving.

3.1. Star rating of the driver’s behavior

The star rating assessment of the driver’s behavior is performed for each year and the whole examined period. Depending on the
overall star rating scores (Table 4), the PAUs have been assigned stars using the following principle: 1) 5-star (green) PAUs whose value
is above 0.750 and where territory drivers behave most safely while driving; 2) 4-star (yellow) PAUs whose value is between 0.500 and
0.749; 3) 3-star (orange) PAUs whose value is between 0.313 and 0.499; 4) 2-star (red) PAUs whose value is between 0.156 and 0.312
and 3) 1-star (black) PAUs whose value is below 0.155 and where territory drivers behave most unsafely while driving. Based on
linguistic formulation, calculation in Eq. (2) as well as experts’ assessment, the boundary between safe (orange, yellow and green) and
unsafe (red and black) driver’s behavior was obtained (0.313).

It could be noticed that there is no 5-star PAUs for the observed five time periods (Table 4). A 4-star PAUs can be perceived in 2016-
Zajecar (0.500); in 2017-Zajecar (0.689), Pirot (0.590) and Cacak (0.515); in 2018-Panéevo (0.542), Belgrade (0.526), Zajecar (0.520),
Uzice (0.517) and Subotica (0.513); in 2019-Zajecar (0.553), Sombor (0.549), Prokuplje (0.513), Subotica (0.504), Pirot (0.502) and
Bor (0.502); in 2020-Pirot (0.639), Zajecar (0.627), Pancevo (0.567) and Sremska Mitrovica (0.512). All other PAUs have a lower value
of the overall star rating score when observing all time periods. As it can be seen, 2017 accounts for a successful year in terms of road
safety as certain PAUs have achieved a high level of overall star rating score (0.689) of driver’s behavior. The larger the number of
factors used for the calculation of star rating, the higher the matching rate of these values is. There are PAUs among the surveyed ones
whose rank is stable throughout all time periods, i.e., it does not change significantly. Some of them include the following ones:
Zajecar, Kikinda, Nis, Kraljevo, etc., while some PAUs changed their position (rank) by one or more places (Pirot, Jagodina, Belgrade,
Pozarevac, Novi Sad, Cacak, Novi Pazar, etc.). The remaining PAUs have been found to have a significant rank deviation and
consequently, their positions have changed (by five or more places), for example, Prokuplje, Bor, Valjevo, etc. The biggest differences
in the ranking have been found at the PAU of Nis (between 5th (2016) and 21st (2017)) PAU of Prokuplje (between 2nd (2016) and
26th (2017) place), PAU of Bor (between 6th (2019) and 26th (2020) place), PAU of Valjevo (between 26th (2016), 17th (2017) and
9th (2018) place), etc. The reason for such fluctuations in the rank of the PAU of Nis in 2016 and 2017 are the oscillations in the value
of individual factors. For example, the PAU of Nis accounted for the increase in indicator’s value of “3. % of drivers under the influence
of alcohol-day in urban and rural areas” by 0.62 % and indicator “4. % of drivers under the influence of alcohol-night in urban and rural
areas” by 0.57 %, while the indicators: “5. % of drivers exceeding the speed limit in urban area” accounted for a drop in the value of
indicator from 64.00 % to 48.10 %. Unlike the PAUs that are characterized by significant fluctuations, there have been identified PAUs
having the minimum standard rank deviation, such as PAU of Novi Pazar, which “preserved” its last positions (from 21 to 27)
throughout all the analyzed time periods.

As shown in Table 5, no PAUs have been awarded 5 stars, and only several of PAUs were awarded 4 stars for the road safety level of
their driver’s behavior during all time periods. The results show that 3-star PAUs are most represented, observing all analyzed time
periods. The largest number of 3-star PAUs was in 2016 (77.78 %), 2017 (59.26 %), 2018 (48.15 %), 2019 (51.85 %) and 2020 (59.26
%). Further, a large number of PAUs were assigned one or two stars. For example, in 2020, 11.11 % of PAUs were assigned 2-stars while
14.81 % PAUSs gained only 1-star, and these are the most unsafe PAUs where drivers behave most risky (unsafe). Generally, the overall
star rating scores, as a consequence of the rank of a large number of PAUs, fluctuates during the analyzed time periods, which is shown
in Fig. 1.

The application of Spearman’s correlation analysis has contributed to investigate the dependence among the overall star rating
scores and SRf,, during the all-time periods for the entire territory of the Republic of Serbia (27 PAUs x 5 time periods = 135 item).

Table 5

Share of n-star PAUs.
Star rating 2016 2017 2018 2019 2020

No. of PAU % No. of PAU % No. of PAU % No. of PAU % No. of PAU %

5-star PAUs 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
4-star PAUs 1 3.70 3 11.11 5 18.52 6 22.22 4 14.81
3-star PAUs 21 77.78 16 59.26 13 48.15 14 51.85 16 59.26
2-star PAUs 1 3.70 4 14.81 3 11.11 4 14.81 3 11.11
1-star PAUs 4 14.81 4 14.81 6 22.22 3 11.11 4 14.81
Total 27 100.00 27 100.00 27 100.00 27 100.00 27 100.00
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These results are shown in Table 6. Column 1 contains combinations of factors marked by F codes, sorted by the value of the correlation
coefficient in Column 2. Based on the guidelines for interpreting the correlations (Pallant, 2011), it is possible to conclude that, amongst
the values of the star rating with the limited number of factors (SR%), all the combinations with three factors have strong correlations
(r > 0.564, r* > 0.318, p = 0.01). The following are the most significant factors: “% of drivers using a mobile phone while driving in
urban and rural areas”; “% of children using child restraints up to 3 years old in urban and rural areas” and “% of children using child
restraints from 4 to 12 years old in urban and rural areas”, (abbr.: 5_7_8). They offer the strongest linear dependence with the overall
star rating score (r = 0.907, = 0.823, p = 0.01).

Looking at the results of Spearman’s correlation analysis shown in Table 6, all values of the r correlation coefficient are greater than
0.564 (for SRﬁ,) or 0.691 (for SRﬁ,) or 0.757 (for SRlsn). The effect size for correlation is created by squaring the r values. According to
the Cohen (1992, 1988) the effect size is small if the value of r varies around 0.1, medium if r varies around 0.3, and large if r varies
more than 0.5. Based on that, all r values and therefore the values of r* (coefficient of determination) in Table 6 are greater than 0.5 (i.
e., rvalue for SR_57 85 0.907 (r> = 0.823); SR 457 8, r = 0.925 (r> = 0.856) and SR 24 57 8, r = 0.941 (r* = 0.886)). The large effect
size means that a study finding has practical significance. Hence, the Spearman rho showed a significant strong association between
overall star rating scores, and the star rating obtained based on three, four or five of the most significant factors (SRy).

When observing Column 3 and 4, it can be noticed that all factor combinations offer a high correlation of the values of SR, and the
overall star rating (r > 0.691, r2 > 0.478, p = 0.01 for all combinations). Compared with the previous three most significant factors, the
list of the four most significant factors has been broadened with the factor ,,% of drivers under the influence of alcohol during the night
(in urban and rural areas)”, (abbr.: 4.5_7_8). The correlation coefficient of these factors is r = 0.925, P = 0.856, p = 001. Finally,

2017 2018
STAR RATING OF DRIVER’S BEHAVIOR STAR RATING OF DRIVER’S BEHAVIOR STAR RATING OF DRIVER'S BEHAVIOR

Kosovor

I ok ok
0500100749 Yrriesy
031310049 Yri¥r

ETIEE *%
T * 15t ravs

2020

2019
STAR RATING OF DRIVER’S BEHAVIOR STAR RATING OF DRIVER’S BEHAVIOR

PAUPANGEVO
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I ok 5 I kkok §
0.500100.749  Yryriryr 050010 0.749 Yrirvrdr 4
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Fig. 1. Star rating of the driver’s behavior, for 2016-2020, per year.
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Table 6
The most significant factors based on Spearman’s rho correlation coefficient with overall star rating scores, for the period 2016-2020.
No of comb. Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
SR}, Rank based on r values SR Rank based on r values SRE, Rank based on r values
(F code) (F code) (F code)
1. SR578 0.907* SR4578 0.925* SR24578 0.941*
2. SR678 0.899* SR4678 0.924* SR24678 0.936*
3. SR478 0.894* SR5678 0.918* SR34678 0.935*
4. SR568 0.884* SR2478 0.906* SR45678 0.934*
5. SR468 0.879* SR3678 0.906* SR35678 0.926*
54. SR125 0.652* SR1356 0.786* SR23456 0.798*
55. SR134 0.628* SR1256 0.785* SR12348 0.797*
56. SR123 0.564* SR1346 0.781* SR12345 0.757*
68. SR1345 0.714*
69. SR1235 0.693*
70. SR1234 0.691*

* Correlation is significant at the 0.01 level (1-tailed).

Column 5 and 6 contain the rank of values of SR{, with the overall star rating. The correlation coefficient of five factor combinations is
very high (r > 0.757, > 0.573), which is somehow expected. As above, the list of the five most significant factors has been broadened
with the factors “% seat belt use at REAR seats of passenger vehicles in urban and rural areas”, (abbr.: 2.4 5_7_8), where r = 0.941, =
0.886, p = 001 (almost a complete matching of values of SR}, with the overall star rating).

No matter which time period is observed, and which combination of factors is used for the star rating, the linear dependence
strength of the values of SR, and the overall star rating scores belongs to the category of “strong positive relations”. A high degree of
matching of PAUs based on the values for the overall star rating and star rating with the three/four/five most significant factors is
expressed through the values of the correlation coefficients in all time periods (Table 7). High correlation values range from r = 0.713,
= 0.508, p = 001 in 2016 to r = 0.972, 2= 0.945, p = 001 in 2018.

The Wilcoxon Signed Ranks Test (Table 8) shows that there is no statistically significant change (the value of Asymp. Sig. (2-tailed)
is higher than 0.05 in all cases) among the ranks of PAUs and the star rating with a limited number of factors have proved reliable for
the national cross-territory comparisons, and for defining timely measures for the improvement of a road safety situation.

The results presented show that there is a strong linear dependence between the values of the overall star rating and SR, and that
the applied methodology for star rating of driver’s behavior provides a reliable and credible national cross-territory comparison. Also,
a strong, positive linear dependence of the ranks of PAUs, ranked according to various factors combinations, confirms the reliability of
the methodology applied.

3.2. Identification of the most significant factors associated with risky driving behaviors per PAUs

Large correlations identified between the calculated overall star rating and star rating with a limited number of factors associated
with risky driving behaviors show that it is possible to describe the road safety level of driver’s behavior and compare the PAUS,
reliably. The matching of PAU’ rankings in the function of a change of factors included in the star rating is considerable. Apart from
factor selection contributing most to the reliability, comparability, credibility, and sensitivity of a star rating, change in factors’ values
over time (through several time periods) influences significantly the sensitivity of the star rating. One of the essential problems that can
lead to changes in star rating’ scores within a specific time period, i.e., over several time periods, is the lack of a periodical, clearly
defined and sustainable national measuring system. Therefore, decision-makers have no possibility to precisely define their priorities.
As a consequence, the measures undertaken may not be sufficiently effective.

Table 7
Correlation analysis between the overall star rating and star rating with the most significant factors in the time period.
2016 SR{,: 268 SR:2678 SR{,: 24678
Spearman’s rho SR Correlation Coefficient 0.713** 0.718** 0.756%*
2017 SRi: 368 SR:2368 SRi,:23468
Spearman’s rho SR Correlation Coefficient 0.961%** 0.964** 0.965%*
2018 SR{y: 678 SRi: 4678 SRi,: 14678
Spearman’s rho SR Correlation Coefficient 0.969%* 0.970%* 0.972%*
2019 SRi: 23678
Spearman’s rho SR Correlation Coefficient 0.966%*
2020 SRi: 678 SR::3678 SRi,: 34678
Spearman’s rho SR Correlation Coefficient 0.942%* 0.949** 0.970**
Sig. (1-tailed) 0 0 0
N 27 27 27

** Correlation is significant at the level of 0.01 (1-tailed).
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TWaill)clsxin Signed Ranks Test of the rankings in the period 2016-2020 (in total, five time periods).

Wilcoxon Signed Ranks Test Statistics The most significant factors
SR3: 57 8-SR SRiy: 457 8-SR SRj:24578-SR
2016-2020 zZ —.433° —.385" —.056"
Asymp. Sig. (2-tailed) 0.665 0.700 0.955

@ Based on positive ranks.
b Based on negative ranks.

Table 9

The most significant factors per PAUs.

SRw* SRui* SRw®

Police administration Three the most significant R value 4t factor (% R value 5™ factor (% R value
unit factors (% of SR score) of SR score) of SR score)
Belgrade 3 0.995 4(63.73) 0.996
Kragujevac 6 0980 3(59.46)  0.992
Jagodina 3 (27.75) 0.980 4 (38.58) 0.984 5 (53.66) 0.981
Ni§ 4 (40.32) 0.984 3 (50.59) 0.990 6 (57.52) 0.996
Pirot 1.000 3(42.28 1.000 5(56.21) 1.000
Prokuplje 3 (29.75) 0.973 0.978 5(57.31 0.967
Leskovac 4(30.63)  0.99 0.998
Vranje 5(39.02) 0.996 0.997 4 (61.68) 1.000
Zajecar 3 0.937 0.951 0.983
Bor 3(32.99) 0.995 4 (48.73) 0.995 5 (60.60) 0.997
Smederevo 3 6 0.938 5(53.51) 0.960 0.970
Pozarevac . S 6 (37.10 0.988 0.998
Valjevo 4 0.990 5(50.93) 0.997 6 (64.11) 0.989
Sabac 5 6 0.997 4 (47.67) 0.995 3 (57.60) 0.997
Kraljevo 5 6 0996  3(6241)  0.998
Krugevac - 6 0.979 4 (50.38 0.979 3 (62.99) 0.991
Catak - BE 0994  5(63.77) 0990
Novi Pazar 3(51.48 0.993 4 (68.51 0.998 5(87.39) 0.997
Uzice 36 0999  4(62.55)  1.000
Prijepolje - 3 6 (40.56) 0.995 0.997 4(58.22) 0.997
Novi Sad 4 5 §4240) 0973 0.989
Zrenjanin 6 0.995 5 (49.85 0.999 0.998
Kikinda 4 6(34.72 0.996 1.000
Pantevo 5 0.994
Sombor 4 (35.53) 0.808 5 (42.30) 0.864 0.957
Subotica 4 0.990 5(51.92) 0.999 0.995
Sremska Mitrovica 4 5 0.991 3 (63.27) 0.991 6 (80.02) 0.998

% of seat belt use at FRONT seats in PV (U and R)

% seat belt use at REAR seats in PV (U and R)

% of drivers under the influence of alcohol- day (U and R)

% of drivers under the influence of alcohol- night (U and R)

% of drivers using mobile phone while driving (U and R)

SN EN

% of drivers exceeding the speed limit in U

% of children using child restraints up to 3 years old (U and R)
% of children using child restraints from 4 to 12 years old (U and R)
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The influence of these factors differs from one territory to another. This means that the lists of the most significant factors in each
PAUs differ significantly, and so does the share of various most contributing combinations of factors in the overall star rating score of
each PAU. Based on the results of Spearman’s correlation analysis, the most significant factors were identified. Table 9 gives an
overview of the most significant factors and shows a visual display of a representation of specific factors among the most significant
combination of factors per PAUs. For example, the most significant factors associated with risky driving behaviors in the PAU of
Belgrade are: % of seat belt use at REAR seats in passenger vehicles (in urban and rural areas); % of drivers under the influence of
alcohol during the day (in urban and rural areas) and % of children using child restraints from 4 to 12 years old (in urban and rural
areas). They give the SR13n the value of 2_3_8 = 0.142. This value represents 31.61 % of the value of the overall star rating obtained
based on all eight factors for all time periods. This value is obtained as the mean value of the star rating with a limited number of factors
for all time periods. With the increase in the number of factors used for the calculation, the share of the SRY; is increasing in the overall
star rating score. The first next factor yielding the highest value of the star rating score (PAU of Belgrade), as part of a combination, is
the ,,% of seat belt use at FRONT seats in passenger vehicles (in urban and rural areas)” (SRt 1.2 3 8 = 0.210, while the share in the
value of the overall star rating amounts to 46.81 %). Finally, the factor ,,% of drivers under the influence of alcohol the night (in urban
and rural areas)” makes a combination of factors that gives the closest value of the SRi:1.2.3.4 8 =0.287 (representing 63.73 % of the
overall star rating score for the PAU of Belgrade). Similar analysis can be made for all analyzed police administration units, with the
exception of those police administration units having the overall star rating score of 0 (these PAU performed worst in the optimization
test).

The results show that there is a strong linear dependence between the overall star rating scores and values of SR, and that the
applied methodology for star rating driver’s behavior provides a reliable and credible national cross-territory comparison. When
observing Column “r value”, it can be noticed that all factor combinations offer a high correlation of the values of SR[;, and the overall
star rating per PAU (r > 0.808, > 0.653, p = 0.01 for all combinations of three factors; r > 0.951, > 0.904, p = 0.01 for all
combinations of four factors; and r > 0.957, r? > 0.912, p = 0.01 for all combinations of five factors). Furthermore, the results have
shown that it is possible to identify the factors closely associated with risky driving behaviors for each police administration unit and
define the stages of the periodical monitoring of the factors. The stages are defined based on the most significant factors. In the first
stage, PAU should monitor the first three most significant factor (i.e., Belgrade should monitor factors 2, 3 and 8), then in the second
stage, PAU should monitor next, fourth factors (i.e., Belgrade should monitor factor 1), and in the third stage, PAU should monitor fifth
factor (i.e., Belgrade should monitor factor 4). Observing the results for all PAUs (Table 9), can be concluded that the most frequent
factors in the first stage are “% of seat belt use at FRONT seats in PV (U and R)” which was identified in 11 PAUs, then “% seat belt use
at REAR seats in PV (U and R)”, and “% of children using child restraints up to 3 years old (U and R)”, which was identified in 8 PAUs. In
the second stage, factors that appear in the five PAUs are “% of drivers under the influence of alcohol-night (U and R)” and “% of
drivers using mobile phone while driving (U and R)”. Finally, factor “% of drivers using mobile phone while driving (U and R)” needs to
be monitored in the third stage even at 6 PAU. In addition, one of the factors contributing to the variety of the most significant
combinations of factors are the fluctuations in indicator values, both of time periods and police administration units.

4. Discussion
4.1. Star rating of driver’s behavior at the national level

The star rating at the national level has been made using factors that are linearly dependent on a minimum of one output indicator.
The results have shown that only eight factors have a linear dependence on a minimum of one output indicator. The results shows that
the PAUs differ significantly from the point of view of driver’s behavior (Fig. 1). The Spearman’s correlation analysis of the results
obtained by calculating the star rating for various combinations of three, four and five factors and the overall star rating has helped
identify the most significant factors associated with risky driving behaviors on the Republic of Serbia. As given in Table 6 and Table 7
the correlation analysis has shown that all the combinations have a high correlation (r > .564,r?> > .318,p = .01) with the overall star
rating. Therefore, there is a high level of matching of ranks of PAUSs regardless of which combination is taken for the calculation of the
overall star rating. The greatest matching is with the values of SR, and the smallest one with the SR}, as expected since the value of the
overall star rating is more precise when the calculation comprises a larger number of factors. Table 8 shows that there is no statistically
significant change among the ranks of PAUs. Based on the above-mentioned, the star rating of driver’s behavior is a reliable and robust
tool for defining road safety (i.e., preventive and enforcement) actions to improve the driver’s behavior. Hence, the application of the
methodology (approach) and obtained results are curial for in-depth understanding driver’s behavior in low- and middle-income
countries, such as Republic of Serbia and equally important, national cross-territory comparisons. The most significant factors asso-
ciated with risky driving behaviors that have been identified in that way ensure the optimum choice of factors. The following are the
most significant factors during the all-time periods for the entire territory of the Republic of Serbia:

o Three most significant factors: “% of drivers using a mobile phone while driving in urban and rural areas”; “% of children using
child restraints up to 3 years old in urban and rural areas” and “% of children using child restraints from 4 to 12 years old”, (abbr.:
578), (r = .907,r*> .823,p = 0.01);

o The fourth, most significant factor is ,% of drivers under the influence of alcohol during the night (in urban and rural areas)”,
(abbr.: 4.5.7.8), (r = .925,r>> .856,p = 0.01); and

o The fifth most significant factor is “% seat belt use at REAR seats of passenger vehicles in urban and rural areas”, (abbr.: 2 4.5_7_8),
(r = .941, 2> 886, p = 0.01).

225



M. Tesic et al. Transportation Research Part F: Psychology and Behaviour 97 (2023) 214-230

The obtained results reflect the road safety state in the Republic of Serbia. In the period from 2016 to 2020, the percentage of child
road deaths who died as passengers among the total number of child road deaths in the Republic of Serbia ranged from 41.7% to 70 %,
respectively, and the percentage of injured children as passengers ranged from 27 % up to 32.1 %. Furthermore, the share of drivers
killed who were under the influence of alcohol in the total number of dead drivers in road accidents ranged from 11.7 % to 17.7 %. At
the safety performance indicators level in the Republic of Serbia, the percentage of children using child restraints up to 3 years old
ranged from 39.1 % to 69.2 %, while the percentage of children using child restraints from 4 to 12 years old ranged from 39.1 % to
69.2 %, which is very low compared to developed countries. Further, the value of the factor related to the seat belt use at rear seats in
the passenger vehicle is significantly low and ranged from 10.1 % to 20.6 %, while the factor related to alcohol-impaired driving
ranged from 0.80 % to 1.06 % and mobile phone use while driving ranged from 3.5 % to 5.6 %.These road safety data show that the star
rating gives precise results that enable decision makers to act reliably and invest in improving road safety in territory under their
jurisdiction.

From the practical point of view, the star rating of driver’s behavior as a tool in the hands of the decision-maker enables them to
guide preventive and enforcement activities according to the identified most significant factors. Based on the obtained results, road
safety stakeholders in the Republic of Serbia should direct their activities towards the above-mentioned factors. It is necessary to carry
out preventive activities (various campaigns on social networks, education, peer education among young people, etc.) which indicate
the risk of using a mobile phone while driving, the risk of driving under the influence of alcohol, and the importance of seat belts as a
passive element of road safety. The results, on the other hand, make it possible to choose a PAU quickly and precisely, directing actions
in accordance with the road type (urban or rural roads or motorways) and the time of day (day or night), in which the Ministry of
Interior should immediately step up its enforcement measures. Especially, if the efficiency rate of preventive and enforcement mea-
sures defined in the Safety Cube project (see https://www.roadsafety-dss.eu/#/) and Daniels et al., 2019 are considered. Namely, the
results of the project show that preventive activities/campaigns related to the seat belt use have an efficiency rate (“cost/benefit” rate)
of 42.2 (Aigner-Breuss, 2017), enforcement of seatbelt wearing for light-vehicle occupants have an efficiency rate of 17.7 (Daniels
et al., 2019), use of children’s car seats has an efficiency rate of 4.6 (Kaiser, 2017). If such road safety activities are carried out
continuously, it is possible to reduce the number of deaths by up from 8 % to 50 %, or seriously injured people by up from 8 to 45 %. By
conducting road safety activities in this way, it is possible to reduce the influence of “human behavior factors” on the occurrence of
road accidents, which leads to the final reduction of road deaths and injuries.

At the national level, the star rating results show that no PAUs have been awarded 5 stars. Additionally, 3-star PAUs were the most
common. Further, a large number of PAUs are assigned one or two stars, which is extremely concerning as it suggests a large prevalence
of risky behavior. The fact that the overall star rating scores for numerous PAUs changed throughout the course of the observation
period is an interesting finding. This variation is the result of a lack of systematic road safety management at the national level,
meaning management that is not based on science, data, and clearly defined strategic targets and objectives. Indeed, road safety
initiatives conducted during the study period did not represent the current state of road safety, highlighting the need for a better
national road safety strategy and action plan.

4.2. Identification of the most significant factors associated with risky driving behaviors per PAUs

The analysis of the comprehensive statistics of factors included in the star rating (Table 2) has shown that there is a significant
standard deviation of factor values in the observed time periods. Apart from the standard deviation, the value of variance and the
skewness has shown that there is a significant change in the value of selected factors among the observed PAUs. The statistics have also
shown that PAUs in the Republic of Serbia differ significantly from the point of risky driving behavior, i.e., “alcohol-impaired driving”,
“speeding”, “mobile phone” and “protective systems-seat belts and child restraints”. This suggests that all the PAUs have not equally
targeted risky driving behavior.

The existing variety among the PAUs provides guidance on the selection of the most significant factors that should be targeted on
each territory, considering their specific features. This is particularly important as human, material and financial resources are limited
in the territories and there is a need to optimize the number of factors. This will contribute to a more efficient road safety management
of the PAUS, allowing road safety stakeholders to engage in preventive road safety actions.

The stages of periodic monitoring to improve road safety at the PAU are defined based on identified the most significant factors. The
analysis of the results helped to observe the following PAUs, where one more factor is added in each next stage of factors monitoring.
The concept of monitoring and managing a sufficient number of the most significant factors and the addition of the next most sig-
nificant factor will help develop the periodical and sustainable system for managing factors associated with risky driving behaviors
across PAUs. Also, this concept encourages as many territories as possible to develop the periodical and sustainable system for
measuring and managing factors, as the methodology proposed provides the best efficient ratio of invested resources and obtained
results, when it comes to their managing.

Based on the previously obtained results, it is possible to identify the most significant behavioral factors associated with the safety
of drivers. The systematic monitoring of both the evolution of these behavioral factors and the road safety outcomes can contribute to
define goal-oriented road safety actions and opt for the most appropriate activities in order to prevent risky driving in each PAU.
Specifically, the results presented herein have shown that it is possible to identify a group of factors representing in a credible way the
road safety level of driver’s behavior in PAUs and provide their comparison with high precision. Therefore, the SR}; is reliable and
robust enough to enable timely defining of preventive measures for road safety system improvement and defining the factors moni-
toring phases to prevent risky driving for each PAU analyzed. Also, it enables the comparison of the largest possible number of ter-
ritories (both at the international and national level) which contributes indirectly to setting up a system of factor monitoring on these
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territories. Recording a broader comprehensive set of factors associated with risky driving behaviors helps identify the strengths and
weaknesses of a territory’s road safety system.

Analysis of the level of road safety culture, i.e., attitudes and behavior of road users is becoming more and more relevant today
(Meesmann et al., 2022; Babaee et al., 2021; etc.) The innovativeness of this approach is reflected in the in-depth assessment of
behavior (road safety culture) of a certain, specific category of road users (in this case, drivers) in a territory. Compared to the previous
analysis in Tesic et al., 2018, which analyzed 21 European countries and 6 safety performance indicators related to road, road users
and post-crash response, star rating methodology included 18 specific indicators related to driver’s behavior only, measured at smaller
organizational units (PAUs) within one country. Finally, these results confirm the universality of the original methodology developed
by Tesic, 2018, in the three directions: spatial, temporal, and quantitative.

5. Future perspectives of road safety performance indicators

The star rating of safety performance indicators (in addition to monitoring road user’s attitudes) is one of the modern approaches
having the highest potential for road safety improvement in the territory. One of the preconditions for the application of this modern
approach is the standardization of safety performance indicators from the point of view of defining and collecting. A significant step
towards the standardization of indicators at the EU level was made by the EC by defining the list of Key Performance Indicators (KPIs)
within EU Road Safety Policy Framework 2021-2030. The next, very significant, precondition that contributes to the creation of a
sustainable road safety performance indicators data ecosystem (RSPI data ecosystem) is the Baseline project (see https://baseline.vias.
be/). Through this project, the European Commission has defined a general methodological consideration applicable to all KPIs.

Road safety decision-making requires open data and standardisation. One of the biggest initiatives to promote the Open Science in
transport research is the project BE OPEN, which is funded by the EC within the H2020 project (see https://beopen-project.eu/the-
project). Within this project, Yannis et al., 2020 are emphasized the importance of collecting road safety performance indicators as
a part of the platform for global road safety data analysis. Following the development trends of open data platforms, the proposed star
rating methodology can be used as an open tool for road safety performance indicators monitoring and management making an open RSPI
data ecosystem. The star rating methodology as an open tool implies direct involvement of the EC Directorate-General for Mobility and
Transport, as a focal point for KPIs management, at the EU level. This concept provides a strong collaboration with national road safety
stakeholders which is responsible for KPIs monitoring at the national level, monitoring road safety progress, defining earlier goal-
oriented road safety actions for road safety improvement, identifying the critical factors leading to road accidents, and strength-
ening proactive road safety management. From the practical point of view, the following future challenges need to be overcome:

e All Member States need to define a comprehensive methodology for collecting and monitoring KPIs at the national level, which is
completely in line with the EC minimum methodological requirements;

¢ The national methodology should define a leading road safety stakeholder for collecting KPIs (most often it is a ministry of transport
or leading road safety agency);

o The government/leading road safety stakeholder should establish a sustainable funding source for periodic, long-term monitoring
of safety performance indicators;

e The leading road safety stakeholder should establish the mechanisms for reporting to the parliament, citizens, etc.

The limitations can occur in the semantic layer when it comes to differences in the definitions of certain indicators i.e. (different
legal requirements concerning helmet use by cyclists, applicable legal provisions relating to the maximum permitted blood alcohol
content, the definition of road safety performance indicators related to the vehicle and infrastructure). Also, the numerous limitations
that can hinder the reuse of RSPIs data are listed in Bohm et al. (2018), among which the following ones stand out: data storage,
fragmentation of data ownership, a lack of interoperability between datasets and platforms, etc.

However, automated process of RSPIs data collection by using the advanced technologies between the vehicle, infrastructure,
driver and system of Internet of Vehicles (IoV) is possible in the near future. Recent progress in the development of Artificial Intel-
ligence (AI) tools, supported by the development of cloud computing technologies and 5G mobile communication networks is a strong
driving factor for upgrading traditional Vehicular Ad-hoc Networks (VANETS) into flexible heterogeneous IoV global communication
architectures which are expected to satisfy strict communication requirements related to the networking of a wide range of entities
(vehicles, pedestrians, infrastructure equipment, personal devices, sensors, etc.) for the needs of future IoV applications. This requires
mass involvement of public decision makers, research and scientific community, vehicle manufacturers and suppliers, traffic infor-
mation service providers, etc. Such a level of coordination and participation will be necessary for the provision of the pace and the
critical mass of road safety data required for a comprehensive and in-depth analysis of road safety situation in a territory, detection of
emergence problems at an earlier stage, evaluation of road safety measures, exchange of best knowledge, etc. Under this assumption, it
is possible to generate large amounts of KPIs data, obtained from various projects, naturalistic driving studies, field operational tests,
smart cameras, advanced smart solutions in urban area, smart in-car solutions, etc. This process will enable the management of safety
performance indicators, especially management of driver’s behavior in real-time, which can lead to a reduction of harmful impacts of
traffic in the transition period. Finally, data-driven road safety management have a great potential for defining goal-oriented actions
which contribute the better identification of the road safety problem, precisely defining countermeasures and implementation of the
most effective measures.
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6. Concluding remarks

Risky driving has been constantly researched due to the consequences it has on road safety. Risk of crashing increases as conse-
quence of risky driving behaviors such as: drunk driving, over speeding, mobile phone use while driving, unfastened seat belts,
overtaking on the wrong side, using two lanes, driving through an orange light that is turning red, talking on mobile phones, changing
lanes without signaling, etc. Most of these factors can be measured and quantified using traditional and modern methods (unmanned
aerial vehicle, data from automated vehicles and vehicle-to-everything communication-V2X, etc.), which enables the assessment of the
driver’s behavior as well as road safety level at the territory.

Star rating of safety performance indicators, especially indicators related to the driver’s behavior, is a useful tool for monitoring
road safety progress, defining earlier goal-oriented road safety actions for road safety improvement, identifying the critical factors
leading to road accidents, cross-territory comparison and strengthening the proactive road safety management at the territory (both at
the international and national level). Also, a star rating serves to decision-makers to help them recognize and understand the road
safety-related problems and contributing to the practicality and resource-saving in the monitoring process.

The paper explores the star rating of the driver’s behavior in order to provide credible road safety monitoring and identification of
the factors that most contribute to risky driving behaviors at the 27 PAUSs in the Republic of Serbia. The results are analyzed regarding
the following aspects: 1) star rating of driver’s behavior at the national level and 2) defining the factors monitoring phases to prevent
risky driving for each PAU analyzed. The results have revealed that the star rating of driver’s behavior is reliable and robust enough to
enable defining preventive measures for road safety system improvement and national cross-territory comparisons, promptly. The
most significant behavioral factors associated with safety outcomes that have been identified following this approach ensure the
optimum choice of behavioral factors. In the case of the Republic of Serbia, we have identified that “alcohol”, “mobile phone” and
“protective systems-seat belts and child restraints are the key areas of concern and should be prioritized in road safety initiatives.
Comparisons of results (comparison of PAUs’ rankings) verify the robustness of the most significant factors and improve the credibility
and interpretability of the star rating with a limited number of factors. The second part of the analysis has identified the most sig-
nificant factors per PAU as well as defining the factors monitoring phases. The results presented show that there is a strong linear
dependence between the overall star rating scores and values of the star rating with a limited number of factors and that the applied
methodology for star rating driver’s behavior provides a reliable and credible national cross-territory comparison. Furthermore, the
results have shown that it is possible to identify the most contributed factors associated with risky driving behaviors for each police
administration unit and define the stages of periodical monitoring in order to manage driver’s behavior and to prevent risky driving.
With a restricted road safety budget, the territories will be able to more easily decide on/opt for investing in actions that target the
factors that most contribute to risky driving behaviors, with the goal of making more efficient expenditures in road safety
improvement.

The process of upgrading the star rating methodology should be observed through the following limitations:

Precision and reliability in selecting the factors that most contribute to risky driving behaviors increases proportionally with the
number of factors involved (a more precise list of the factors that most contribute to risky driving behaviors is obtained on the basis
of multiple factors analyzed);

Disputable quality of available data, diversity in definitions of factors (esp. factors related to the alcohol), as well as a weak
correlation dependence of input elements with final outputs. A more reliable analysis, with a higher degree of correlation with the
final outputs can be expected when analyzing data over a longer period (e.g., 10 years) or when expanding the set of data obtained
by automatic data collection;

e When it comes to the in-depth analysis of the driver’s behavior at the national level, it is important to highlight the limitation
concerning the value of factors for those time periods for which measurements have not been carried out in the field. Future
research studies should tend to use those factors that are measured twice a year, unless otherwise indicated by the national
monitoring methodology.

Further research should include star rating based on the other data sets i.e., factors related to the vulnerable road users. In that case,
the overall star rating score and identification of the most significant factors will be obtained from the larger set of factors which
ensures a more detailed analysis of contributory factors associated with risky driving behaviors. The development of the star rating for
assessing road safety performance of a territory should be a possible game-changer for systematic management (data-driven road
safety system) of road user’s behavior, especially in case of automated process of RSPIs data collection.
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