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Abstract - A national initiative from the vehicle manufacturers, safety system suppliers, the road administration and
universities in Sweden took off in 2007. The aim was to develop a national investigation network and a methodology
focusing on all phases of a crash (pre-crash, in-crash and post-crash) as well as all parts of the road transport system (road
user, vehicle and road environment). The initiative is formally run as a project with the acronym INTACT (Investigation
Network and Accident Collection Techniques). It was a three year pilot with the aim to develop methodologies for an
extended national crash investigation activity. During the first year the INTACT partners agreed on the aim for the
investigation and methods for retrieving the data were developed. During the second and third year the methodology was
tested in real-world investigations and further refinement was made. The paper describes the methodology developed to
obtain high qualitative in-depth road crash data.

INTRODUCTION

More knowledge is still to be found when investigating road crashes. High quality real-world data is
needed when developing safety systems, standards and policies for vehicles and roads to increase
safety for all road users. In Sweden, investigations of road crashes have been undertaken by the
vehicle industry, the road administration, hospitals and universities during decades. Naturally each
organisation has focused their investigations to areas where safety measures could be foreseen and
implemented.

Many in-depth databases exist around the world. USA has one of the longest running and largest in-
depth activity which has been going on since the 1970s i.e. NASS-CDS (National Automotive
Sampling System - Crashworthiness Data System) [1]. Data collected in NASS-CDS is used to
investigate injury mechanisms to identify potential improvements in vehicle design. More recently,
CIREN (Crash Injury Research and Engineering Network) started in the 1990s, which includes fewer
cases but has more depth focusing on improving the prevention, treatment and rehabilitation of car
crash victims [2]. In Europe, there are some well established national in-depth accident databases
existing in for example Germany, France, Finland and the UK.

In the Framework Programs funded by the European Commission there have been several attempts to
harmonise in-depth data collection protocols. The first attempt was STAIRS (Standardization of
Accident and Injury Registration Systems) [3] focusing on crashworthiness which lead to the in-depth
data collection activity in eight EU countries creating the database PENDANT (Pan-European Co-
ordinated Accident and Injury Database) [4]. Another EU project, RISER (Roadside Infrastructure for
Safer European Roads) [5], harmonised the data variables for roadside infrastructure focusing on run-
of-road accidents. It was identified that most databases lacked sufficient information on the causation
of accidents therefore parts of the SafetyNet [6, 7] project, that includes the development of methods
and collection of data to find risk factors for accident occurrence, was initiated.

There are also many other in-depth accident collection activities in European projects focusing on
special topics such as child safety, truck accident causation, roll-over accidents, accident involving
motorcycles and accidents involving coaches. These studies have their own set of protocols and
methodology to collect and analyse road accidents. Some of the databases are based on already
existing accidents records and some collects new information according to developed methodologies.



METHODOLOGY

In line with the aim of preparing INTACT for a harmonised activity in Europe the methods, as far as
possible, are not constrained to national limitations and all documentation from the project are
produced in English.

During the first year the INTACT partners used their common expertise within behaviour science,
medicine, biomechanics, vehicle design, and road design to agree on sampling criteria and a set of
variables as a minimum base for the accident investigations. The sampling criteria was based on two
main points; the aim of the project and countermeasure development i.e. for which accidents the
partners in the project have the possibility to develop countermeasures. Previous activities in the
European projects mentioned above were used as a base for selection of the data variables. Additions
and exclusions of variables were made on the relevance for the project and the partners. It was also
desired to develop a questionnaire and procedures for long term injury follow-up. Questionnaires from
previous and on-going studies were reviewed.

A working group was formed to explicitly look at how to collect and analyse data from the pre-crash
phase to understand the contributing factors to accident occurrence. The aim was to investigate which
different pre-crash methods that exist and examine how well they work in finding risk factors in
different traffic situations. The evaluation and the discussion were based on the guiding principles [8]
that were formulated in the beginning of the work. In summary the guiding principles were:

= [t is required that the method can handle case analysis, preferable also aggregated analyses.
= Theoretically described accident model.

= Clearly description/documented of the analysis.

= [t is required that the analysis does not stop with defining guilty participants.

= [t is required that the method covers contributing factors rather than accident causes.

= It is required that the method can have several levels at the same time and that it can handle
several different contributing factors and not just a single causation chain.

= [t is required that the variables are clearly described (to increase the reliability).
= [t is desirable that variable values like time, position, and action, and the driver’s apprehension
of these things are analysed in the method.

= There should be a clear connection between the results of the analysis and possibilities to find
countermeasures.

= [t is desirable that the method is/can be implemented in a database.
= [t is desirable that the results of the analysis can be searchable (in a database).

Methods for retrieving the data from the accidents were tested during the second year in real-world
investigations. Both on-scene and retrospective methods where evaluated. The purpose of an on-scene
investigation method is to collect physical evidence before it has been removed which means that the
investigation team departs directly to the accident scene when the accident has occurred. In
retrospective investigations the investigator team visit the accident scene within days after accident
occurrence.

To have a uniform way of working among the partners a manual for investigations and a codebook for
variables was developed. It was important that additions or updates were easily distributed to
investigators and analysts, therefore, a web based on-line manual was developed using the free



software program “PMwiki” [9]. The advantage of choosing this program was that any additions or
changes to the manual are performed online and changes take effect immediately.

For storage and analysis of data a computer system was developed called the “INTACT system”. The
method for system development used, DSDM (Dynamic Systems Development Method), put a lot of
emphasis on end-user-participation in the requirements process to make sure that the system meets the
expectations and demands of the people who are going to use the system, a factor which is critical for
the system implementation phase. The INTACT system requirements were divided into two parts. The
first part of the requirements contained written descriptions of functions and technological solutions
for the INTACT system. It contained the description of the complete accident investigation process
and overall fundamental requirements of the system. The second part contained visual representations
(mock-ups) or in some cases written descriptions of the different parts of the user interface, to provide
end-users and system developers with a common view of what the user interface should look like, and
how it should work.

RESULTS

The aim of the INTACT project was methodology development and during this process accident
investigations were carried out in periods to test and evaluate the methods. Throughout the project 110
accidents were investigated in total. Further analysis of these accidents will not be presented here.
However, it can be mentioned that the response rate on telephone interviews and injury follow-up
questionnaires were approximately 80% and 65% respectively.

In INTACT an accident investigation is divided into two parts; data collection and case analysis. It is
important that the analysis is performed after the data collection is finalised to ensure optimum
analysis results. A condensed process flow of an INTACT accident investigation is shown in Figure 1.
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Figure 1. Process flow of an accident investigation in INTACT, all data collection should be finalised
before the case analysis starts.

Accident investigations were decided to be performed in seven municipalities around the main
location from which the accident scenes could be reached within 30 minutes. Road accidents in which
a car, truck or bus was involved and an ambulance was called to the accident scene were investigated.
It was desired to have scheduled sampling covering all hours but investigations during night time and
weekends were only tested during a short period of time and were not fully archived within the project
timeline. The main sampling of accidents occurred in the time span from 6 am to 8 pm on weekdays.

On-scene investigation method was selected after comparing with retrospective investigation methods.
Even if on-scene investigations are used the vehicles are inspected retrospectively. It was found that



the quality of data was the most important factor but also investigation time and safety for the
investigators were considered. There were four main quality issues identified which was part of the
selection of on-scene accident investigation method:

= In on-scene investigations it is often possible to find witnesses at the accident scene when the
team arrives and/or get a short description of the accident scenario by the police or rescue
services.

= The INTACT methodology includes telephone interviews and therefore it is crucial to obtain the
contact information to the involved road users as soon as possible. Uninjured or slightly injured
road users can be difficult to find in due time if the team is not on-scene.

= To draw a good accident sketch of the accident scene it is important to acquire as much
information of the involved vehicles trajectory, collision objects and their rest points as possible.
In retrospective investigations it can sometimes be difficult to find the exact accident spot.

= [n on-scene investigations it is possible to obtain information about the involved vehicles that
might be missing at the retrospective inspection such as technical accessories, child seats and
cargo.

From the group looking into pre-crash analysis methods the DREAM (Driving Reliability and Error
Analysis Method) [10] together with STEP (Sequentially Timed Events Plotting) [11] was
recommended. The group thought that these methods had a great potential for complementing each
other, thus providing a clear description of the chain of events and the factors leading to the accident.
However, after using both methods it was concluded that the STEP method was somewhat redundant
because it is a way of describing the chain of event which is also described by the accident summary
and the reconstruction of the accident. Therefore for the final working process only DREAM is used
for describing the contributing factors in the crash.

To meet the holistic viewpoint of accidents that INTACT aimed for, data collection about the human,
vehicle and road environment before the crash, in the crash and after the crash is required. The
diagram in Figure 2 shows an overview of the variables collected.
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Figure 2. Data variables groups, approximate number of variables in brackets

A number of routines were developed to support investigators during different parts of an investigation
and as an aid to standardizing how vehicle inspections, photos and sketches are carried out for quality
assurance. The photo routine describes how photos should be taken, both at an accident site and on
vehicle inspections. The accident site part includes instructions for accident scene, traces and marks,
run-in and run-out paths. The vehicle part describes a standardized way of taking external and internal
photos of cars, trucks and busses and photos of deformations and impact marks. The photo routine also
describes photo management, including how to remove identifying features from photos. The road
routine describes how the accident sketch should be conducted and what should be included in a
sketch for a number of different accident scenarios. The vehicle routine describes how a vehicle



inspection should be performed, from initial contact with workshop, safety precautions, preparations,
external and internal documentation and photo management at the office. The road user routine
describes five different processes which explain how contact with road users in accidents should be
established for collecting background data, information about pre-crash behaviour and the necessary
information to establish injury mechanisms and follow-up questionnaires for injured road users.
Additional routines handling the working environment for the investigators were also developed such
as safety on the scene of the accident and crisis management for investigators.

The INTACT manual, called the “INTACTwiki”, developed is available on-line to the partners and
includes the working process, the routines and the variables described above. Each variable has a short
description which is linked to the tool tips for the same variable in the INTACT system, a range of
allowed values and a long description. The definition also describe in which database table it is stored,
the database variable name, the introduction date and expiration date of the variable. Each variable are
prepared for a second language, in this case it is translated to Swedish. Photos are included where
applicable to clarify items like measurements.

The INTACT system developed is a web-based computer system which is one part of the working
process of INTACT. The system helps the investigators to input, analyse and store the collected data
and keeps track of what needs to be finalised in the investigation. The INTACT system includes input
rules for several variables which maintain high quality on the data stored in the database.

DISCUSSION AND CONCLUSION

The holistic view of INTACT accident investigations is mainly based on a compilation of existing
methods and standards for accident investigations. Some refinement of existing methods and some
new methodology developments have been carried out but hopefully the methodology can be easily
adjusted for European harmonisation.

The development of the INTACT system was delayed and this had great influence on the methodology
development since the methods could not be tested and evaluated properly without the system e.g. the
fill-out rate for variables was not easily assessed and the support from the system in the working
process could not be examined. It was desired to use handheld units for data collection but it was not
possible to develop these protocols before the database was in place. Coding errors cannot be directly
identifiable on paper protocols therefore the usage of handheld units for on-scene data collection and
vehicle inspections can shorten the investigation time, improve the data quality and reduce office work
to some extent.

Approximately 30% of the accidents collected in INTACT were not reported to the Swedish Traffic
Accident Data Acquisition (STRADA) by the police or emergency hospitals who report road
accidents. These results indicate that 30% of the cases have an accident severity of “uninjured”. Since
the investigations in INTACT is based on the notification from the emergency services with the injury
criteria “ambulance sent to the scene” accidents with no or minor injuries was investigated. It should
be further investigated how many persons travel by ambulance from the scene, how many persons that
are injured according to INTACT follow-up questionnaire and to what extent the police might
underreport road accidents with injuries.

To investigate the accidents retrospectively might give a better injury assessment for accident sample
but trials during the project showed that it was very difficult to retrieve information about the road
users, vehicles and the accident spot. However, the extent to which retrospective investigations has



been tested is quite limited in the project. Nevertheless, the cases from the two different investigation
methods shows that the on-scene investigations have a higher fill-out rate of variables.

One of the difficult issues during the project was how to make the measurements at the scene as
effectively and safely as possible. If the accident scene is cleared quickly on a heavily trafficked road
it can sometimes be difficult to take all the measurement needed to make the subsequent sketch.
Different measurement methods have not been tested fully and for example GPS based measurements
and partly-automated sketch drawing should be evaluated in future studies.

The identification of active safety systems and their activity status in the involved vehicles is very
important for their effectiveness assessment in real world. Currently there is no substantial method for
system identification/activation existing. In future activities methods on how to retrieve information
about system introduction date, the affected models with serial or extra equipment and relational
information on sensor fusion systems, etc. should be considered.

Interviews were conducted mainly over the telephone as it was found being the most efficient way.
Both telephone and face-to-face interviews were trailed initially, but there was however no qualitative
comparison made between the two methods.

The injury coding in INTACT depends on the approval of involved persons in returning the
permission to gather their medical records. If the permission is not returned or signed, medical records
cannot be used. On-scene approval or other methods might help to increase the feedback rate and
should be further investigated.
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