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Abstract 

Background  The classic accident reconstruction process is based on information recorded manually at the scene 
and gathered from witness statements. Liability cannot always be determined if no objective data are available, espe-
cially for accidents at traffic lights. Even Event Data Recorder (EDR) data (speed, braking, gas/brake pedal operation, 
etc.) will not improve the assessment of such a liability situation significantly, since vehicle movements cannot be 
synchronized in time with the phase plan of the intersection control. This problem could be solved if globally synchro-
nized time data (Global Navigation Satellite Systems) were available, or a camera recorded the signal of the given traf-
fic lights. In our study, the technology that goes beyond EDR data was defined as EDR+ data recording technology.

Aim  The aim of this article is to rank the assessability of different types of accidents through the statistical analysis of 
a publicly available database, taking into account the different data recording technologies.

Methods  An in-dept statistical analysis of 124 accidents and the corresponding liability investigations is pro-
vided. Also, analysis is carried out on estimated levels of assessability if modern data recording technologies had been 
applied for the same accident set.

Results  This study reveals the impact of the introduction, spread and wide application of the examined types of data 
recording technology on assessability. It is also explored what kind of data recording technology would be necessary 
to ensure the level of assessability required to establish liability for accidents.

Conclusion  The flexible framework presented here is suitable for comparing the assessability of road accidents 
according to accident type and data recording technology.

Keywords  Event Data Recorder (EDR), Accident data, Road accident assessability, Statistical analysis, Non-parametric 
tests

1  Introduction
The continuous enhancement of road safety is considered 
as one of the primary goals of both the World Health 
Organization (WHO) and the European Union (EU) [7, 
24]. Consequently, it is also a priority for Hungary to 
increase the level of traffic safety [10].

Moreover, advanced driver assistance systems and 
automated vehicle modules have excellent safety enhanc-
ing potentials, in line with international development 
goals [5]. Solely by allocating more resources to safety in 
the development process of modern vehicle and traffic 
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systems, accident risk is continuously decreasing [1, 9, 
15].

Despite diminishing accident risks, the deep analy-
sis of occurring accidents will still remain of utmost 
importance, so that their exact causes could be 
revealed, and thus the necessary interventions and 
development directions could be determined. Fur-
thermore, a detailed analysis of accident causes is also 
indispensable for answering the questions of liability in 
traffic accidents [6]. As a consequence, the collection of 
data on the causes of road collisions and their thorough 
analysis aiming to draw conclusions and to determine 
appropriate measures are also listed as important goals 
in the Valletta Declaration on Road Safety [5]: Points 3, 
8 g).

The degree to which the causal relations of accidents 
and consequently, the liability of parties can be assessed 
differs for various accident types [12, 22]. The complex-
ity of the causal chain increases as the automation level 
of vehicles is enhanced. Consequently, the role of the 
human factor in the driving process is to diminish, 
while the role of other factors is expected to increase. 
This may lead to a regrouping of liability relations (e.g. 
liability of the manufacturer, the supplier) [18].

The problem of liability is closely connected to acci-
dent reconstruction: based on well-established accident 
reconstruction calculations, liability can be determined 
with high certainty. The higher the quantity and quality 
of basic accident data are, the more assessable accident 
processes will be [4].

The present study explores the effects of basic data 
available for calculations and of data recording technol-
ogies on the accident reconstruction process, and thus 
on the possibility of determining liability. It is exam-
ined how assessability is expected to improve due to the 
introduction, spread, and wide application of certain 
data recording technologies. The types of data record-
ing technologies required to ensure the expected level 
of assessability are also determined.

After reviewing the relevant literature, the methods 
followed in this study are described, and the accident 
database [21] is introduced. The accident types are 
illustrated by example accidents. Then the influence of 
data recording technologies on the assessability of acci-
dents in our database is analyzed.

We have developed a methodological framework to 
evaluate the effects of future changes in accident forms 
and data recording technologies on accident assessabil-
ity. Accordingly, the new method makes it possible to 
investigate, e.g., new forms of accidents arising with the 
appearance of autonomous vehicles and the effects of 
new data recording technologies on accident assessabil-
ity [17].

2 � Data and methods
This section describes the structure of the database used 
for our analysis and the accident types. The statistical 
methods used are introduced. The aim of the analysis is 
to reveal how various data recording technologies might 
influence the assessability of road accident causes and 
processes. The following flowchart depicts the methodo-
logical steps of the present research (Fig. 1).

2.1 � Accident database
The databased used here was compiled from the data of 
124 accidents which we had examined earlier as foren-
sic experts [21]. The data in the database resulted from 
an in-depth analysis of the given accidents (full accident 
reconstruction, expert evaluation, simulation calcula-
tions, etc.), which in this form can be considered unique 
in this research field. Of course, more data would lead 
to a more accurate conclusion. At the same time, the 
applied statistical tests can also be used to comparisons 
of small sample sizes, so the conclusions drawn can be 
considered reliable.

2.1.1 � Accident assessability
Collisions were grouped according to how much the acci-
dent process can be reconstructed and how well the cause 
of the accident and the liability for it can be determined.

An accident process can either be

•	 fully assessable (can be reconstructed to the required 
degree);

1.

•Database creation from already available accident 
analyses (124 accidents).

2.
•Estimation of EDR and EDR+ data for each accident.

3.

•Comparison of the assessability of accident types with the 
Mann–Whitney Test.

4.

•Comparison of the assessability of the data recording 
technologies within accident types, with the Wilcoxon 
and the Kruskal–Wallis Tests with Bonferroni correction.

5.

•Comparison of the change in assessability of accident 
types according to data recording techniques with Mann–
Whitney Test.

Fig. 1  Steps of the methodology presented here
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•	 or not or just partially assessable (cannot be recon-
structed to the required degree).

The cause of the accident and liability could be

•	 determined;
•	 or not determined.

It must be highlighted that it is not the competence of 
the technical forensic expert to determine liability. From 
a technical point of view, liability is assessable if the cause 
of the accident can be determined, and a mistake in driv-
ing technique of the parties could be identified as a cause. 
Based on the above two parameters, accidents were put 
into one of the following four categories (Table 1).

•	 The assessability of a given accident is Level 1, if the 
accident process could not be reconstructed, or could 
be reconstructed only partially, and the cause of the 
accident or liability could not be determined.

•	 The assessability of a given accident is Level 2, if 
the accident process could be reconstructed to the 
required degree, but the cause of the accident or lia-
bility could not be determined.

•	 The assessability of a given accident is Level 3, if 
the accident process could not be reconstructed, or 
could be reconstructed only partially, but the cause of 
the accident or liability could be determined.

•	 The assessability of a given accident is Level 4, if the 
accident process could be reconstructed, and also the 
cause of the accident or liability could be determined.

2.1.2 � Analyzed accident data recording technologies
This research investigates the assessability of accidents 
not only by looking at data collected in the traditional 
ways, but also by testing how the assessability level would 
change if data collected by EDR technology were avail-
able. The availability of data recorded by highly advanced 
data recording technologies applied in highly automated 
vehicles was also tested. In addition to data types of the 
DSSAD (Data Storage System for Automated Driving—
video recordings, location, speed, and/or surroundings 

of a vehicle; [8, 20], further data types were considered 
which are required for controlling highly automated vehi-
cles, e.g. the data flow between the electronic control 
units (ECUs) have also been considered. This third data 
category, which is related to automatic vehicles (AVs), 
is labelled EDR+ in this article. The three categories are 
discussed in detail below. Additionally, we also checked 
what kind of data exceeding the EDR+ category would 
have been required to reach Level 4 assessability for the 
given accident.

In sum, the data available for the accidents analyzed 
were recorded using the traditional data recording 
technologies. After analyzing the assessability of each 
accident, it was determined how assessability values 
would change if more advance data recording technolo-
gies (EDR, EDR+, respectively) had been used. Con-
cerning the traditional (data recording technologies) 
category, in addition to data recorded at the accident 
scene by the police, data obtained later in the police 
investigation process (e.g. witness testimonies) were 
also considered.

2.1.3 � Accident types
The 124 accidents analyzed here proved that the assess-
ability of road collisions require categories that make it 
possible to separate factors that fundamentally influence 
assessability, such as: accident cause (e.g. roadway depar-
ture), location (e.g. crossroads with traffic lights) or the 
movement of the vehicle (turning or going straight). Thus 
the categories were established from the perspective of 
assessability. Naturally, not all theoretically possible acci-
dents can be fit easily into this categorization, but the 
overwhelming majority of cases can be assigned to one of 
the following types [13, 19].

1.	 Destabilization or roadway departure of a vehicle 
causes the accident.

2.	 A vehicle turning left collides with a vehicle overtak-
ing it.

3.	 A turning vehicle collides with another vehicle going 
straight.

4.	 Head-on collision occurs when a vehicle goes over to 
the lane serving the opposite direction.

5.	 At least one of the affected vehicles changes the lane 
immediately prior to the accident or during the acci-
dent process.

6.	 A rear-end collision occurs when a vehicle crashes 
into the one in front of it, or at least one of the vehi-
cles is backing.

7.	 For collisions in crossings with traffic lights, the col-
our of the lights at the time of the accident must be 
determined.

Table 1  Accident assessability levels

Accident cause liability Accident process

Not or partly 
determinable

Fully 
determinable

Not determinable Level 1 Level 2

Determinable Level 3 Level 4
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The aim of the categorization was to determine the 
major contributory factors that influence the assessability 
of a given accident. Although generally a given accident 
could be assigned to more than one category, each colli-
sion was put into the most characteristic group. Thus dis-
joint sets were created, each accident was assigned to one 
single category.

Explanatory figures and descriptions of the investigated 
types of accidents can be found in “Appendix 1”.

2.2 � Methodology
The examined data recording technologies (traditional, 
EDR, EDR+) are denoted T0, T1, and T2, respectively. 

As a starting point, all accidents in the database were 
assessed based on data recorded by traditional tech-
niques (T0). For the next steps, it was supposed that 
EDR (T1) and also EDR+ (T2) data were available. 
The accident process was determined again with the 
extended data sets, and the change in the level of 
assessability was determined.

The assessability of accidents was compared in sev-
eral ways. For the first three tests, a pairwise compari-
son of independent, non-normally distributed samples 
was carried out, by applying the Mann–Whitney Test 
[14, 16].

where n1 , number of elements in Sample 1; n2 , number 
of elements in Sample 2; R1 , sum of the ranks in Sam-
ple 1; R2 , sum of the ranks in Sample 2; U1 , test function 
value for Sample 1; U2 , test function value for Sample 1; 
Z , value of function approaching the normal distribution.

In Figs. 2, 3, 4, 5, 6, 7, 8, 9 below illustrate what catego-
ries were compared in the tests. The tests make it possible 
to reveal how assessability changes for a given accident 
type compared to other categories if data recording tech-
nologies develop. In the figures, individual columns rep-
resent the assessability of a given accident category, the 

(1)U1 = n1n2 +
n1(n1 + 1)

2
− R1

(2)U2 = n1n2 +
n2(n2 + 1)

2
− R2

(3)Z =
U −

n1n2
2

n1n2(n1+n2+1)
12

Fig. 2  Comparison of the assessability of one accident type to that 
of all the others, data are recorded traditionally. (Red—examined 
accident type, data recorded by T0; yellow—all other accident types, 
data recorded by T0.)

Fig. 3  Comparison of the assessability a given accident type, with EDR data recording and the average assessability of a type in the case of 
traditional versus EDR technologies. (Dark green—examined accident type, data recorded by T1; yellow—other accident types, data recorded by T0; 
light green—other types, data recorded by T1.)
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colours encode the data recording technology, which is 
also marked by labels T0, T1 and T2 (denoting traditional, 
EDR and EDR+ technologies, respectively).

For the comparisons, a given subset is chosen from 
the databased (e.g. Accident Type 1, T0 data recording 
technology), and assessability is compared to the rel-
evant total set (e.g. all accident types, T0 data recording 

Fig. 4  Comparison of the assessability a given accident type, with EDR+ data recording and the average assessability of a type in the case of 
traditional versus EDR+ technologies. (Dark blue—examined accident type, data recorded by T2; yellow—other types, data recorded by T0; light 
blue—other types, data recorded by T2.)

Fig. 5  Comparison of the assessability of data recording technologies for a given accident type. (Red—T0; dark green—T1; dark blue—T2.)

Fig. 6  The assessability of accident types according to data recording technology with Kruskal–Wallis Test. (Yellow—T0, green—T1, blue—T2)
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technology) and also to the relevant complementary set 
(e.g. Accident Types 2–7, T0 data recording technol-
ogy). In Figs. 2, 3, 4, 5, 6, 7, 8, 9, the dashed line repre-
sents comparison with the relevant total set, while the 
ellipsis illustrates comparison with the complementary 
set. In the course of our investigations, following the 
general methodology, we compared the investigated 
accident category with the group representing the pop-
ulation. During the comparison, the group represent-
ing the population may include all accident categories, 

including the investigated accident category (total set), 
or all accident categories without the investigated acci-
dent category (complementary set). To avoid drawing 
false conclusions, we performed both types of compari-
sons in our analyses.

At first, the assessability of the different accident 
types was compared to that of all the other accident 
types, given that data are recorded by T0.

Fig. 7  Comparison of pairs with a significant difference with Mann–Whitney Test. (Yellow—T0, green—T1, blue—T2)

Fig. 8  The assessability change (Δ) of accident types according to the development in data recording technology with Kruskal–Wallis Test. 
(Yellow—T0, green—T1, blue—T2)

Fig. 9  The comparison of significantly different changes (Δ) with the Mann–Whitney Test. (Yellow—T0, green—T1, blue—T2)
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Then, we compared the assessability of the different 
accident types concerning the average assessability for 
T0 and T1 techniques, respectively.

In the next test, we compared the assessability of 
the different accident groups concerning the average 
assessability of T0 and T2 techniques, respectively.

In the next step, we analyzed the deviation between 
T0 and T1, T2 data recording technologies by accident 
types.

The pairwise comparison of connected groups with 
non-normal distribution was carried out with the Wil-
coxon Test [23]: value pairs of the samples are matched 
with the signs of the difference between the sample 
value pairs, and sample values are summed, distinguish-
ing between negative and positive values ( W+,W−).

In order to rank the assessability of accident types, a 
group comparison was carried out for the various data 
recording technologies (T0, T1, T2). In order to diminish 
the probability of a Type I Error arising from the analy-
sis of multiple hypothesis, the results of the following 
pairwise comparisons were statistically corrected.

Similarly to the previous methodological step, to 
rank the change (∆ in Figs. 8, 9) in the assessability of 
accident types, a group comparison was carried out for 
the various data recording technologies (T0, T1, T2). In 
order to diminish the probability of a Type I Error aris-
ing from the analysis of multiple hypothesis, the results 
of the following pairwise comparisons were statistically 
corrected.

The Kruskal–Wallis Test was applied in order to com-
pare independent groups with a non-normal distribu-
tion [11].

where ni , is the number of elements in the ith sample; 
rij , is the rank (among all elements) of the jth element in 
the ith sample; N  , is the number of elements across all 
groups; ri. , is the average rank of the ith sample; r , is the 
average rank of all the rij in the unified sample; g , is the 
number of samples.

In order to minimize the Type I Error, the Bonfer-
roni Correction was used. The aim of the Bonferroni 

(5)W+
=

∑

Yi−Xi>0

Ri

(6)W−
=

∑

Yi−Xi<0

Ri

(7)W = W+
−W−

(7)H = (N − 1)

∑g
i=1

ni(ri. − r)2
∑g

i=1

∑ni
j=1

(rij − r)2

correction is the correct the unfavourable effect of the 
Type I error, which increases when comparing groups 
[2]. When multiple hypothesis tests are applied simul-
taneously, the probability of dropping the null hypoth-
esis erroneously. In order to avoid this, the significance 
level (α) is lowered proportionally to the number of 
hypothesis tests (m). Consequently, the null hypothesis 
is dropped if for the value pi of the ith hypothesis test 
( pi < α

m ) proves to be true.
The applicability of the Bonferroni correction is sup-

ported by the following inequity [3], where m0 marks 
the number of true null hypotheses.

3 � Results and discussion
3.1 � Evaluation of the current situation—traditional data 

recording
The following analysis compared the assessability of each 
accident type to that of the complementary set and the 
unified, total set. The rank averages of the examined sets 
were analyzed using the Mann–Whitney Test, as two 
independent groups were compared with non-normal 
distributions.

If the p value of the applied statistical test is lower than 
α = 0.05 (i.e. p < 0.05), the H1 hypothesis is accepted.

In the present case, Sample 1 is the set of the examined 
accident type, while Sample 2 is the complementary set, 
and the whole set of the accidents. The results of the sta-
tistical tests are given in Table 2.

The values in Table 2 prove that the assessability of cat-
egories 5 and 7 is significantly lower than that of other 
accident types and also than that of the whole set of acci-
dents for the T0 technique. Accidents occurring while 
lane changing or at crossings with traffic lights are con-
siderably less assessable than other accident types.

(8)

EF = P

{

m0
⋃

i=1

(

pi ≤
α

m

)

}

≤

m0
∑

i=1

{

P
(

pi ≤
α

m

)}

= m0

α

m
≤ α

Table 2  The assessability of accident types—T0—p values of the 
Mann–Whitney Test

Values below the significance level are indicated with an asterisk (*)

Accident type 1. Complementary set
p values

2. Total set
p values

1 0.9291 0.9209

2 0.2273 0.2584

3 0.9993 0.9915

4 0.2339 0.2584

5 0.007413* 0.02168*

6 0.5258 0.5222

7 0.03809* 0.05073*
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The reason for this is that the data recorded after the 
collision involving lane change are usually insufficient for 
determining the route of the given vehicle prior to the 
crash. At the same time, for determining the liability for 
the collision, it is crucial to decide which driver started 
the given maneuver earlier in a way that the other driver 
could sense it.

As for accidents in crossings with traffic lights, respon-
sibility crucially depends on the fact which driver entered 
the crossing when the traffic lights were green. However, 
the data recorded at the accident site are generally not 
sufficient for determining this.

3.2 � Forecast—EDR technology
The aim of this step of the analysis was to estimate how 
much accident assessability would increase if EDR data 
were available. For this, the assessability of a given acci-
dent type using T0 and T1 data was compared to the 
assessability of the complementary set without T1 data, 
and the total set without T1 data, respectively.

Furthermore, it is also estimated how assessability 
will increase when T1 technology is spread. For this, the 
above comparisons are carried out, but the availability 
of T1 data is supposed for all sets (i.e. the given type, 
the complementary set, the total set of accidents).

In Table 3, Columns 1 and 3 show the p value for the 
comparison of the assessability of the given accident 
type set with T1 data and that of the complementary set 
(without and with T1 data, respectively). Columns 2 and 
4 show the p value for the comparison of the assessabil-
ity of the given accident type set with T1 data and that 
of the total set (without and with T1 data, respectively).

For Type 5 accidents, the inclusion of T1 data would 
improve assessability (cf. Columns 1 and 2 in Table 2). 
This result is in line with expectations. EDR data make 
it possible to reconstruct the route of vehicles prior 
to the collision. Consequently, the accident is more 
assessable.

However, as for Type 7 accidents, even data provided 
by the T1 technology prove insufficient to determine 
which vehicle entered the crossing while the traffic 
lights were green or red. Consequently, the assessability 
of such accidents is not enhanced.

Moreover, due to the general improvement in assess-
ability owing to the EDR technology, the assessability 
of Type 5 (lane change) accidents is expected to stay 
below the general level of assessability (Columns 3 and 
4 in Table 3). The same columns prove that the assess-
ability level of Type 7 (traffic lights) accidents is not 
enhanced by the introduction of EDR technology.

3.3 � Forecast—EDR+ technology
The following step in the analysis aimed to explore the 
extent to which the availability of T2data would further 
enhance the assessability of accidents. In this process, 
the assessability of a given accident type using data from 
T0and T2 systems was compared to the assessability of 
the complementary set without T2 data, and the total 
set without T2 data, respectively. Furthermore, it is also 
estimated how the assessment of accident types would 
improve if T2 data were widely available. In this latter 
test, the assessability of a given accident type is compared 
to that of the complementary set and the total set pro-
vided that T0 and T2 data are available for each element 
of the sets.

In Table 4, Columns 1 and 3 show the p value for the 
comparison of the assessability of the given accident 
type set with T2 data and that of the complementary set 
(without and with T2 data, respectively). Columns 2 and 
4 show the p value for the comparison of the assessability 
of the given accident type set with T2 data and that of the 
total set (without and with T2 data, respectively).

For each examined accident type, the inclusion of T2 
data would make assessability satisfactory compared 
to assessability of T0 methods (cf. Columns 1 and 2 in 
Table  2). However, as the assessability of all accident 

Table 3  The estimated assessability of accident types with T1 data—p values of the Mann–Whitney Test—values below the 
significance level are indicated with an asterisk (*)

Accident type 1. Complementary set without 
EDR data

2. Total set without EDR data 3. Complementary set with EDR 
data

4. Total set 
with EDR 
data

1 0.9905 0.9892 0.6452 0.6397

2 0.9992 0.9996 0.555 0.5471

3 0.9999 0.9999 0.9954 0.9699

4 0.9939 0.9937 0.3884 0.3971

5 0.6849 0.8104 0.002481* 0.007259*

6 0.9999 0.9999 0.9091 0.8635

7 0.03809* 0.05073* 0.0009551* 0.00177*
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types increases if T2 data are available, the assessability of 
types 1 and 7 prove to be lower than the average assess-
ability of the whole set (cf. Columns 3 and 4 in Table 2). 
The reason for this is that some accidents belonging to 
these types cannot be fully reconstructed even if T2 data 
were available for all participants.

3.4 � Forecast—comparison of actual and future 
assessability by accident type

The next step of the analysis compared the assessabil-
ity of a given accident type according to the three data 
category: (i) T0; (ii) T0 + T1; (iii) T0 + T1 + T2. The two 
matched samples with non-normal distribution were 
compared using the Wilcoxon Test.

The results of these statistical test are given in 
Table 5. If the baseline assessability is not significantly 
lower than estimated assessability if T1 or T2 data are 
available, the values are underlined.

If data recording is expanded by the T1 technology, 
the assessability of accident Types 1 and 7 does not 
improve significantly compared to the baseline case.

As far as accident Type 1 is concerned, these col-
lisions can be assessed to a satisfactory degree even 
based on T0 data. Consequently, for a significant 
increase in their assessability, extra information is 
required, which cannot be obtained by EDR systems. 
Such data could be collected by further individual data 
recording systems (e.g. a driver monitoring system).

Concerning accident Type 7, the EDR system does 
not record data that would significantly enhance the 
assessability of such collisions compared to the base-
line case. However, owing to the GPS system, data col-
lected by the EDR+ technology ensures the satisfactory 
assessability for this accident type.

3.5 � Groupwise comparison of the assessability of accident 
types according to data recording technology

In the next step, the groupwise comparison of the assess-
ability of accident types was carried out: (i) T0; (ii) 
T0 + T1; (iii) T0 + T1 + T2. This comparison made it pos-
sible to rank the assessability of different accident types 
for a given data recording technology. In this case, the 
groupwise comparison of independent samples with non-
normal distribution was carried out, thus the Kruskal–
Wallis Test was applied.

As a multiple hypothesis tests were carried out, in 
order to diminish the probability of Type I error, the 
significance level of the test was determined using the 
Bonferroni correction. If the p value of the statistical test 
is lower than the corrected α (p < αcorr), the H1 hypoth-
esis is accepted. By comparing all possible sample pairs, 
it can be determined which pairs display a significant 
difference.

Table 6 shows the comparison of accident types accord-
ing to data recording technique:: (1) T0; (2) T0 + T1; (3) 
T0 + T1 + T2.

For T0, there is stochastic dominance between sam-
ples 3–5 and 3–7; i.e. the values for elements randomly 
selected from the population characterized by the 

Table 4  The estimated assessability of accident types with T2 data—p values of the Mann–Whitney Test—values below the 
significance level are indicated with an asterisk (*)

Accident type 1. Complementary set without 
EDR + data

2. Total set without 
EDR + data

3. Complementary set with 
EDR + data

4. Total 
set with 
EDR + data

1 0.9993 0.9992 0.000001369* 0.00007869*

2 0.9999 0.9999 0.8097 0.7896

3 0.9999 0.9999 0.9135 0.8707

4 0.9999 0.9999 0.1303 0.1678

5 0.9999 0.9999 0.8169 0.7954

6 0.9999 0.9999 0.8369 0.8115

7 0.9999 0.9999 0.04746* 0.07278*

Table 5  Assessability of different accident types according to 
the level of available data—p values of the Wilcoxon Test

Values over the significance level are indicated with an asterisk (*)

Accident 
type

1. Effect of the availability 
of EDR data (T1) on 
assessability

2. Effect of the availability 
of EDR + data (T2) on 
assessability

1 0.3002* 0.1352*

2 0.003158 2.13E-09

3 0.000233 2.287E-14

4 0.03634 0.0001338

5 0.01393 1.552E-09

6 0.0002826 2.576E-11

7 0.5296* 0.001293
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samples will be different. For T1, significant difference 
was found between four pairs: 3–5, 3–7, 5–6, and 6–7.

As for T2, for several pairs (2–3, 2–5, 2–6, 3–5, 3–6, 
5–6) the value of p is not a number (NaN): for samples 

with equal elements, in the mathematical formula of the 
statistical test the denominator will be 0. Thus, no differ-
ence can be supposed between them. In practice, these 
accident types become fully assessable in the T2 case.

3.6 � Comparison of sample pairs with stochastic 
dominance

Pairwise comparisons were carried out between those 
pairs that proved to display stochastic dominance with 
the aim to explore the relations between such pairs of 
accident types. If the p value of the statistical test is lower 
than α (p < α = 0.05), the H1 hypothesis is accepted.

Table 7 gives the results of the pairwise comparison of 
accident types: (i) T0; (ii) T0 + T1; (iii) T0 + T1 + T2.

The test results prove the following.

•	 Incase T1, Type 3 (turning vehicle) is more assessable 
than Types 5 (lane change) and 7 (traffic lights).

•	 In case T1, Types 3 (turning vehicle) and 6 (rear-end) 
would be more assessable than Types 5 (lane change) 
and 7 (traffic lights).

Table 6  Groupwise comparison of the assessability of accident 
types for various data recording technologies—the p values of 
the Kruskal–Wallis Test—values below the significance level are 
indicated with an asterisk (*)

Accident type 
pairs

1. p-value
T0

2. p-value
T1

3. p-value
T2

x1–x2 0.08912 0.8055 0.00482*

x1–x3 0.6153 0.6777 7.9E-05*

x1–x4 0.2141 0.6221 0.1551

x1–x5 0.05644 0.04283 0.00386*

x1–x6 0.08328 0.8381 0.002*

x1–x7 0.06371 0.03524 0.3315

x2–x3 0.01947 0.2682 NaN

x2–x4 0.8842 0.7592 0.1888

x2–x5 0.2987 0.03554 NaN

x2–x6 0.4851 0.4917 NaN

x2–x7 0.2894 0.01461 0.09945

x3–x4 0.07346 0.1865 0.06308

x3–x5 0.00129* 0.00042* NaN

x3–x6 0.04488 0.7461 NaN

x3–x7 0.00538* 0.00082* 0.01981

x4–x5 0.5128 0.06554 0.1775

x4–x6 0.5055 0.3517 0.1482

x4–x7 0.6038 0.01463 0.7397

x5–x6 0.07678 0.00477* NaN

x5–x7 1 0.02732 0.09097

x6–x7 0.06393 0.00545* 0.06989

αcorr 0.007143

Table 7  Pairwise comparison of the assessability of accident 
types for various data recording technologies—the p values of 
the Mann–Whitney Test

Accident 
type pairs

1. p-value
traditional 
data

2. p-value
EDR data

3. p-value
EDR + data

4. Relation 
between 
accident type 
pairs

x1–x2 – – 0.003029 x1 < x2

x1–x3 – – 0.001556 x1 < x3

x1–x5 – – 0.002424 x1 < x5

x1–x6 – – 0.001248 x1 < x6

x3–x5 0.0005099 0.00001499 – x3 > x5

x3–x7 0.002868 0.0001956 – x3 > x7

x5–x6 – 0.002497 – x5 < x6

x6–x7 – 0.002959 – x6 > x7

Table 8  Groupwise comparison of the change in assessability 
of accident types according to data recording techniques—p 
values of the Kruskal–Wallis Test

Values below the significance level are indicated with an asterisk (*)

Accident 
type pairs

1. p value
traditional—
EDR change

2. p value 
traditional –
EDR + change

3. p value
EDR—EDR + change

x1–x2 0.2553 0.00316* 0.091

x1–x3 0.3931 0.01472 0.2115

x1–x4 0.2925 0.03525 0.1172

x1–x5 0.5173 0.00404* 0.00052*

x1–x6 0.1936 0.00103* 0.1936

x1–x7 0.2367 0.05703 0.02451

x2–x3 0.4477 0.01947 0.2682

x2–x4 0.9238 0.7336 0.8803

x2–x5 0.5932 0.2987 0.03554

x2–x6 0.9323 0.4851 0.4917

x2–x7 0.0297 0.6833 0.0679

x3–x4 0.4894 0.1943 0.4296

x3–x5 0.977 0.00129* 0.00042*

x3–x6 0.33 0.04488 0.7461

x3–x7 0.0452 0.0606 0.00762

x4–x5 0.6091 0.2967 0.02236

x4–x6 0.9673 0.9284 0.6437

x4–x7 0.04399 0.6791 0.05512

x5–x6 0.508 0.07678 0.00477*

x5–x7 0.1084 0.6523 0.1829

x6–x7 0.01633 0.3254 0.02969

αcorr 0.007143
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•	 In case T2, most accident types would be better 
assessable that Type 1 (destabilization).

3.7 � Groupwise comparison of the change in assessability 
of accident types according to data recording 
techniques

Groupwise comparison makes it possible to rank accident 
types according to the extent of change in assessability 
for a given data recording technology. Thus, independent 
samples with non-normal distribution were compared by 
the Kruskal–Wallis Test, combined with Bonferroni cor-
rection, in order to minimize the probability of Type I 
error during the multiple hypothesis test.

Table 8 shows the comparison of accident types accord-
ing to data recording technique:: (i) T0; (ii) T0 + T1; (iii) 
T0 + T1 + T2.

Data in Column 1 prove that if EDR data are intro-
duced alongside data recorded by traditional techniques, 
changes in assessability do not significantly differ for the 
different accident types.

As for Column 2, if even EDR + data are available, the 
change in assessability compared to that if only tradition-
ally recorded data are provided, significantly differs for 
some pairs: stochastic dominance is witnessed for pairs 
1–2, 1–5, 1–6 and 3–5.

As regards the change in assessability between the 
cases with EDR and EDR + technology (Column 3), sto-
chastic dominance is present in pairs 1–5, 3–5, and 5–6.

3.8 � Comparison of sample pairs with stochastic 
dominance

For the next test, only those pairs were considered in 
which the previous test found stochastic dominance in 
order to reveal the relation between those accident types. 
The independent samples with non-normal distribu-
tion were compared using the Mann–Whitney Test. If 
the p value for the statistical test proves to be lower than 
α = 0.05, the H1 hypothesis is accepted.

Accident types are compared according to data record-
ing technique in Table 9: Column 1 depicts the estimated 
change in assessability if T1techniques are introduced; 
Column 2 shows results for T0 + T1 + T2 compared to 
T0; while Column 3 illustrates the estimated change in 
assessability between cases with T1 and T2 data.

The following statements can be made based on the 
above results.

•	 If EDR data are made available, the change in assess-
ability of no accident type is significantly bigger than 
that of any other accident type.

•	 If EDR + data are available, the change in assessability 
compared to traditional data recording techniques is 
significantly bigger for Types 2, 5 and 6 than for Type 
1. Furthermore, the change for Type 5 is significantly 
bigger than for Type 3.

•	 The change in assessability is significantly bigger for 
Type 5 than for Types 1, 3 and 6.

4 � Conclusion
This study compared the levels of assessability of various 
road accident types with a series of statistical tests. The 
presented framework also makes it possible to examine 
how the assessability is expected to improve by the intro-
duction of modern data recording technologies. Besides, 
our method contributes to the identification of the ade-
quate data recording technology to achieve the required 
level of assessability.

The assessability of seven road accident types for foren-
sic accident reconstruction was explored, using data 
from a collection of 124 real accidents in Hungary. Four 
assessability levels were established, and 7 accident types 
were set up. In addition to comparing the assessability of 
the various types, it was also estimated how assessabil-
ity would change if data from new technologies (EDR; 
and EDR+, i.e. technology used by autonomous vehicles) 
were available.

Table 9  Pairwise comparison of the change in assessability of accident types according to data recording techniques, compared to 
traditional and EDR technologies

The p values of the Mann–Whitney Test

Compared accident type 
pairs

1. p value
traditional—EDR change

2. p value
traditional—EDR+ change

3. p value
EDR—EDR+ change

Accident type 
pairs—results

x1–x2 – 0.001834 – x1 < x2

x1–x5 – 0.002288 0.0003094 x1 < x5

x1–x6 – 0.0006014 – x1 < x6

x3–x5 – 0.0003691 0.00004055 x3 < x5

x5–x6 – – 0.002497 x5 > x6
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The results prove that accident assessability consider-
ably improves if EDR technology is applied in addition to 
traditional data recording technologies. If EDR+ data are 
also present, the assessability of each accident type would 
be satisfactory. As the assessability of each accident type 
grows owing to the EDR+ data, the assessability of acci-
dents in Type 1 (roadway departure) and 7 (at traffic 
lights) does not reach the average. The reason for this is 
that some of the accidents in these sets could not be fully 
assessable (i.e. Level 4) even if EDR+ data were present.

Our evaluation proved that even if modern data record-
ing technologies are applied, the assessability of accidents 
involving roadway departure (Type 1) and of accidents 
at traffic lights (Type 7) does not improve significantly 
compared to the case when only traditional data record-
ing is used, as only information beyond data recorded by 
modern technologies could ensure full assessability (e.g. 
the physiological parameters of the drives for roadway 
departure).

In the next step, the groupwise comparison of the 
assessability of accident types was carried out according 
to various data recording techniques. The aim of this test 
was to rank the assessability of accident types for each 
data recording technology.

It is impossible to rank all accident types, as significant 
differences in assessability were found only for certain 
relations.

Finally, the groupwise comparison of the change in 
assessability for each accident type was completed to 
rank accident types according to the change in their 
assessability due to the introduction of modern technolo-
gies. This change did not prove to be significant for any 
type if only EDR technology is introduced. However, the 
inclusion of EDR+ data showed a lower change in assess-
ability for roadway departure (Type 1) for other accident 
types. Furthermore, the assessability change for Type 5 
(lane change) accidents in the EDR+ and EDR compari-
son is significantly higher than for several other accident 
types.

In conclusion, the above analyses proved that the 
assessability of some roadway accident types significantly 
differs from that of other types if only traditional author-
ized data recording technologies are applied (T0). This 
evaluative analysis supports the assumption that if mod-
ern data recording technologies (EDR, EDR+) widely 
spread (cases T1 and T2, respectively), the assessability of 
all accident types will increase. However, for some acci-
dent types full assessability cannot be reached. In order 
to enhance the assessability of these accident types, fur-
ther data recording devices and techniques should be 
introduced. When choosing new methods, it is advis-
able to take into consideration how the application of the 
novel devices would affect the assessability of accidents. 

These effects vary according to device and accident type. 
The introduction of proper data recording technolo-
gies could enhance these methods’ level of usefulness to 
society.

In order to reach the appropriate assessability level of 
the examined seven types of accidents, in five cases, the 
traditional data recording technologies used today and, 
in some cases, the increasingly widespread EDR data 
recording technology are sufficient. At the same time, 
for Types 5 and 7, not even the EDR data recording tech-
nology can ensure adequate assessability; and in some 
cases, technologies beyond EDR+ would be necessary to 
achieve adequate assessability.

This research assumed that all the vehicles involved in a 
given accident were equipped with the same data record-
ing technology. Thus it would be an important to exam-
ine those cases where the data recording technology of 
the vehicles is different since this difference may result 
in differences between the assessability of the accident 
forms.

For accidents involving highly automated vehicles, 
the use of EDR+ data recording technology is essential 
to ensure adequate assessability. Furthermore, with the 
further increase of the level of automation and the emer-
gence and spread of autonomous systems, new types of 
accidents will result in the development and use of new 
analysis and data recording methods.

Appendix 1
Sample accidents
Below, each of the above categories is illustrated by a real 
accident which can be regarded as a typical example of 
the given category. In the descriptions, only relevant acci-
dent data are given, and personal data or any information 
referring to personal data are not shared.

Destabilization, roadway departure
The sample collision happened in a crossing with traffic 
signs. The driver driving on the main road noticed that 
the vehicle obliged to give way had dangerously entered 
the main road. The driver of the vehicle on the main road 
(blue) steered left, right and left again, and thus the vehi-
cle got destabilized. Consequently, the vehicle drifted to 
the left-side crash barrier. The reconstructed accident is 
shown in Fig. 10.

Data serving as a basis for accident reconstruction 
were obtained in the traditional way. In cases similar to 
this one, in addition to the above reconstruction of the 
accident, it is also necessary to know the movements of 
the vehicle from the side road (red), both in space and 
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time. Thus, it must be known when and how far the red 
car entered the crossing. The critical question is whether 
the avoidance manoeuvre was justified or not. In sev-
eral cases, when traditional data recording methods are 
used, no such information is available. Consequently, the 
assessability of the accident is only Level 1.

If the vehicles had been equipped with an EDR sys-
tem, the determinability of the accident cause and thus 
the assessability of the accident would not have changed 
significantly. The reason for this is that it is necessary 
to know how the two vehicles moved compared to each 
other in time to be able to determine the exact reason of 
the accident. This is only possible if EDR + data are avail-
able, which would ensure a Level 4 assessability for this 
accident type.

Collision of a vehicle turning left with a vehicle overtaking it
In the sample accident, the car (blue) intended to over-
take the construction vehicle (green) which was turning 
left, and the car crashed into it. The reconstructed colli-
sion is shown in Fig. 11
.

Data serving as a basis for accident reconstruction were 
obtained in the traditional wayTo determine the cause of 
the accident, it is also required to find out which driver 
started the manoeuvre earlier in a way that it could be 
noticed by the other driver. Thus, the position of the 
overtaking vehicle must be known for the moment when 
the construction vehicle started to turn left: was it visibly 
already in the overtaking position, or was it approaching 
the vehicle to be overtaken in its own lane?

Traditional data recording techniques generally pro-
vide sufficient data for the reconstruction of the collision. 
However, vehicle movements before the collision can 
only partially be determined. Consequently, these type 

Fig. 10  Sample accident 1—destabilization

Fig. 11  Sample accident 2—collision of a vehicle turning left and another one overtaking it
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of accidents generally belong to the Level 1 assessability 
category.

In the presence of EDR data, the track of the vehi-
cles prior to the crash can be calculated. What is more, 
EDR + technology is able to record the exact route. Con-
sequently, the availability of EDR data enhance assess-
ability, while the use of the EDR + technologies could 
result in Level 4 assessability.

Collision of a turning vehicle with a vehicle driving straight
In the sample accident, a car going straight (blue) crashed 
into a car turning left (green). Figure 12 shows the recon-
structed collision.

Data serving as a basis for accident reconstruction 
were obtained in the traditional way. Traditional data 

recording techniques generally provide sufficient data 
for the reconstruction of such a collision. Consequently, 
the assessability of accidents in this category is typically 
Level 3 or higher.

If the vehicles are equipped with EDR or EDR + sys-
tems, the movement of vehicles and their relative posi-
tion can be determined more accurately, and thus the 
movement processes of the accident can be fully and 
accurately reconstructed. Therefore, the assessability of 
the accident could reach Level 4.

Head‑on collision
The accidents in this category happened when one of the 
vehicles went over to the opposite lane (Fig. 13).

Fig. 12  Sample accident 3—collision of a vehicle turning left and a vehicle going straight

Fig. 13  Sample accident 4—head-on collision
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Data serving as a basis for accident reconstruction 
were obtained in the traditional way. In order to reveal 
the causes of the accident, it is necessary to determine in 
which lane the collision happened, and which driver went 
over to the opposite lane and how. Thus, it is also neces-
sary to determine the track of each vehicle prior to the 
crash.

Traditional data recording techniques generally pro-
vide sufficient data for the reconstruction of the collision. 
However, vehicle movements before the collision can 
only partially be determined. As a result, the assessability 
of accidents in this category is usually Level 1 or 2.

EDR data make it possible to calculate the route of 
the vehicles before the collision. If EDR + technology 
is applied, the exact route is recorded. As a result, the 
availability of EDR data improve assessability, while 
data recorded by EDR + technologies could enhance 
assessability to Level 4.

Lane change
This category contains accidents in which at least 
one of the vehicles changed lanes either immediately 
before the collision or during the accident process 
(Fig. 14).

Data serving as a basis for accident reconstruction 
were obtained in the traditional way. It is necessary to 
determine whether the lane change manoeuvre of one 
vehicle could be noticed by the other driver within or 
outside of the stopping distance. To achieve this, in 
addition to the reconstruction of the collision process, 

it is also necessary to determine the track of each vehi-
cle prior to the crash.

Traditional data recording techniques generally 
provide sufficient data for the reconstruction of the 
collision. However, vehicle movements before the col-
lision can only partially be determined. As a result, 
the accident process usually cannot be reconstructed 
or can only partially be reconstructed. Consequently, 
the assessability of accidents in this category is usually 
Level 1 or 3.

The track of the vehicles before the crash can be 
calculated if EDR data are given. Moreover, the exact 
route can be recorded by EDR+ technology. Thus, 
while the availability of EDR data enhance assess-
ability, with the application of the EDR+ technologies 
Level 4 assessability might be reached.

Backing/rear‑end collision
This category comprises those accidents in which at least 
one of the vehicles was backing or one vehicle crashed 
into the other one from the back, going in the same 
direction (Fig. 15).

Data serving as a basis for accident reconstruction were 
obtained in the traditional way. In such cases, it is also 
necessary to determine the track of each vehicle prior to 
the crash.

With traditional data recording techniques, vehi-
cle movements before the collision can only partially 
be determined. As a result, the accident process usu-
ally cannot be reconstructed or can only partially be 

Fig. 14  Sample accident 5—lane change
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reconstructed. Consequently, the assessability of acci-
dents in this category is usually Level 1 or 3.

EDR data would make it possible to calculate the 
vehicle routes prior to the collision. EDR + technology 
is capable of recording the route precisely. As a conse-
quence, assessability may be improved by using EDR 
technologies, while EDR+ technologies could enhance 
the accuracy of assessability to Level 4.

Traffic lights
The collisions in this category happened in crossings with 
traffic lights, and it was a question what colour the lights 
were for the vehicles immediately before entering the 
crossing (Fig. 16).

With traditional data recording techniques, both the 
accident process can be reconstructed and the vehicle 
movements before the collision can be determined. How-
ever, in order to be able to determine liability, the real 
colour of the traffic lights immediately before the crash 

Fig. 15  Sample accident 6—rear-end collision

Fig. 16  Sample accident 7—collision at traffic lights
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must be known. Consequently, the assessability of acci-
dents in this category is usually Level 2 or 3.

Even if the vehicles are equipped with an EDR sys-
tem, the cause of this accident type cannot be deter-
mined more accurately; thus, assessability would not 
change considerably compared to that of accidents 
recorded with traditional techniques. The reason for 
this is that it is crucial to determine what sign the traf-
fic lights showed for the accident parties. This is only 
made possible if EDR+ data are available, which could 
result in Level 4 assessability.
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