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Abstract
Several countries use best road safety practices for developing and implementing their own national road safety
strategy with their specific vision and targets. Their goal is to eliminate fatal crashes and reduce serious injuries.
A detailed action plan is then programmed as an instrument to achieve the designed strategic goals. It includes globally
a well-defined program of proposed safety measures. This program is focusing on the long-term and can be applied
over a period of 10 years or more. The absence of tools for controlling actions and monitoring road safety performance
can prevent the strategic program from reaching its objectives. Monitoring the progress and impact of implemented
actions is a very important step for evaluating whether the road strategy goals were achieved or not. It provides
feedback to road safety managers on the achievement of targets, and allows them to make necessary timely
adjustments in case of deviation. The purpose of this study is to provide a comprehensive overview of road safety
monitoring systems through a review of the literature. This will serve as a foundation for developing a data-based
framework for monitoring the success of road safety strategies implementation.
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1.Introduction

Road traffic injuries and deaths remain a major global issue. According to the World Health Organization (WHO)
Global Status Report on Road Safety 2018, the number of global road traffic deaths is unacceptably high. It reached
1.35 million fatalities in 2016. Road traffic injuries are currently estimated to be the eighth leading cause of death
globally (WHO 2018). The social and economic consequences of these accidents are considerable (Wang et al. 2013).
In the traditional road safety work, the sole responsibility of crash occurrence was put on individual road users
(Safarpour et al. 2020). However, according to many other practitioners, road safety approaches have to recognize the
full range of factors and influences that affect road safety outcomes (Peden et al. 2004). Indeed, Road safety strategies
based on safe systems began in the 1990s through programs such as Vision Zero in Sweden and Sustainable Security
in the Netherlands (Wegman et al. 2008). In these systemic approaches, road users share responsibility with system
designers, who must create a safe mobility system and encourage users safe conduct on the premise that humans are
fallible and vulnerable (Belin et al., 2012). According to the International Road Traffic and Accident Database
(IRTAD), the number of road traffic deaths fell by an average of 42% between 2000 and 2013 in 32 countries that
applied the safe systems approaches (ITF 2015). In this context, a systemic and a comprehensive approach to
improving road safety was also adopted in The Global Action Plan for Road Safety 2011–2020 (Torres et al. 2020).
Within this plan, multisectoral road safety actions for promoting road traffic safety were categorized into five pillars
as follows: Road safety management, safer roads and mobility, safer vehicles, safer road users and post-crash response.
The five pillars of the Action Plan represent a guiding instrument for countries to implement road safety strategies at
national and local levels. Governments and road safety stakeholders were invited to make use of the plan as a guiding
document. Tracking the progress for each pillar is vital in achieving the ultimate goal of reducing road traffic deaths
and injuries (Hyder et al. 2016.). A strong road safety monitoring system has then an important role to ensure that the
strategies implemented will meet the stated targets (Al-Haji 2011).
This paper proposes a review of road safety studies related to road safety monitoring systems in order to synthesize
the outcomes and identify the challenges in this field of research. The remainder of the paper is structured as follows:
Section 2 describes the research objectives and the methodology followed to perform the review. Section 3 reports
the study results. Section 4 discusses the review findings. The conclusions are given in Section 5.

2.Review methodology and objectives
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In this section, the review objectives and the followed methodology to conduct this study are presented:

2.1.Review objectives

Road safety policies are more efficient in reducing road accidents fatalities when they are science-based (Schulze and
Koßmann 2010). Much researches have emerged in this area over the last decades, due to the sharp increase in
databases availability, in both accident and behavior data, and also due to the large development of statistical tools
necessary for the analysis (Hakkert and Gitelman 2014).We were therefore motivated to analyze road safety researches
related to road safety monitoring systems in order to synthesize the outcomes and identify the challenges in this field
of research.
The main objectives of this review are:
• Providing an overview of papers carried out on road safety monitoring: year of publication, publication channel
and source, author type and geographical distribution;
• Identifying the available research categories and tools placed at the disposal of road safety monitoring;
• Classifying and categorizing the selected studies into the different road safety models used.

2.2. Review methodology

The review was conducted following the research approaches by (Snyder 2019) and (Tranfield et al. 2003), in order
to retrieve and select papers to be included in this study. The three subsections below describe the initial search and
the approach adopted to select studies and classifying them:
2.2.1.Initial search
In order to search for the candidate papers, we used Web of Sciences as a search database. We chose this digital
database since it is considered as one of the most world-leading databases (Zhu and Liu 2020).To maximize the
number of the returned relevant papers, we tried to place as few restrictions as possible on the search string. After
several tests, we selected the following search string, which returned the largest number of relevant articles: (“road
safety management” OR “road safety strategy” OR “road safety vision” OR “road safety approach” OR “road safety
system” OR “road safety plan” OR “road safety development” OR “road safety monitoring”). Then, an automated
search was performed using the search string in Web of Science database, by analyzing papers in their titles, abstracts,
and keywords. This search covered papers focusing on road safety management published between January 2000 and
July 2021. As a result, 290 candidate papers were selected in the first phase.
2.2.2.Studies selection
The main goal of the selection process is to decide which candidate papers are the most relevant to the objectives of
this review. Studies selection started by defining the inclusion and exclusion criteria’s applied on candidate papers.
Only papers written in English in research journal and conferences and dealing with road safety management were
first selected. 239 papers were retained in this phase. Afterward, these 239 papers were analyzed in order to select
among others those related to the road safety monitoring systems. A manual check based on their titles, abstract and
conclusions was then carried out to refine the selected studies relevance to the review objectives. Where further clarity
was needed, a full scan of the text was done. 36 papers were therefore selected. A data extraction was performed to
collect all relevant data from each of the 36 studies. The data collected allowed us to meet the objectives defined
above.
2.2.3.Selected studies classification
a. Overview of the selected papers
Information’s about the year of publication, publication channel, publication source, author type and geographical
distribution of each paper were collected. This data was collected in order to indicate whether there are specific sources
and publication channels having special interest to our subject, and to determine if specific efforts have been made in
a certain period or place. The author type and the geographical distribution concern the paper first author.
In order to classify our selected papers into categories, we were first inspired by the structure presented in (Petersen
et al., 2008). However, the categories were adapted to the review objectives. The selected studies are classified into
three different categories, which are: research category, contribution type and road safety models type:
b. Research category
To identify the different type of studies performed on road safety monitoring systems, we choose an existing
classification of research approaches by (Wieringa et al. 2006). When classifying the articles, we considered useful to
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include two other categories: descriptive study and review.
• Evaluation research (ER): The researchers conduct an evaluation of an implemented technique in road safety
monitoring systems;
• Solution proposal (SP): The researchers propose a new road safety monitoring technique. The solution can be
either novel or a significant extension of an existing technique;
• Experience papers (EP): The researchers report their personal experience when explaining on what and how
something has been done in road safety monitoring;
• Descriptive research (DR): The researchers analyze or describe an existing road safety monitoring system;
• Review (R): The researchers summarize the current state of understanding on road safety monitoring.
c. Contribution type
Contribution type was considered in this study. For each paper, we identified if a new or existing method, system,
metric/indicator, or analysis were used. Method refers to papers suggesting ways of doing things, metric/indicator
refers to papers suggesting ways of measuring things, analysis refers to papers contributing investigations without
constructive contributions, and system refers to papers describing or proposing a road safety monitoring model or
system.
Details of the most used technical methods in the selected studies have been provided.
d. Road Safety models type
Models are used to help understand or simply represent a road safety situation. They can take different forms, such
mathematical, visual or conceptual. Each model has its inaccuracies or weaknesses, but can still be very useful in
guiding actions (Hughes et al. 2014). Well-constructed models are best used to contribute to improving safety
efficiently and effectively. Models should be useful, structured and as simple as possible (Kjellén and Larsson
1981).We choose an existing classification of road safety models type to classify the models used in the selected
studies (Hughes et al. 2014):
1. Component model: is used to provide a structure for general safety information, components categorization may
vary (e.g., physical, organizational or activities);
2. Sequence model: is used to analyze specific types of crashes or interventions;
3. Intervention model: is used to analyze specific policy or strategy. Used for example as impact analysis or costbenefit analysis of specific interventions;
4. Mathematical model: is used for quantitative analysis of effects of specific policy or strategy. Includes many
different types like typical statistical analysis, risk or time series analysis;
5. Process model: is used to develop and prioritize countermeasures, by identifying and assessing potential risks
and causes;
6. Safety management model: is used for management assessments: organization, procedures, resourcing,
reporting;
7. System model: is used to analyze systems including effects of countermeasures, influences and consequences.

3.Road safety monitoring review results

This section presents the review results, based on the classification proposed in section 2.2.3:

3.1.Descriptive results

Figure 1. displays the number of articles published per year for the period jan2000- jul2021. We noticed that the
maximum of publications per year was reached in 2017 with 6 papers.
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Figure 1. Number of papers published per year and publication channel
80.56% of studies were published in journals, and 19,44% in conferences. Accident Analysis and Prevention is the
most frequent target of publication for journals. As for the conferences, the most frequent one is Transport Research
Arena (TRA) (Table1).
Table 1. Publication sources of the selected papers
PUBLICATION SOURCE
JOURNALS
ACCIDENT ANALYSIS AND PREVENTION
TRANSPORTATION RESEARCH RECORD
JOURNAL OF THE AUSTRALASIAN COLLEGE OF ROAD SAFETY
INTERNATIONAL JOURNAL OF SUSTAINABLE TRANSPORTATION
TRANSPORTATION RESEARCH PART A-POLICY AND PRACTICE
PROCEEDINGS OF THE INSTITUTION OF CIVIL ENGINEERS-MUNICIPAL ENGINEER
IEEE TRANSACTIONS ON HUMAN-MACHINE SYSTEMS
TRANSPORT POLICY
IATSS RESEARCH
CASE STUDIES ON TRANSPORT POLICY
ERGONOMICS
TRANSPORT REVIEWS
SAFETY SCIENCE
INTERNATIONAL JOURNAL OF DIGITAL EARTH
SPATIAL INFORMATION RESEARCH
INTERNATIONAL JOURNAL OF SYSTEM ASSURANCE ENGINEERING AND
MANAGEMENT
SUSTAINABILIT
EUROPEAN TRANSPORT RESEARCH REVIEW
INTERNATIONAL JOURNAL OF INTEGRATED ENGINEERING
KSCE JOURNAL OF CIVIL ENGINEERING
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JOURNAL OF SAFETY RESEARCH
TOTAL JOURNALS

1
29

2,78
80,56

2
1
1
1
1
1
7

5,56
2,78
2,78
2,78
2,78
2,78
19,44

CONFERENCES
Transport Research Arena (TRA)
International Conference on Urban Transport and the Environment in the 21st Century
Winter Simulation Conference
International Automatic Control Conference (CACS)
IEEE International Conference on Intelligent Transportation Engineering (ICITE)
Baltic Geodetic Congress (BGC Geomatics)
TOTAL CONFERENCES

Figure 2. illustrates the geographical distribution and the author type of the selected papers. Dispersed at 24 countries,
this distribution shows that Belgium, China and Australia are countries that contribute the most on road safety
monitoring research. 59,45% of studies were from Europe. Most papers were published by universities (80,56%).
Only 19,44% of papers was published by authors working in industry.
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Figure 2. Geographical distribution and author types
Important studies and reports relating to road safety have been frequently cited or used. We mention SUNFLOWER
project, which is a comparative study of the development of road safety in Sweden, the United Kingdom, and the
Netherlands, and the DACOTA “Data Collection, Transfer and Analysis” research project, the Global status report on
road safety established by the world health organization (WHO) and also the Road Safety Annual Report-OECD.
We also explored the articles in order to identify if a particular interest was addressed to road safety monitoring within
the framework of the five road safety pillars addressed in the Global Road Safety Decade of Action Plan Report 2011–
2020. We assume that all selected studies have been carried out on Road Safety Management. We noted that almost
1/3 of articles mentioned or focused on how intervening efforts were measured for road users, vehicles, and road
infrastructure. The fifth pillar: post-crash response was the least mentioned in the articles (Table 2.)
Table 2. Distribution of articles by road safety pillars addressed
RS pillars
PILLAR 1: Road safety management

Papers
All papers
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PILLAR 2: Safer roads and mobility

(Han and Lee 2020), (Shen et al. 2020),
(Trespalacios et al. 2015),(Behnood 2018),
(Torres et al. 2020), (Cioca and Ivascu 2017),
(Hermans et al. 2009), (Razelan et al. 2019),
(Wang and Cao 2021), (Yannis and Papadimitriou
2012)

10/36

27,8%

PILLAR 3: Safe vehicles

(Han and Lee 2020), (Lin et al. 2019), (Shen et al.
2020), (Trespalacios et al. 2015), (Behnood
2018),(You et al. 2017), (Torres et al.
2020),(Cioca and Ivascu 2017),(Hermans et al.
2009), (Yannis and Papadimitriou 2012)

10/36

27,8%

11/36

30,55%

4/36

11,11%

PILLAR 4: Safer road users

PILLAR 5: Post-crash response

(Gregoriades 2007),(Han and Lee 2020), (Shen et
al. 2020), (Pozueco et al. 2020), (Trespalacios et
al. 2015), (Behnood 2018),(Fancello et al. 2020),
(Torres et al. 2020), (Cioca and Ivascu 2017),
(Hermans et al. 2009), (Yannis and Papadimitriou
2012)
(Trespalacios et al. 2015), (Behnood 2018),
(Torres et al. 2020), (D'Elia and Newstead 2015)

3.2.Distribution of articles by research category and type of contribution

We explored the selected papers using the above-discussed classification (Table 3.). 47,2% of the selected papers were
solution proposal (SP) and had proposed new or improved existing road safety monitoring system. 33,3% of the studies
was classified as evaluation research (ER) since they evaluated or compared existing road safety monitoring
techniques without proposing new techniques. 13,9% of the selected papers was considered as description studies.
Only two papers were identified as being experienced paper and review, each representing 2,8% of the selected studies.
36,1% of studies used indicator /metric, 33,3% did a road safety monitoring system analysis, 19,4% proposed a road
safety-monitoring model or system, and 11,1% suggested a technical method applied to road safety monitoring.
Several technical methods were used, mainly the Data Envelopment Analysis (DEA) and the Principal Component
Analysis (PCA). Indeed, in road safety context, the effectiveness of applying the DEA model has been demonstrated
by several recent studies, such as (Hermans et al., 2009).
Different other methods have been used in these articles, like quasi-poisson and beta regression models, linear
programming model, Rank sum ratio RSR method, cost benefit analysis, intervention time series, deep learning tools
and some simple and fast algorithm.
Table 3. Distribution of articles by research category and type of contribution
Research category
Solution proposal

20
05

20 20
07 08
2

20 20 20
09 10 11
1
1

Indicator/metric

20 20 20 20
12 13 15 16
1 1

1

1

1

20 20 20 20
17 18 19 20
3 1 2 3
1

1

1

20
Total
21
2
17

2

47,2

8

Analysis
System

%

0
2

1

1

Method

2

Evaluation research

1

Indicator/metric
Analysis
System

1

1

1

1

1

2

1

1

1

IEOM Society International

2

6

1

3

2

2

2
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2

1
1

1
1

5
6
0

33,3
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Method

1

Descriptive research
Indicator/metric
Analysis
System

1
1

1
1

1
1

1
2

5

2

0
5
0

Experience Papers
Indicator/metric
Analysis
System

1

1

1

0
1
0

REVIEW

1

1

System

1

1

3.3. Distribution of articles by road safety models type

13,9

2,8

2,8

36

Five different types of safety models were identified in the selected studies (Table 4). Mathematical models,
component models and safety management models have been the most applied models. 33.3% of selected articles
used a mathematical model. When classifying the articles, we noticed that the majority of the others models have also
characteristics of mathematical models. The classification of publications according to these types of models was not
very obvious, since we found sometimes the characteristics of several models in one paper.
Table 4. Distribution of articles by RS models type
RS models
Mathematical
model
Component
models
Safety
management
models
Process
models
Intervention
models

Papers

Number

%

12

33,3

11

30,6

8

22,2

(Cioca and Ivascu 2017), (Razelan et al. 2019), (Wang and Cao 2021).

3

8,3

(O’Cinneide and Harrington 2007), (Carvalheira and Picado-Santos 2008).

2

5,6

(Chen et al. 2017), (Shen et al. 2013), (Haque and Haque 2018),(Gregoriades
2007), (Han and Lee 2020), (Shen et al. 2020), (You et al. 2017),((Zukowska
and Gorska-Pawliczuk 2017), (Eksler 2010), (Shen et al. 2011),(BergelHayat et al. 2013),(Erdogan 2009) .
(Allsop 2009),(Alfonsi et al. 2016),(Lin et al. 2019), (Pozueco et al.
2020),(Wegman 2016),(Fancello et al. 2020), (Loo et al. 2005), (Torres et al.
2020), (D’Elia and Newstead 2015), (Yannis and Papadimitriou 2012),
(Dessers et al. 2014).
(Papadimitriou and Yannis 2013), (Trespalacios et al. 2015), (Behnood
2018), (Hamim et al. 2021), (Aghasi 2017), (Ambros et al. 2018), (Hermans
et al. 2009), (Tešić et al. 2018).

4.Discussion

This review reveals that most studies were carried out in order to (1) develop new or improve an existing road safety
monitoring technique (SP: 47,2%), or to (2) evaluate and compare existing road safety monitoring systems (ER:
33,3%). Proposing new indicators and indexes to assess the road safety progress (36,1%) was the most used technique
in the selected articles. A system approach where all road safety components are addressed together to improve
performance was principally adopted. Some studies reminded the need of a reliable data to determine and monitor
evidence-based intervention strategies.
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4.1. Solution proposal category papers

In this category, most papers developed new ways for measuring road safety performance indicators /indexes as in
(Shen et al. 2020). For this purpose, studies used road safety collected data at regional/national level, or used available
data from several sources, including international databases, international organizations and recent publications of
international working groups as the ETSC/PIN group and the ‘DaCoTA’ research project (Papadimitriou and Yannis
2013). The Data Envelopment Analysis (DEA), which applies a mathematical optimization technique to measure the
relative efficiency of a set of decision making units (DMUs), was mainly used as a technique for evaluating the
performance of several decision making units according to several inputs and outputs, in order to help policymakers
identify the good and bad aspects of road safety decisions as in (Shen et al. 2011), (Tešić et al. 2018), and also in
(Hermans et al. 2009). Some studies presented a new way to measure road safety performance, which was to use the
technique of DEA and the Malmquist productivity index. By this way, they tried to not only focus on the evolution of
road safety final outcomes within a given period, but also take the changes of different measures of exposure in the
same period into account (Shen et al. 2013). The main objectives of the solution proposal category papers were to
predict changes in road safety resulting from safety interventions (O’Cinneide and Harrington 2007); monitor and
report road safety development at regional level to identify the areas of poor performance, potential problems and
delays (Chen et al. 2017); assist road safety leaders in reducing accident rates by providing ample time to the
authorities to react to high risk situations through a safety prediction early warning system (Gregoriades 2007). In
other papers, indicators were developed to evaluate details of road safety management system in a framework of a
pyramid made up of institutional management, intervention, intermediate outcome and final outcome (Han and Lee
2020). A brief review of the different ways to synthetize road safety performance was presented by Han and Lee, e.g
the Sunflower pyramid. The five road safety pillars were also selected as a base to measure road safety maturity index
(Trespalacios et al. 2015). Different studies were also carried out to analyze and monitor road traffic conditions. In
Lin et al. (2019), a real time traffic reporting system for determining the real time traffic condition was proposed by
using deep learning tools and some simple and fast algorithm. To support urban road safety management practitioners
in identifying roads where the need to improve safety is greater, a decision support method was proposed. Social cost
of accidents was used, for first time as reported by the authors, as the only output while the average number of conflict
points at intersection and traffic flow were used as inputs (Fancello et al. 2020). In an other paper, a first attempt as
reported by authors, to apply a Systems Theoretic Accident Model and Process (STAMP) methodology in a low
income country was developed as a control structure model (Hamim et al. 2021). An innovative approach to investigate
the inner mechanism between traffic status and crash potential based on High Definition Monitoring Systems (HDMS)
data was presented in (You et al. 2017). Spatial analysis was also adopted in some papers. Thus, Geographic
information system (GIS) based method was introduced to manage and analyze traffic accidents data. According to
the authors, GIS is the key for making the best decisions and is considered as a prioritizing tool for interpretation and
spatial analysis of variety set of the databases (Aghasi 2017). A proactive safety measure called Road Environment
Assessment Program (REAP) has been developed to help evaluating the environment risk factors of a road, calculating
the risk index and presented also the results through Google Earth platform. The authors estimate that REAP is a timesaving and cost-saving tool as it can directly recognize problematic road environment factors while planning on the
best and suitable road improvement procedures for problematic sections (Razelan et al. 2019).

4.2. Evaluation research category papers

In evaluation research papers, the main objective was to analyze and evaluate road safety system. An assessment
framework was sometimes defined as in (Alfonsi et al. 2016) and (Cioca and Ivascu 2017). Some studies adopted an
existing framework to monitor their road safety performance, e.g sunflower pyramid (Papadimitriou and Yannis 2013)
and (Yannis and Papadimitriou 2012). Road safety development was also evaluated based on the five road safety
pillars, within three main layers of road safety management system, consisting of institutional managements functions,
interventions and results (Behnood 2018). The five pillars approach was also used in (Torres et al. 2020). Other study
was conducted in order to evaluate the effects of road safety system approach on fatalities and serious injuries using
the auto regressive integrated moving average (ARIMA) and Intervention Time Series Analysis (ITSA) methods
(Haque and Haque, 2018). Spatial analysis was also adopted in the evaluation research category. Thus, an example of
the application of full Bayes spatio-temporal model on local road risk data was provided in Eksler (2010), showing
the potential of local areal analysis for a better road safety management. Application of GIS and spatial statistics were
also used to give information about the distribution of fatalities and accidents at provincial level in an inter province
evaluation road safety performance study (Erdogan, 2009). Moreover, the link between weather conditions and road
accident risk was examined by the use of the time series analysis, in order to improve road safety monitoring (BergelHayat et al. 2013). The Data Envelopment Analysis (DEA) was also used as a technique in this research category
papers as in (Papadimitriou and Yannis 2013) and (Behnood 2018).
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Conclusion

This study presents findings of a review that managers can use when developing their own road safety monitoring
systems. The result is a reminder that a strong monitoring system based on a reliable data plays an important role in
the road safety management. In effect, out of 290 articles related to road safety management, 36 papers presented and
discussed different techniques, systems or frameworks related to road safety monitoring. Number of monitoring
systems is already being developed and used in road safety and it range from relatively simple models to highly
complex ones. This overview of road safety monitoring systems can serve as a foundation for developing a data based
framework for monitoring the success of road safety strategies implementation.
Therefore, future research can focus on developing a reliable and a responsive road safety monitoring system, which
will assist policymakers to identify issues, risk factors and priority areas in order to make adjustments in their road
safety strategy priorities.

Acknowledgements

This work was conducted within the research project SIMPSRM. The authors would like to thank the National Road
Safety Agency (NARSA) and the Moroccan Ministry of Transport and Logistics for their support.

References

Aghasi, N.H.M., Introducing GIS as legitimate instrument to deal with road accident data: a case study of Iran, Tehran,
Spatial information research, vol. 25, no.1, 2017.
Alfonsi, R., Persia, L., Antonino, T. and Usami, D.S., Advancements in Road Safety Management Analysis,
Transportation Research Procedia, vol. 14, pp.2064–2073, 2016.
Al-Haji, G., Integrated System for Monitoring Road Safety Performance in Cities, Urban transport, vol.116, Pisa,
Italy, June 6-8, 2011.
Allsop, R.E., Britain’s 11-Year Road Safety Strategy Beyond Midterm and in a European Context, International
Journal of Sustainable Transportation, vol. 3, no. 3, pp. 141–159, 2009.
Ambros, J., Jurewicz, C., Turner, C. and Kiez, M., An international review of challenges and opportunities in
development and use of crash prediction models, European Transport Research Review, vol.10, no. 2, 2018.
Behnood, HR., Best practice analysis of action for road safety in Iran amongst the leading developing countries using
an optimized success indicator, Transport Policy, vol.66, p. 76-84, 2018.
Belin, M.-Å., Tillgren, P. and Vedung, E., Vision Zero – a road safety policy innovation, International Journal of
Injury Control and Safety Promotion, vol. 19, no. 2, pp. 171–179,2012.
Bergel-Hayat, R., Debbarh, M., Antoniou, C. and Yannis, G., Explaining the road accident risk: Weather effects,
Accident Analysis & Prevention, vol. 60, pp 456–465,2013.
Carvalheira, C. and Picado-Santos, L., A road safety management system for medium-sized towns, ICE Proceedings
Municipal Engineer, vol. 161, no. 2, pp. 111–116, 2008.
Chen, F., Wang, J., Wu, J., Chen, X. and Zegras, C., Monitoring road safety development at regional level: A case
study in the ASEAN region, Accident Analysis & Prevention, vol. 106, pp. 437-449, 2017.
Cioca, L.-I. and Ivascu, L., Risk Indicators and Road Accident Analysis for the Period 2012–2016, Sustainability,
vol.9, no.9, pp 1530, 2017.
D’Elia, A. and Newstead, S., Comparison of Victorian road trauma trends using traditional and alternative measures
of serious injury derived from linked data, Journal of the Australasian College of Road Safety, vol. 26, no. 2, pp.
19–25, 2015.
Dessers, E., Vancauwenberghe, G., Vandenbroucke, D., Crompvoets, J. and Hootegem, GV., Analysing spatial data
performance in inter-organisational processes, International Journal of Digital Earth, vol .8, no 5, pp. 403-420,
2014.
Eksler, V., Measuring and understanding road safety performance at local territorial level, Safety science, vol. 48, no.
9, pp. 1197-1202, 2010.
Erdogan, S., Explorative spatial analysis of traffic accident statistics and road mortality among the provinces of
Turkey, Journal of Safety Research, vol. 40, no.5, pp. 341–351, 2009.
Fancello, G., Carta, M. and Serra, P., Data Envelopment Analysis for the assessment of road safety in urban road
networks: A comparative study using CCR and BCC models, Case studies on transport policy, vol.8, no.3, p.
736-744, 2020.
Gregoriades, A., Towards a user-centred road safety management method based on road traffic simulation,
Proceedings of the Winter Simulation Conference, Washington, USA, December 9-12, 2007.
Hagenzieker, M.P., Commandeur, J. and Bijleveld, F., The history of road safety research: A quantitative approach,

IEOM Society International

2245

Proceedings of the International Conference on Industrial Engineering and Operations Management
Istanbul, Turkey, March 7-10, 2022

Transportation Research Part F: Traffic Psychology and Behaviour, vol.25, pp. 150–162, 2014.
Hakkert, A.S. and Gitelman, V., Thinking about the history of road safety research: Past achievements and future
challenges, Transportation Research Part F: Traffic Psychology and Behaviour, vol. 25, pp. 137–149,2014.
Hamim, O.F., Debnath, M., Rabbi,S.H.-E., Hoque, Md.S., Mcilroy, R.C., Plant, K. and Stanton N.A., Resolving the
differences between system development and system operation using STAMP: a road safety case study in a lowincome setting, Ergonomics, vol. 64, no. 10, pp. 1-35, 2021.
Han, S. and Lee, H., Comparison of Road Safety Management Systems of Local Governments using Indicators,
Transportation Research Record: Journal of the Transportation Research Board, vol. 2674, no. 12, pp. 435-446,
2020.
Haque, O. and Haque, T.H., Evaluating the effects of the road safety system approach in Brunei, Transportation
Research Part A Policy and Practice, vol. 118, pp. 594–607, 2018.
Hermans, E., Brijs, T., Wets, G. and Vanhoof, K., Benchmarking road safety: Lessons to learn from a data
envelopment analysis, Accident Analysis & Prevention, vol. 41, no.1, pp. 174–182, 2009.
Hughes, B.P., Newstead, S., Anund, A., Shu, C.C. and Falkmer, T., A review of models relevant to road safety,
Accident Analysis & Prevention, vol. 74, pp. 250–270, 2014.
Hyder, AA., Paichadze, N., Toroyan, T. and Peden, MM., Monitoring the Decade of Action for Global Road Safety
2011–2020: An update, Global Public Health, vol.12, no. 12, pp. 1-14, 2016.
International Transport Forum, Road Safety Annual Report 2015, OECD Publishing, 2015.
Kjellén, U.A. and Larsson, T.J., Investigating accidents and reducing risks - A dynamic approach, Journal of
occupational accidents, vol. 3, no.2, pp. 129–140, 1981.
Krug, E., Bettcher, D., Arnold, V. and Robinson, S., The role of cities in preventing noncommunicable diseases and
road injuries, Public health panorama, vol. 5, pp. 336–340, 2019.
Lin, S.-F., Hsieh, N.-T., Jiang, Y.-L.F. and Hsieh, Y.-C., The studies on Automated Road Safety Monitoring System
and Real-Time Traffic Reporting System of an Automatic Vehicle, International Automatic Control Conference
(CACS), Keelung, Taiwan, November 13-16, 2019.
Loo, B.P.Y., Hung,W.T., Lo, H.K. and Wang, S., Road Safety Strategies: A Comparative Framework and Case
Studies, Transport Reviews, vol. 25, no. 5, 2005.
O’cinneide, D. and Harrington, L., The development of a road safety management model, 13th International
Conference on Urban Transport and the Environment in the 21st Century, pp. 201-210, Coimbra, Portugal,
September 3-5, 2007.
Papadimitriou, E. and Yannis, G., Is road safety management linked to road safety performance?, Accident Analysis
and Prevention, vol. 59, pp. 593–603, 2013.
Peden, M., Scurfield, R., Sleet, D., Mohan, D., Hyder, A.A., Jarawan, E. and Matters, C., World Report on Road
Traffic Injury Prevention, World Health Organization, 2004.
Petersen, K., Feldt, R., Mujtaba, S. and Mattsson, M., Systematic Mapping Studies in Software Engineering, 12Th
International Conference on Evaluation and Assessment in Software Engineering, volume 17, page 10, Bari, Italy,
June 26-27, 2008.
Pozueco, L., Gupta, N., Pañeda, X.G., García, R., Tuero, A.G., Melendi, D., Rionda, A. and Corcoba, V., Analysis of
Driving Patterns and On-Board Feedback-Based Training for Proactive Road Safety Monitoring, IEEE
Transactions on Human-Machine Systems, vol. 50, no. 6, pp. 529–537,2020.
Razelan, I.S.M., Ismail, A. and Zakaria, Z., Proactive Safety Measure Using Road Environment Assessment Program
(REAP), International Journal of Integrated Engineering, vol. 11, no. 2, 2019.
Safarpour, H., Khorasani-Zavareh, D. and Mohammadi, R., The common road safety approaches: A scoping review
and thematic analysis, Chinese journal of Traumatology, vol. 23, no. 2, 2020.
Schulze, H. and Koßmann, I., The role of safety research in road safety management, Safety Science, vol. 48, no. 9,
pp.1160–1166,2010.
Shen, Y., Hermans, E., Bao, Q., Brijs, T., Wets, G., Road safety development in Europe: A decade of changes (2001–
2010), Accident Analysis and Prevention, vol. 60, pp. 85–94, 2013.
Shen, Y., Hermans, E., Bao, Q., Brijs, T. and Wets, G., Towards better road safety management: Lessons learned from
inter-national benchmarking, Accident Analysis & Prevention, vol. 138, no. 9, 2020.
Shen, Y., Ruan, D., Hermans, E., Brijs, T., Wets, G. and Vanhoof, K., Modeling qualitative data in data envelopment
analysis for composite indicators, International Journal of Systems Assurance Engineering and Management,
vol. 2, no. 1, pp. 21–30, 2011.
Snyder, H., Literature review as a research methodology: An overview and guidelines, Journal of Business Research,
vol. 104, pp. 333–339, 2019.
Tešić, M., Hermans, E., Lipovac, K. and Pešić, D., Identifying the most significant indicators of the total road safety

IEOM Society International

2246

Proceedings of the International Conference on Industrial Engineering and Operations Management
Istanbul, Turkey, March 7-10, 2022

performance index, Accident Analysis & Prevention, vol.113, pp. 263–278, 2018.
Torres, C., Xavier, V. and Cunto, V.J.C., Analyzing the Relationship between Road Safety Pillars and the World
Health Organization Member States’ Mortality Rate using Structural Equation Modeling Approach,
Transportation Research Record: Journal of the Transportation Research Board,vol.2674, no. 4, 2020.
Tranfield, D., Denyer, D. and Smart,P., Towards a Methodology for Developing Evidence Informed Management
Knowledge by Means of Systematic Review, British Journal of Management, vol. 14, no.3, pp. 207-222, 2003.
Trespalacios, O.O. and Haworth, N.L., Developing a new index for comparing road safety maturity: Case study of the
ASEAN Community, Journal of the Australasian College of Road Safety, vol.26, no.4, pp. 45-53, 2015.
Wang, C., Quddus, M.A. and Ison, S.G., The effect of traffic and road characteristics on road safety: A review and
future research direction, Safety Science, vol. 57, pp. 264–275, 2013.
Wang, J.J. and Cao, X.D., System Analysis of Potential Accidents on Mountain Road Based on Rough Set and
Quantitative Theory, KSCE Journal of Civil Engineering, vol. 25, no. 1, pp. 1031–1042, 2021.
Wegman, F., The future of road safety: A worldwide perspective, IATSS research, vol.40, no. 2, 2016.
Wegman, F., Aarts, L. and Bax, C., Advancing sustainable safety: National road safety outlook for The Netherlands
for 2005–2020, Safety Science, vol. 46, no. 2, pp. 323–343, 2008.
Wieringa, R., Maiden, N., Mead, N. and Rolland, C., Requirements engineering paper classification and evaluation
criteria: a proposal and a discussion, Requirements Engineering, vol. 11, no. 1, pp.102–107, 2006.
World Health Organization, Global Status Report On Road Safety 2018, World Health Organization, 2018.
Yannis, G. and Papadimitriou, E., Road Safety in Greece, Procedia - Social and Behavioral Sciences, vol.48, no.2,
pp. 2839–2848, 2012.
You, J., Zhang, L., Fang, S. and Guo, J., Real-time crash prediction based on high definition monitoring systems, 2017
2nd IEEE International Conference on Intelligent Transportation Engineering (ICITE), pp. 208–211, Singapore,
September 1-3, 2017.
Zhu, J. and Liu, W., A tale of two databases: The use of Web of Science and Scopus in academic papers,
Scientometrics, vol.123, no. 2, pp. 321-335, 2020.
Żukowska, J. and Górska-Pawliczuk, A., Safety Assessment of the Regional Warmia and Mazury Road Network
Using Time-Series Analysis, 2017 Baltic Geodetic Congress (BGC Geomatics), pp. 297–300, Gdańsk, Poland,
June 22-25, 2017.

Biographies

Ibtissam EL KHALAI is a PhD student at Ecole Mohammadia D’Ingénieurs (EMI), Mohammed Vth University in
Rabat, Morocco. She is a mechanical Engineer graduated from Ecole Mohammadia d’Ingénieurs, Rabat, Morocco in
2008. She has worked three years for an industrial company, and is working now for the Ministry of Transport and
Logistics. Her research focuses on road safety management.
Zoubida CHORFI, Ph.D. is a Professor of Industrial Engineering in EMI School of Engineering at Mohammed V
University in Rabat. She received her Dipl-Ing degree in Industrial Engineering from (EMI), Rabat, Morocco, in 2011.
She earned Ph.D in Industrial Engineering from same institution in 2019. She has more than three years of industrial
experience in several industrial companies. Her areas of interest include supply chain management, performance
measurement, multi-criteria decision analysis, design of experiments, Machine learning etc. She published several
papers in research journals and conferences.
Abdelaziz BERRADO, Ph.D. is a Professor of Industrial Engineering in EMI School of Engineering at Mohammed
V University in Rabat. He holds degrees in Decision Systems and Industrial Engineering. He is interested in the areas
of Machine Learning, Industrial Statistics, Operations and Supply Chain Modelling, Planning and Control with
applications in healthcare and other industries. He published several papers in research journals and conferences with
local and international funding. He is a fellow of IEOM society and a member of INFORMS and IEEE. Previously,
he was also a senior engineer at Intel.

IEOM Society International

2247

