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First step of the development of an effective safety management system is to create reliable crash
databases since the quality of decision making in road safety depends on the quality of the data on
which decisions are based. Improving crash data is a worldwide priority, as highlighted in the Global
Plan for the Decade of Action for Road Safety adopted by the United Nations, which recognizes that the
overall goal of the plan will be attained improving the quality of data collection at the national, regional
and global levels.

Crash databases provide the basic information for effective highway safety efforts at any level of govern-
ment, but lack of uniformity among countries and among the different jurisdictions in the same country
is observed. Several existing databases show significant drawbacks which hinder their effective use for
safety analysis and improvement. Furthermore, modern technologies offer great potential for significant
improvements of existing methods and procedures for crash data collection, processing and analysis. To
address these issues, in this paper we present the development and evaluation of a web-based platform-
independent software for crash data collection, processing and analysis. The software is designed for
mobile and desktop electronic devices and enables a guided and automated drafting of the crash report,
assisting police officers both on-site and in the office.

The software development was based both on the detailed critical review of existing Australasian, EU,
and U.S. crash databases and software as well as on the continuous consultation with the stakeholders. The
evaluation was carried out comparing the completeness, timeliness, and accuracy of crash data before and
after the use of the software in the city of Vico Equense, in south of Italy showing significant advantages.
The amount of collected information increased from 82 variables to 268 variables, i.e., a 227% increase.
The time saving was more than one hour per crash, i.e., a 36% reduction. The on-site data collection
did not produce time saving, however this is a temporary weakness that will be annihilated very soon
in the future after officers are more acquainted with the software. The phase of evaluation, processing
and analysis carried out in the office was dramatically shortened, i.e., a 69% reduction. Another benefit
was the standardization which allowed fast and consistent data analysis and evaluation. Even if all these
benefits are remarkable, the most valuable benefit of the new procedure was the reduction of the police
officers mistakes during the manual operations of survey and data evaluation. Because of these benefits,
the satisfaction questionnaires administrated to the police officers after the testing phase showed very
good acceptance of the procedure.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

means of understanding where and why crashes occurred in the
past and how the occurrence of similar events may be prevented

Real-world crash data play a vital part in the development of in the future. First step of the development of an effective safety
safer transport since information on crash data is essential as a management system is to create reliable crash databases since the
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quality of decision making in road safety depends on the qual-
ity of the data on which decisions are based (Austroads, 2015;
OECD/ITF, 2016; World Road Association, 2015). Improving crash
data is a worldwide priority, as highlighted in the Global Plan for
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the Decade of Action for Road Safety adopted by the United Nations
(2011), which recognizes that the overall goal of the plan will be
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attained improving the quality of data collection at the national,
regional and global levels. Actually, modern safety management
systems (AASHTO, 2010) use real-world crash data to: (a) iden-
tify sites with the most potential for crash frequency or severity
reduction; (b) identify factors contributing to crashes and associ-
ated potential countermeasures to address these issues; (c) conduct
economic appraisals of improvements and prioritize projects; (d)
evaluate the crash reduction benefits of implemented treatments;
and (e) estimate the effect of various design alternatives on crash
frequency and severity.

Crash databases provide the basic information for effective high-
way safety efforts at any level of government, but lack of uniformity
among countries (WHO, 2010) and amongthe different states and
local jurisdictions in the same country (NHTSA, 2012) is observed.
To bring greater uniformity to crash data collection and to provide
guidance to data collectors, guidelines to define a minimum set of
standardized data elements which allow for comparable crash data
were developed in Australasia (Austroads, 1997), in the European
Union (De Meester, 2011) and in the United States (NHTSA, 2012).

However, several existing databases show significant draw-
backs which hinder their effective use for safety analysis and
improvement (Montella et al., 2013). Furthermore, modern tech-
nologies offer great potential for significant improvements of
existing methods and procedures for crash data collection, pro-
cessing and analysis. To address this issue, in this paper we present
the development and the evaluation of a web-based software for
crash data collection, processing and analysis. The software devel-
opment was based both on the detailed critical review of existing
Australasian, EU, and U.S. crash databases and software as well as
on the continuous consultation with the stakeholders, which was
carried out at national level in Italy involving the National Insti-
tute of Statistics, the Highway Police Department of Campania and
Molise, several Local Police departments, and the road safety offices
of the City of Naples and the Metropolitan City of Naples. The evalu-
ation was carried out comparing the completeness, timeliness, and
accuracy of crash data before and after the use of the software in the
city of Vico Equense, in south of Italy showing very positive results.

2. State of the art
2.1. Australasia

2.1.1. Australia

In Australia, crash data are collected and validated by the police
and transport agencies (OECD/ITF, 2016). Each State has its own
database and a crash data analysis system. These databases provide
detailed information about injury crashes (and in most jurisdictions
some property damage only crashes) reported by the police. Major
differences are related to the available tools, the accessibility, and
the linkage to the other relevant data. Access to detailed police crash
reports is restricted to varying degree in all of the jurisdictions, due
to privacy reasons. In Queensland, Western Australia, and Victoria
crash datais provided to road safety professionals through the State
Governments websites. In other jurisdictions, the crash databases
are maintained by the State road controlling authority and access to
crash data is strictly monitored. Common protocols for the collec-
tion of the fatality data have enabled the establishment of a reliable
national road fatality database, which is managed by the federal
Department of Infrastructure and Regional Development.

2.1.2. New Zealand

In New Zealand, the Crash Analysis System (CAS) is maintained
by the NZ Transport Agency. CAS includes all reported crash data
(injury and property damage only crashes) since 1980. CAS is a
full GIS based system that provides both database type inputs and

outputs and extensive mapping capability. It produces automated
collision diagrams and access to the original Police reports, includ-
ing the diagrams of the crash scene prepared by the police officers.
For each crash, over 100 variables are reported. CAS is available
through a web-based portal for approved road safety profession-
als. This has led to a widespread use of crash data in research and
road safety investigations.

2.2. United States

2.2.1. National level

In the United States, State Police collect data on motor vehicle
traffic crashes on specific roadways in each of the 50 states. Each
state also has local police jurisdictions within counties, cities and
towns that collect data on motor vehicle traffic crashes on the road-
ways not covered by the State Police (OECD/ITF, 2016). Each state
has its own safety database designed with content, format, data col-
lection system, and data coding conventions to meet their needs.
The Model Minimum Uniform Crash Criteria (MMUCC) represents
the directions of improving crash databases on each State (NHTSA,
2012), butitis necessary to work in two directions: (1) standardiza-
tion and (2) quality control. The United States has also specialized
safety databases at the national level such as the Fatality Analysis
Reporting System (includes fatal injuries from all US states) and
the Highway Safety Information System (contains crash, roadway
inventory, and traffic volume data from seven states).

2. .2.2 State level

Several electronic innovative procedures based on the use of
software and new technologies are now becoming an emerging
tool. Traffic and Criminal Software (TraCS) is an application soft-
ware that combines with laptop computers, one or more PCs in a
central office, and data communications to provide Officers with
all of the functionality necessary to record and retrieve incident
information wherever and whenever an incident occurs (lowa
Department of Public Safety, 2016). The software is used in 20
states, such as New York, lowa, and Florida. Main advantages of
the software are: decrease of the amount of time, it takes an officer
to collect collision report information; improvement of the accu-
racy of the crash data; reduction of duplicate data entry by police,
DMV and the Courts; and reduction of errors. Indiana is imple-
menting a new approach for crash location called “point-and-click”
(Montella et al., 2013). To address the concern about the quality
of the crash location data, the Indiana DOT road network repre-
sentation is loaded on police field laptops together with a GPS
application allowing a police officer to make a quick identification
of the area with the crash. Pointing at the crash spot on the map and
confirming with a click on a mouse generates the corresponding
geo-coordinates, which are transferred to the crash report.

2.3. European Union

2.3.1. EUlevel

For years, crash data have been collected in the EU countries
according to their own national systems. At the European level,
disaggregate crash data are available since 1991 in CARE — the Com-
munity database on road accidents resulting in death or injury. The
purpose of CARE system is to: identify and quantify road safety
problems throughout the European roads; evaluate the efficiency
of road safety measures; and determine the relevance of Commu-
nity actions. To improve the uniformity in data collection among
the EU states, the recommendation for a Common Accident Data
Set (CADaS) consisting of a minimum set of standardized data ele-
ments has been developed (De Meester, 2011). The CADaS variables
are divided into four basic categories: crash-related, road-related,
traffic unit-related, and person-related. Moreover, the EU directive
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on road safety management defines minimum requirements for
fatal crash reports on roads that are part of the trans-European
road network (European Commission, 2008).

2.3.2. National level: Germany and UK

In Germany and in the UK, new systems have been recently
introduced: PTV EUSka in Germany and Collision Recording and
Sharing (CRASH) in the UK.

PTV EUSka is a software system for the collection, validation, and
analysis of crash data. It is widely used in the German police depart-
ment. The system allows to collect and evaluate the crash data and
realize crash GIS. The software displays crashes on a map and with
just a mouse-click any detailed information can be used as filter
criteria. In addition, the crash data can be filtered geographically
and according to numerous characteristics of the dataset.

CRASH has been built for police forces across England and Wales.
The platform helps pinpoint crash hotspots to enable authorities to
work together to make safety improvements to the road network.
The system allows police officers to input crash data directly into a
central system using a mobile device or a desktop one. Using this
software the national crash database has been updated to meet the
needs of the European Database.

2.3.3. National level: Italy

In Italy, the national crash database is maintained by the
National Institute of Statistics (ISTAT) and contains only informa-
tion on injury crashes. The database format has been evolving over
time and the most recent version contains 201 fields with 88 vari-
ables related to the crash, the road, the involved vehicles, and the
injured persons. The database has strictly restricted access and
presents major issues related to the crash report form, the crash
classification, the crash location, and the crash severity (Montella
and Imbriani, 2015; Montella et al., 2012a, 2013, 2015). Nowadays,
the Italian Highway Police collects the crash data using a paper
form. This form is different for PDO and injury crashes. After the
survey, in the office, all the data are inserted into a local database
of the Highway Police department by other police officers using
a desktop software and this procedure causes data loss. Access to
the police crash reports is strictly restricted. Transmittal of the data
to the National Institute of Statistics is carried out separately, sev-
eral times by police officers not involved in the previous phases.
Also this operation is a source of errors. The Carabinieri corps,
which has dual role as a Police and Armed Force, uses a simple
software that allows the post-processing of the data manually col-
lected on-site. This database is not updated according to the most
advanced international procedures. Furthermore, some municipal-
ities are developing specific databases for urban crashes. These new
databases are an improvement of the national database but there is
not consistency between the different databases and they are not
spread in all the country. Most of the urban crashes are collected by
Local Police. Almost all departments use an out-of-date paper form,
not in line with the national and international needs. The recording
and evaluation of the data are manual and there are different paper
archives spread through the country.

2.4. Main issues and prospects for improvement

Access procedures to crash data have a significant impact on
how widely the data gets applied and differ substantially across
countries. In some Australian States (Qld, WA, and Vic) and in New
Zealand, the crash databases are available to approved road safety
professionals through web-based portals, which provide all crash
information including detailed police crash reports and diagrams.
Qualification is vital for an effective safety management process,
given that addressing the safety problems and implementing coun-
termeasures do not give any real benefit in terms of crash reduction

if the task is not based on sound road safety engineering expe-
rience and practice (Cafiso et al., 2011; Montella, 2007; Montella
and Mauriello, 2012). In Australasia, the certification of road safety
professionals has been common practice for many years. In the
European Union, the Directive 2008/96/EC requires a certificate of
competence for road safety professionals with relevant experience
in road safety engineering and crash analysis. In Italy, such as in
several countries, the access to crash data is very restricted and
road safety professionals, or Universities, in several cirmustances
can use only aggregated crash data for their studies and investiga-
tions. The access to crash data to approved road safety professionals
through web-based portals may provide the best benefits for road
safety improvement.

The most important and troublesome piece of crash data is the
crash location (Tarko et al.,2009). Undeniably, crash location is crit-
ical for problem identification, prevention programs, engineering
evaluations, mapping, and linkage purposes (NHTSA, 2012). In most
countries, significant inaccuracies in crash location are observed. In
Italy, the analysis of the national database relative to 153,344 rural
crashes showed that in 36% of the crashes the location was com-
pletely missing (Montella et al., 2013). The use of GPS devices to
locate geographic coordinates has significantly improved location
in several countries. This method, however, still produces errors
and inaccuracies. The combined use of GPS devices and GIS over-
comes traditional problems associated with the use of GPS devices,
such as inaccuracies and collection mistakes.

Crash narrative is a key part of the police report and allows to
extract information useful both for crash classification as well as
for understanding crash contributory factors (Montella et al., 2013).
Even if the narrative is an indispensable engineering resource, sev-
eral databases, such as the Italian national database, do not contain
the narrative nor the EU guidelines require the inclusion of the
narratives in the crash databases. Including crash narrative in the
databases and classifying crashes by the maneuvers and sequence
of events of each traffic unit is strongly recommended in order to
improve crash investigation and prevention programs.

Crash severity is very important since the crash costs greatly
varies in relation to the severity. Road deaths represent only the
tip of the iceberg out of the total number of road crashes. Each
country should aim to reduce the number of serious injuries in
traffic, according to its own definition, an effort which must be
undertaken in parallel with reducing the number of road deaths.
The International Traffic Safety Data and Analysis Group (IRTAD)
reviewed the scientific works and collected information on the
national definitions for serious traffic injuries, the availability of
data sources, as well as the methodologies used to link the various
data sources. IR-TAD recommends the use of a common definition
of serious injuries as in-patients with an injury level of Maximum
Injury Severity Score (MAIS) 3 or more (OECD/ITF, 2011). In Italy,
only one injury level is used even if in most cases hospitals reports
are attached to the police reports. It would be important to link
police data and hospital data(Coutoetal.,2016)as well as toinclude
in the crash databases detailed information on crash severity (and
the MAIS score, if available).

An easy-to-use, well-designed crash report form is a prereq-
uisite to a consistent data collection system. In most countries,
crash data are collected and validated by the Police with different
approaches often so far from the road safety management needs. A
balance needs to be reached between collecting the required infor-
mation, and the time the collectors take to perform this task. If
too much burden is placed on the police, it is less likely that the
crash report form will be completed. To date, the most common
road crash data collection methods are manual and paper-based
form. These methods involve the following problems (Andreassen,
1995): (a) legibility; (b) missing data; (c) inconsistencies; (d) errors
in crash location; (e) crash sketch (size of space available on the
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form, need for guidance on what to show, not filled in most cases);
and (f) the narrative (an essential part of the report that should not
be a repeat of what has been covered by the questions). The use
of an electronic form might solve most of these problems because
field data entry eliminates errors caused by illegible handwritten
reports, reduce the opportunity for coding errors, and minimize
costs. Crash diagram can be sketched directly in the laptop or
mobile device on site.

Using laptops to create the original report can be significantly
faster than preparing handwritten reports, provided that a proper
use is made of the interface capabilities. The improvements in com-
pleteness of responses, improved sketches, and general quality of
the report are more important than the time saving. To advance
real-time decision making, reduce the burden of data collection,
improve data quality, facilitate transfer, merging and sharing, and
make data available sooner, the use of electronic technologies and
methods to collect crash data (E-Crash systems) on a regular basis
is strongly recommended in all the countries.

3. Framework of the ReGIS E-crash system

To improve data quality and reliability, facilitate transfer, merg-
ing and sharing, and make data available sooner without increasing
the burden of data collection, we developed a web-based software
for crash data collection, processing and analysis. The software is
named ReGIS (Italian acronym of Crash Data Collection, Processing
and Analysis)and has been developed in Italy involving the National
Institute of Statistics, the Highway Police Department of Campania
and Molise, several Local Police departments, and the road safety
offices of the City of Naples and the Metropolitan City of Naples.
Since the quality of the collected crash data is undoubtedly related
to the collector’s skills, we also wrote a User Manual in order to
both explain how the system works and to update police officers
on main road safety issues.

3.1. Software architecture

ReGIS (Crash Data Collection, Processing and Analysis) is a web
application designed as SaaS (Software as a Service) using a cloud
infrastructure. This technology enables high flexibility and does not
need maintenance activities by the final user. To guarantee redun-
dancy, security and on demand scalability, a cloud based approach
has been used. ReGIS uses open source technologies such as frame-
works (Bootstrap, JQuery, Google API) and the LAMP (Linux, Apache,
MySQL, PHP) platform to host dynamic websites. ReGIS has full
compatibility with the standards of the modern mobile devices.
This allows to use phone’s geolocation sensors and to get GPS coor-
dinates that enable the developing of Geographical Information
Systems.

As a web application, ReGIS is Platform Independent and is rely-
ing upon real-time services. Further improvements will lead to a
system which can work offline and is usable also if the internet con-
nection is unavailable; to date, the missing information in case of
unavailability of the connection can be uploaded later. The software
is designed for mobile and desktop electronic devices (smartphone,
tablet, PC, laptop, etc.). It enables a guided and automated draft-
ing of the crash report on-site, allowing the contemporary access
to different users, i.e., different police officers who simultaneously
perform different activities in order to speed up the process (Fig. 1).

To run the software, the police officer types the web link to ReGIS
in the URL bar of a browser. The login web page is secured by PHP
and JavaScript algorithms. After the login, the police officers can
start a new crash survey or manage previous reports. ReGIS has
three levels of entry: (1) police officer, (2) supervisor, and (3) chief
police officer. The police officer cannot use all the functionalities
and can only see his reports, the supervisor can use all the func-

Table 1
Data comparison between ReGIS and the database of the Italian National Institute
of Statistics.

Variables collected Variables collected A

by ISTAT by ReGIS

Crash 17 60 +253%
Road and Environment 13 41 +215%
Vehicle 9 72 +700%
Driver 15 44 +193%
Passenger 13 26 +100%
Pedestrian 15 25 +67%

Total 82 268 +227%

tionalities and can see all the crashes but he cannot administrate
the users. The chief police officer can also create new accounts,
delete accounts and reports, and, in special cases, modify archived
crash information.

Each crash has its own management page. This web page gives to
the operator the full control of the operations to be performed and
the state of progress during the filling of reports, thus facilitating
the reporting operations both on site and in the office. The system
is user-friendly and easy-to-use, allowing also police officers not
familiar with Information and Communication Technologies to eas-
ily create a report. When a new survey starts, the software reminds
to the police officers all the important actions to be carried out.
Entering some basic information, the software automatically cre-
ates all the forms needed to input the information in the database.
These forms are interactive and the structure of each level changes
according to the information entered in the previous one.

The crash data are collected using six different standard forms,
reflecting the structure of the database. All the variables are divided
into six basic categories: (1) Crash, (2) Road and Environment, (3)
Vehicle, (4) Driver, (5) Passenger, and (6) Pedestrian. The forms
have been designed to meet both the needs of the Police as well as
the needs of the road safety agencies which shall use these informa-
tion to take decisions for the highway safety management. The use
of the forms on-site guides the police officer and highly improves
data quality and reliability. To help the users to better understand
the meaning of some technical and engineering information, there
are information buttons that activate pop—ups with a short expla-
nation and a link to the user manual. The forms have also been
designed to be easily completed electronically using drop-down
lists, check-buttons, and vocal writing.

Further improvements to the software will allow to incorporate
crash scene data collection by innovative instrumentation, such as
unnamed aerial vehicles, lidars and scanners.

3.2. Structure of the database

The database has been developed using MySQL (Relational
Database Management System). It is structured in 19 tables, which
contain 580 variables. The variables strictly related to the crash
analysis are 290. The main feature of the database is the possibility
to insert all the needed information by a Relational Database. ReGIS
software automatically creates all the input forms needed using an
algorithm that allows to insert data of a single crash on more rows,
withoutlosing information or slowing the system. To appreciate the
differences, it is worth to observe that the Italian National Institute
of Statistics (ISTAT) collects 82 variables with not more than 201
fields for each crash (vs. 580 variables of ReGIS). ReGIS software
collects more than three times the number of variables now used
(Table 1).

The information is divided into six basic forms (Fig. 2): (1) Crash,
(2) Road and Environment, (3) Vehicle, (4) Driver, (5) Passenger,
and (6) Pedestrian. The other forms contain information about
violations, statements, system variables, attached documents, and
pictures.
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Fig. 1. Framework of the ReGIS E-crash system.

3.3. Features of the system

Crash data need to be supplemented by other information,
including road inventory and survey data of key behaviours,
enforcement data, and emergency and medical system quality data.
ReGIS software is designed to collect all this information in a
user—friendly format.

Crash location is undoubtedly one of the most critical issues.
The combined use of GPS devices and GIS overcomes traditional
problems associated with the use of GPS devices, such as inac-
curacies and collection mistakes. To increase location reliability,

the database stores both route name and GPS/GIS information and
matches the data. Police officers have also the option to manually
correct the crash location.

The crash severity is automatically derived by the ReGIS soft-
ware from the Injury Status for each person involved in the crash.
Crash severity classification has been carried out considering the
needs of the different stakeholders and the international definitions
of diseases (e.g., MAIS). Information about prognosis and recovery
time, the type of injuries and the injury area are collected. This
helps to better evaluate the crash consequences. ReGIS detects all
the hospital information and has the capabilities to communicate
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with the hospital databases. Police officers can also store medical
reports into the ReGIS archive.

Crash classification needs to take into account that crashes are
multi-factor events and that all crashes have a chain of events lead-
ing to the collision and to subsequent damages and/or injuries
(Montella, 2011; Montella et al., 2012b; ROSPA, 2002). The crash
data collection form guides the users to report the crash narrative,
to distinguish the different events leading to the collision and to
collect them with a standard procedure, reporting for each traf-
fic unit: (a) the controlled maneuver prior to the beginning of the
sequence of events, (b) the critical event, (c) the evasive maneuvers,
(d) the collision manner, and (e) the events after the collision.

The efficiency and the speed of the rescue in case of crash can
save lives. ReGIS collects information to allow emergency and med-
ical system quality evaluation.

Police officers are not transportation engineers, but a complete
collection of the road information is required. To help the crash
data collectors to detect technical road information, the software
provides a simple collection method. The road information are col-
lected separately: road type, cross section, horizontal alignment,
vertical alignment, signs, markings, lighting, pavement conditions,
and work zone presence and configuration. To understand the
meaning of the different fields, there are info-buttons which pro-
vide fast and simple explanations.

The detection of vehicle component’s failure or degradation is a
key task. The software guides the police officers to inspect step-by-
step vehicle components such as tires, lights, mirrors, turn signals,
and the validity of the vehicle inspection.

To investigate road users’ behaviour, the software enables to
report in detail the physical and mental condition of the drivers. In
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the case of professional drivers, a specific section allows to define
the number of driving hours and break hours. The pedestrian form
allows to report sequence of events before, during and after the
crash in order to better understand the contributing factors. In the
forms there are fields to describe the physical and mental condition
of the pedestrian.

Main specific features of the system are:

a) Contemporary multi-user compilation. During the on-site data col-
lection, each police officer can enable one or more colleagues to
take part of the collection process. All the involved police offi-
cers can simultaneously fill out different forms reducing the time
spent on-site.

b) Input control. ReGIS uses automated software error controls and
logic checks to improve data accuracy. These automated controls
generate warning alerts highlighting potential errors but they do
not automatically change the input values.

c) Secure login. The connection to the platformis carried out through
a secure login page protected by PHP and JavaScript algorithms.

d) Sketch. The police officer can make a simple and efficient sketch
of the scene by a touch screen technology.

e) Photo gallery. The photo gallery allows the police officers to
update the pictures of the crash scene on the cloud service in
order to see and add the pictures from any place and any device.

f) Geolocation. Through the use of the GPS and GLONASS sensors of
the mobile device, it is possible to collect the correct crash posi-
tion using the geographic coordinate together with the street
name. Officers have also the option to manually correct the posi-
tion.

g) Geographical Information System. The geolocation allows creating
a GIS with all the crash locations or with the location of spe-
cific crash types (nighttime, wet, rainy, involging vulnerable road
users, etc.). The GIS supports both hotspots visualization and the
highway safety management process.

h) Automatic statistics. The web-app elaborates the data and easily
produces updated crash statistics. This feature reduces officer’s
workload and increases the reliability of the data, eliminating the
transmission of incorrect information associated with manual
processing.

i) Digital archive of documents. It allows to gather into a single
space all the documents useful to the reconstruction of the crash
dynamics and the identification of responsibilities.

j) Collection of statements. It is speeded trough the use of the vocal
writing. The forms for spontaneous declarations are automati-
cally completed with the personal data of the people involved in
the crash (drivers, passengers, and pedestrians).

k) Crash report. The software automatically edits a crash report,
which can be revised by the police officers, with the aim to offer
an effective synthesis of the crash. This document allows to pro-
vide a complete summary of the crash information.

1) ISTAT file. The system automatically generates a .txt file where
the data are reported according to the standards of the Italian
National Institute of Statistics. This function enables the elec-
tronic transmission of the information to the national database
eliminating the mistakes related to the conversion from the
paper form. The same function may be easily implemented to
convert the data according to the standards of different countries.

4. Experimental evaluation of the ReGIS E-crash system
4.1. Testsite
The first experimentation of the system was entrusted to

the Vico Equense Police Department by a scientific collaboration
agreement with the Department of Civil, Architectural and Environ-

Table 2
Comparison of completed fields before and after the use of ReGIS.

Completed fields Completed fields A

before after

Crash 28% 32% +13%
Road and environment 28% 47% +68%
Vehicle 24% 32% +32%
Driver 23% 31% +33%
Passenger 24% 25% +4%

Pedestrian 34% 51% +49%
Total 26% 35% +33%

mental Engineering of the University of Naples Federico II signed
in October 2015. Vico Equense is a city in the Metropolitan City of
Naples in Southern Italy. The city has 21’918 inhabitants and an
area of 29.3 km?. It is the first city in the Sorrento peninsula and it
isin a highly touristic area. The average number of crashes per year
from 2010 to 2015 was almost one hundred.

The Local Police Department has 28 police officers and until
January 1st, 2016 they had never used an electronic system for
road crash survey. Indeed, before the experimentation they used
only paper forms and manual procedures. The test started by a
two-days training course. Initially, the software was delivered to
a small number of police officers who carried out the surveys with
both the electronic and the manual procedure. At the beginning,
the police officers used the software with the assistance of the staff
of the University.

This phase allowed evaluating the differences between the old
and the new procedures and, at the same time, to monitor the
results. Until June 30th, during the first six months of testing, the
Police Department collected 47 crashes.

4.2. Test results

The system effectiveness was evaluated according to three crite-
ria: (1) quantity ofinformation; (2) time spent to collect and process
the data; and (3) satisfaction of the police officers.

4.2.1. Quantity of information

To compare the data before and after the introduction of ReGIS,
the information of the 84 crashes reported in 2015 by the man-
ual procedure have been inserted in ReGIS. Collected data in 2015
and in 2016 were compared (Table 2) and the results show a sig-
nificant increase in the quantity of collected information after the
introduction of ReGIS.

The amount of collected information increased from 82 vari-
ables to 268 variables, i.e.,a 227% increase. Road and environmental
data showed the most significant increase. This is mainly because
the procedure guides the user during the data collection and asks
for several information which were not collected before. The pres-
ence of multiple choice fields, info-buttons, check-buttons and
drop-down lists simplifies the data collection. The use of the dig-
ital methodology guides the user in the survey activities, creating
all the input forms that shall be filled for each crash providing a
validated framework of the data collection process.

4.2.2. Time spent to collect and process the data

To evaluate the time needed to process each crash, six crashes
were collected by two different police teams with the traditional
and the new procedure. The on-site data collection phase was
split into 9 activities (preventive check of the crash site, involved
people and vehicles identification and delimitation of the area;
vehicles data collection; persons data collection; check of the valid-
ity of the documentation; road and environment data collection;
sketch of the crash scene; violations reporting; removal of traf-
fic disruptions; photographic surveys) and the office evaluation,
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Table 3
Comparison of time spent before and after the use of ReGIS.

Phase of data Action Before After A

collection process [min] [min] [min]

On-site data collection Preventive check of the crash site, involved people and 6 6 0
vehicles identification and delimitation of the area
Vehicles data collection 5 7 +2
Persons data collection 5 7 +2
Check of the validity of the documentation 4 4 0
Road and environment data collection 5 6 +1
Sketch of the crash scene 17 18 +1
Violations reporting 4 4 0
Removal of traffic disruptions 17 19 +2
Photographic surveys 9 10 +1
Total time on-site 72 79 +7 (+9%)

Office evaluation, Preparation of the dossier 5 1 -4

processing and analysis Updating and checking of information 0 15 +15
Road crash reporting 36 2 —34
Copy of records and documents 8 4 -4
Storage 15 1 -14
Statistical data evaluation 26 3 -23
Preparation and delivery of the relevant crash information 12 4 -8
to the lawyers
Total time in the office 100 31 —69 (—69%)
Total time 172 110 —62 (—36%)

Table 4
Results of the satistaction questionnaire.

Section Average score
[on a scale 1-5]
ReGIS overall satisfaction 4.4
Organization of the electronic forms 4.9
Quality of the automatic report 4.1
Quality of the Geographical Information System 4.8
Violations 3.4
Photo gallery 4.0

processing and analysis was split in 7 activities (preparation of
the dossier; updating and checking of information; road crash
reporting; copy of records and documents; storage; statistical data
evaluation; preparation and delivery of the relevant crash infor-
mation to the lawyers). Average times of each activity have been
compared (Table 3).

The time saving was more than one hour per crash: 110 min per
crash with ReGIS vs. 172 min per crash with the traditional pro-
cedure, i.e,, a 36% reduction. The on-site data collection did not
produce time saving, however this is a temporary weakness that
will be annihilated very soon in the future after officers are more
acquainted with the software. The phase of evaluation, processing
and analysis carried out in the office was dramatically shortened:
31 min per crash with ReGIS vs. 100 min per crash with the tradi-
tional procedure, i.e., a 69% reduction.

4.2.3. Satisfaction of the police officers

Finally, a satisfaction questionnaire was administered to fifteen
police officers (Table 4). The questionnaire was divided in six sec-
tions and police officers were asked both to provide a rate on a scale
from 1 (very poor) to 5 (excellent) as well as to provide comments
about advantages, drawbacks and suggestions for improvement.
Average scores were very good: 4.4 for the ReGIS overall satisfac-
tion, 4.9 for the organization of the electronic forms, 4.1 for the
quality of the automatic report, 4.8 for the quality of the GIS, 3.4 for
the violations, and 4.0 for the photo gallery.

5. Conclusions

ReGIS is a web-based software platform-independent for crash
data collection, processing and analysis according to the inter-

national best practices that addresses most of the drawbacks of
existing procedures. The software is designed for mobile and desk-
top electronic devices and enables a guided and automated drafting
of the crash report, assisting police officers both on-site and in the
office.

The evaluation was carried out comparing the completeness,
timeliness, and accuracy of crash data before and after the use of
the software in the city of Vico Equense, in south of Italy showing
significant advantages.

The amount of collected information increased from 82 vari-
ables to 268 variables, i.e, a 227% increase, with road and
environmental data showing the most significant increase. The
time saving was more than one hour per crash: 110 min per crash
with ReGIS vs. 172 min per crash with the traditional procedure, i.e.,
a 36% reduction. The on-site data collection did not produce time
saving, however this is a temporary weakness that will be annihi-
lated very soon in the future after officers are more acquainted with
the software. The phase of evaluation, processing and analysis car-
ried out in the office was dramatically shortened: 31 min per crash
with ReGIS vs. 100 min per crash with the traditional procedure,
i.e.,a69% reduction. Another benefit was the standardization which
allowed fast and consistent data analysis and evaluation. Even if all
these benefits are remarkable, the most valuable benefit of the new
procedure was the reduction of the police officers mistakes during
the manual operations of survey and data evaluation. Because of
these benefits, the satisfaction questionnaires administrated to the
police officers after the testing phase showed very good acceptance
of the procedure.

Finally, in the framework of a safe road system, the ReGIS Soft-
ware has the potential to create a unique and shared database
among the different police offices, the road agencies, the admin-
istrative offices, and the hospitals.
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