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ABSTRACT. This study focuses on identifying hidden potential suicide attempts by traffic accidents
(PSA-TA) in the Czech Republic by combining exploratory data analysis (EDA), classification algorithms
(KNN, XGBoost), and interpretability (SHAP) to design a predictive model capable of distinguishing
PSA-TA from ordinary fatal road traffic accidents (FRTA). The results of the analysis show that cases
of suicidal behaviour exhibit specific characteristics. Typically, these involve collisions with a fixed
obstacle outside residential areas, at times of low traffic, without the use of safety features, involving
a single vehicle, and often involving male drivers. Based on these characteristics, the model identified
13 cases from 2024 that are likely to bear the hallmarks of intentional behaviour, even though they
were officially recorded as ordinary FRTA. The results of the study confirm that advanced analytical
tools can be used to detect hidden suicidal behaviour ex post, thereby contributing to more accurate
statistics, forensic assessment of accidents, and the development of targeted preventive policies in
the areas of traffic safety and mental health. We also outline ethical aspects and key limitations of
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administrative coding, including potential misclassification.
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1. INTRODUCTION

This study focuses on identifying cases of potential
suicide attempts by traffic accidents (PSA-TA) within
fatal road traffic accidents (FRTA) in the Czech Re-
public. Given that official databases contain only
a limited number of cases in which the driver survived
and admitted suicidal intent, the aim of this study
was to uncover other probable cases that were for-
mally recorded as ordinary fatal accidents but, based
on an analysis, show significant similarities to con-
firmed suicide attempts. To achieve this goal, an
exploratory data analysis (EDA) was first performed,
which revealed characteristic patterns and differences
to ordinary FRTAs. The data were then transformed
using principal component analysis (PCA), and the
k-nearest neighbours (KNN) algorithm was applied to
the transformed data, which enabled the cases to be
classified based on their similarity to a reference set of
suicide attempts. To further confirm the results and
interpret the key variables, the XGBoost model was
used, whose outputs were explained using the SHAP
(SHapley Additive Explanations) method.

The results show that traffic accidents involving sui-
cidal behaviour have different characteristics to those
of ordinary FRTAs, in particular, involving single-
vehicle incidents, collisions with fixed obstacles, occur-
rence outside residential areas, in the early morning
or night hours, often without injury to other persons,
and with a low number of safety features used. The
model identified 13 cases that are highly likely to show
signs of intentional behaviour, even though they were
not formally classified as suicides.

The available literature shows that this topic re-
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mains underrepresented in research. Suicides in traffic
are either completely overlooked or hidden under the
broader category of traffic accidents, while suicidologi-
cal research generally focuses on other, more common
forms of suicidal behaviour. This study, therefore,
contributes to bridging this gap and highlights the
potential of data analysis as a tool for the early iden-
tification of risk cases.

The aim of this work is to contribute to a deeper
understanding of suicidal behaviour involving traf-
fic accidents in the Czech Republic. The analysis is
based on both the confirmed suicide attempts and
the FRTAs in which hidden intent is assumed based
on a data analysis. The work focuses on identifying
recurring patterns, characteristics, and factors that
can help distinguish intentional behaviour from or-
dinary accidents. In order to achieve the objective
of this study, the following research questions were
formulated:

1.1. RESEARCH QUESTIONS

e RQ1: What patterns of behaviour, time, and situ-
ational circumstances are typical of confirmed PSA-
TA?

Answering this question will help identify any
recurring characteristics of these events, such as
the time of the accident, day of the week, the type
of the vehicle, or the gender of the driver. This
information can be useful for the prevention and
early detection of similar cases in the future

e RQ2: Which variables in the predictive model have
the greatest influence on the classification of a case
as a probable PSA-TA?
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This question aims to identify the key factors
involved in predicting suicidal intent. The goal
is to determine whether there are patterns in the
data (e.g. number of participants, use of safety
features, location of the accident) that significantly
distinguish these cases from normal accidents and
can serve as input for the classification algorithm.

e RQ3: Based on the available data patterns and
predictive model, is it possible to identify traffic
accidents that are likely to represent a PSA-TA?

Resolving this issue will determine whether it is
possible to identify traffic accidents that are highly
likely to be suicide attempts based on the existing
data and the predictive model. If the model proves
to be sufficiently accurate, it can serve as a tool for
retroactively identifying accidents with a possible
suicidal motive, which would make it possible to
refine statistical reports, support preventive strate-
gies, and expand forensic analysis of these events.

2. LITERATURE REVIEW

Suicide is a complicated phenomenon caused by many
biological, psychological, social, and environmental
factors [1l 2]. According to the authors [3], approx-
imately 700000 people die by their own hand each
year. Although the suicide rate has been declining sig-
nificantly, up to 50 % for women since 1990, it is still
a serious social problem. In 2021, the total number of
cases was 746 000, 70 % of which were men [4]. There
are significant differences in the incidence and meth-
ods of suicide between countries, which are related to
cultural norms and the availability of lethal means [5].

According to the authors [6], who analysed 37 stud-
ies, the presence of any mental disorder increases the
risk of completed suicide by more than tenfold and
a previous suicide attempt by eightfold. Strongly as-
sociated with suicide is severe depression, borderline
personality disorder, or schizophrenia. Among non-
clinical factors, social isolation, unemployment, and
low socio-economic status appear to be the most sig-
nificant. This is corroborated by the authors, who
specifically equated unemployment and poverty as
the strongest predictors of suicidal behaviour. At the
same time, according to the authors [7], low income,
debt, or losing a job can lead to despair. Sociologi-
cal research has repeatedly confirmed the significant
influence of economic factors on the suicide curve.
Psychosocial stressors, such as divorce and relation-
ship strife, examined by [6], increase the likelihood of
suicide severalfold.

According to the authors [3], globally, there was no
statistically significant increase in completed suicides
during the first year of the pandemic compared to
previous trends. According to the authors [§], who
conducted large studies in 33 countries, suicide rates
in the first 9-15 months of the pandemic did not dif-
fer significantly from predictions. However, there is
a considerable variation between countries. For ex-
ample, in Japan, there was an increase in suicides

among women and younger population in 2020, prob-
ably due to a combination of socioeconomic impacts
and worsening mental health.

According to the authors [9], suicidal behaviour in
traffic can manifest in various ways. Examples include
deliberately directing one’s vehicle into an accident,
driving into oncoming traffic or a fixed obstacle, de-
liberately stepping in front of a moving vehicle, or
falling off a bridge onto the roadway. The authors [I0]
point out that the actual proportion of these cases
is probably higher than the official statistics indicate.
Road traffic suicides tend to be reported and disguised
as accidents. An international literature review by
the authors [I1] provides estimates that globally, in-
tentional self-harm by driving could account for about
1-8 % of all road traffic collisions.

According to the authors’ qualitative research [12],
which included interviews with people contemplat-
ing suicide by road traffic, this method is appealing
to many because it is quick, highly lethal, easily ac-
cessible, and the potential to be seen as a random
accident. This finding is supported by a study by the
authors [I3] from Australia, which showed that ado-
lescents with a history of self-harm had a 23 % higher
risk of road traffic accidents in subsequent years, even
after accounting for for common factors (age, alcohol,
experience). The authors explain that for some young
drivers, latent self-injurious tendencies may lead to
risky driving styles and accidents without a conscious
suicide attempt.

According to the authors [I4], it was the threat that
someone else might be killed or traumatised during
their attempt that represented a strong deterrent for
many respondents from intending to commit suicide
in this way. However, according to the authors [15],
there are known cases of a desperate driver delib-
erately driving into an oncoming car full of people.
Motivation may also be vindictive, in which case the
person chooses to die and takes other victims with
them, or hopes that their family will receive a life
insurance payout. The authors [I0] found that milder
methods were sometimes chosen out of compassion for
the survivors, but this leads to an underestimation of
traffic suicide statistics.

According to the authors [I6], road traffic accidents
involve many factors, but 80-95 % of traffic accidents
involve human factor. However, analyses of the causes
of fatal collisions show that a single cause cannot al-
ways be identified. Many circumstances contribute
to a traffic accident, from the driver’s momentary
distraction, their health and mental state, to expe-
rience, risk-taking tendencies, or external stressors.
According to the authors [I7], “risky drivers” have
certain personality traits, such as higher impulsivity,
aggressiveness, or, on the contrary, tendencies towards
depression and self-neglect, which can increase the like-
lihood of fatal accidents. Once a person has decided to
take their own life, vehicle safety can be the difference
between life and death. This was investigated by [18],
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whose results show that the newly available vehicles
are safer than older ones. Furthermore, the authors
of [T9] concluded that the price of a vehicle does not
play a major role in its safety. These two factors can
influence the overall numbers of successful suicides by
traffic accidents.

The authors [20] further highlight the role of vehi-
cle design and safety standards, by highlighting that
demographic parameters such as age and gender signif-
icantly influence the likelihood and pattern of traffic
accidents across regions. Their findings emphasise the
importance of incorporating demographic analyses
into traffic safety planning. Similarly, the authors [19]
investigated the relationship between a vehicle’s mar-
ket value and its safety ratings. Although one might
expect that more expensive cars would be safer, the
data suggest only a weak correlation between price
and safety, indicating that perceived value does not
necessarily equate to protection in critical situations.
Furthermore, the study by the authors [2I] presents
a practical approach to analysing railway traffic acci-
dents by proposing structured intervention plans for
crisis scenarios. This serves as an example of how pre-
ventive planning and response exercises can be used to
reduce the impacts of both accidental and intentional
transport incidents.

A systematic review by the authors [22] identified
younger age, low level of driving experience and educa-
tion, alcohol use, speeding, talking on the phone while
driving, not wearing protective equipment (helmets,
seat belts), and overall risky driving as the most com-
mon risk factors for crashes involving young drivers.
According to the authors [23], driving while fatigued
or distracted is also dangerous. A modern problem is
the use of mobile phones, where texting while driving
impairs attention so much that the risk of a crash
increases by up to 6 times. Another factor affecting
crash rates is the weather and outdoor conditions.
The authors [24] investigated traffic accidents where
light was considered an influencing factor and it was
found to be. However, the accident rate itself showed
interesting parallels.

Furthermore, in their review, the authors [25] found
that most published studies confirmed an increased
risk of traffic accidents among drivers with psychiatric
disorders. This is complemented by the authors [26],
who suggest that untreated psychosis, severe depres-
sion, or active addiction can lead to inattention and
slowed reactions, or to risky behaviour behind the
wheel, which stems from disturbances in the percep-
tion of reality.

3. METHODOLOGY

3.1. DATA

The data file used for this analysis of PSA-TA contains
75 confirmed cases recorded between January 1, 2019,
and April 30, 2025, which the police assessed as suicide
attempts (i.e. confirmed PSA-TA based on survivor
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admission). The data on individual accidents and their
factors were obtained via a filtered export from an
online database [27] that collects data from the Czech
Police accident database. All data are anonymised.

For the training cohort (A) we applied the database
filter corresponding to the administrative label “sui-
cide attempt”, which in practice appears only when
a survivor explicitly admits intent; these cases
are therefore confirmed non-fatal suicide attempts
through traffic accidents (PSA-TAs). After the ex-
port, we selected/engineered analytical variables for
(A) from the fields available in the registry (e.g. time,
location context, vehicle type, lane departure, and the
use of safety features). For the screening cohort (B),
we exported the complete census of fatal road traffic
accidents (FRTAs) for the year 2024, without any
intent labels. Some variables (e.g. alcohol/drugs for
deceased drivers) are not systematically available for
fatalities, and are therefore missing in (B); such fields
were not used in the comparative or SHAP analyses.

All values for FRTAs and confirmed PSA-TAs re-
ported in the text and figures are raw annual totals
(yearly counts) from the same export; they are not an-
nual averages or rates. Flagged fatalities are screening
signals produced by the model (trained on dataset A)
and do not constitute ground truth.

One of the main problems in analysing traffic ac-
cidents with a possible suicidal motive is the lack of
systematic recording of cases where the driver dies.
The police can only classify an accident as a suicide
attempt if the driver survives and admits their inten-
tion. In the case of FRTAs, this scenario is impossible.
Even if indicators of suicidal behaviour are discovered
later, this information is not recorded in the traffic ac-
cident registry. Statistically, only non-fatal accidents
are recorded, while the motive remains part of the
criminal investigation without affecting the aggregated
data [28].

Data on FRTAs in which we sought to identify
potential PSA-TAs were also obtained from the
database [27], where the data collection was carried
out in a similar manner, with the exception of vari-
ables such as alcohol or drug influence, as these data
are not monitored in traffic accident victims.

The Police of the Czech Republic classify incidents
as fatal accidents when a death occurs, and as sui-
cide attempts when the driver intentionally caused
the accident but survived and confirmed the intent
during investigation. The full list and definition of the
variables used in the analysis are presented in Table

3.2. EXPLORATORY DATA ANALYSIS (EDA)

In the initial phase, exploratory data analysis (EDA)
was performed to understand the basic characteris-
tics of the records and identify differences between
fatal accidents and suicide attempts. Temporal, demo-
graphic, and contextual variables were analyzed, such
as the time of the accident, type of collision, driver
age, seat belt use, and location. Qualitative data were
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Variable Description

Date Date of traffic accident
Day_of the week Day of the week

Time Time of accident (HH:MM:SS)
Region Region of occurrence

Type_of traffic_accident
Type of vehicle

Sex

In/Out city

Cause of accident
Number of cars involved
Age of vehicle

Age of person in car
Location

Seatbelt /Helmet

Drift / Lane departure

Accident type

Vehicle type involved
Gender of vehicle occupants
Localization (In, Out)
Primary cause

Vehicles involved

Vehicle age category
Driver age group

Vehicle location after crash
Use of safety gear
(Yes/No)

TABLE 1. Overview of variables used for modeling.

coded and numerical variables were standardized. Vi-
sualization and frequency analyses revealed recurring
patterns of behavior in suicide attempts, which were
later used to classify suspicious cases.

The exploratory analysis was followed by data pro-
cessing using dimensionality reduction and classifica-
tion. The aim of this phase was to identify patterns
of behavior corresponding to suicide attempts and to
reveal potentially hidden cases in the group of fatal
accidents.

3.2.1. PRINCIPAL COMPONENT ANALYSIS (PCA)

To ensure efficient data processing and eliminate re-
dundant correlations between variables, the principal
component analysis (PCA) method was used. This
transformation converted multidimensional standard-
ized data into a new space of smaller dimensions while
maintaining the maximum possible information vari-
ance:

Z=X-W, (1)
where:

X is the matrix of input (standardized) data,

W is the matrix of eigenvectors derived from the
covariance matrix,

Z is the projection of the original data into the
principal component space.

PCA facilitated the visualization of the data struc-
ture and improved the conditions for subsequent clas-
sification.

3.3. K-NEAREST NEIGHBORS (KNN)

The k-nearest neighbors (KNN) algorithm was applied
to the transformed data, which allows new records to
be assigned to known categories based on similarity to
the training set (in this case, suicide attempts). Each
record was classified according to the majority vote

of its nearest neighbors:

label(z) = majority vote{label(z;) |

; € nearesty(z)}.

(2)

The degree of similarity (distance) between points

was calculated using Euclidean metrics:

where:

2 is an unclassified vector (accident with unknown

outcome),

x; is a vector from the training set (suicide attempt),

n is the number of variables.

The output of the classification was a similarity
score and an indicator of whether the accident in
question exhibited characteristics consistent with cases

classified as intentional.

3.3.1. XGBOOST OBJECTIVE

In this study, we employ the XGBoost algorithm, a gra-

dient boosting framework that optimizes an objective
function combining a differentiable loss function and
a regularization term. The objective function at itera-
tion ¢ is formulated as:

£0 =3¢ (yi,gl(t‘” + ft(xi)) +Q(f), ()
1=1

where:
n denotes the number of training instances,
y; represents the true label for the i*" instance,

§§t71) is the prediction from the ensemble model

after ¢ — 1 iterations,
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fi(z;) is the newly added regression tree at itera-
tion t,

£ is a differentiable convex loss function measuring
the discrepancy between predicted and true values,

Q(f:) is a regularization term penalizing model com-
plexity to prevent overfitting.

The objective function formalizes the balance be-
tween fitting the training data and maintaining model
simplicity. By minimizing this objective iteratively,
XGBoost incrementally improves predictions while
controlling overfitting through the regularization term,
which is critical for achieving robust generalization on
unseen data.

The regularization term is defined as:

_ LN
Q(f) 'yT+2>\Zw], (5)

Jj=1
where:

T is the number of leaves in the tree,
w; denotes the weight of leaf j,

~ and A are hyperparameters controlling the regular-
ization strength.

Regularization discourages the model from becom-
ing excessively complex by penalizing the number of
leaves and the magnitude of leaf weights. This helps
prevent overfitting, improves model interpretability,
and enhances generalization performance, especially
when dealing with noisy or limited data.

To efficiently optimize the objective, a second-order
Taylor expansion of the loss function around the pre-
vious predictions is employed:

e(@/m 9+ ft(a?i))

- 1 (6)
~ é(yn@z(t U) + gife(zs) + §h¢ft(l’i)2,

where:
a0(y:, 9ty . .. .
;= % is the first derivative (gradient),
Yi
820(y;, 1) . . .
hy = 2908 ) s the second derivative (Hessian).

a2

Using the second-order Taylor expansion enables
XGBoost to leverage both gradient and curvature
information of the loss function. This results in more
accurate and efficient optimization compared to first-
order methods, allowing faster convergence and better
fitting of complex patterns in the data.

By minimizing this quadratic approximation com-
bined with the regularization term, XGBoost con-
structs each new tree to optimally reduce the overall
objective, thus progressively enhancing model perfor-
mance with each iteration.
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3.3.2. MODEL INTERPRETABILITY WITH SHAP

To interpret the feature contributions to each pre-
diction made by XGBoost, we used SHapley Addi-
tive exPlanations (SHAP). SHAP assigns each feature
a value representing its contribution to the final model
output. The explanation model is additive and defined
as:

M
fl@) =0+ > &, (7)
=1

where:

f(x) 1is the model’s prediction for input x,
¢o is the base value (mean prediction),

¢; is the SHAP value for feature 1,

M is the total number of features.

SHAP values allow for both global and local in-
terpretability by explaining how much each feature
contributes to a particular prediction. This helped
identify key variables linked with intentional behavior.

4. RESULTS

To understand the spatial distribution of fatal car acci-
dents and suicide attempts across the Czech Republic,
we analyzed incident counts per region, differentiating
between general fatal accidents and those classified
as suicide attempts. This distinction is crucial for
our model’s objective to detect potentially hidden
suicide attempts within the broader category of fa-
tal car accidents. The bar graph (Figure [1) presents
a comparative visual of these two incident types across
14 administrative regions.

The Central Bohemia Region recorded the highest
number of total incidents, with 61 fatal accidents and
a notable count of suicide attempts, suggesting a re-
gion of particular interest for further analysis. South
Moravian and Plzen regions also exhibited elevated
fatal accident rates (47 and 36 respectively), though
suicide attempts formed a smaller portion of those
totals. Regions like Liberec, Moravian-Silesian, and
Ust{ nad Labem showed a more balanced distribution
between the two categories, indicating possible over-
laps in features that may aid the classification model.
In contrast, Prague had relatively low numbers for
both categories. These regional patterns provide foun-
dational insight for evaluating the performance of the
model in distinguishing suicide-related cases among
fatal accidents.

To explore behavioral and contextual distinctions
between regular fatal accidents and suicide attempts
via traffic incidents, we analyzed accident occurrences
by vehicle type. This categorization is particularly
relevant for identifying patterns associated with inten-
tional crashes, as vehicle accessibility and perceived
lethality may influence individual behavior in suicide
attempts. Figure [2| presents the frequently both labels
normal accidents and suicides attempts are distributed
across various vehicle types.
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FIGURE 1. Distribution of fatal accidents and suicide attempts in individual regions of the Czech Republic.

Vehicle Type by Accident Label
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unknown

Passenger car

Type of vehicle

Fi1GURE 2. Classification of accidents by vehicle type
and classification into fatal accidents and suicide at-
tempts.

Passenger cars were overwhelmingly the most com-
mon vehicle type involved in both fatal accidents and
suicide attempts, with approximately 185 normal ac-
cidents and a significant proportion (around 70 cases)
attributed to suicide attempts. Followed by Motor-
bikes with over 80 incidents, though only a minimal
fraction were linked to suicide attempts. Notably,
trucks and unknown vehicle types appeared in both
categories, but in substantially lower numbers. Public
transport and non motorized vehicles (bikes, buses)
had negligible or no recorded suicide attempts. These
findings indicate that passenger cars represent the pri-
mary mode through which individuals engage in both
accidental and intentional high risk driving behavior,
a trend that warrants focused attention in subsequent

Suicide-Related Accidents by Sex
F

M

F1GURE 3. Distribution of suicide attempts by traffic
accidents according to sex.

model evaluation and discussion.

An analysis of the gender distribution among in-
dividuals involved in attempted suicide by traffic ac-
cident reveals significant gender inequality. The pie
chart shows that men account for the majority of
these incidents, while women represent only 11 %. The
significant predominance of men in cases of suicide
attempts using a vehicle points to the need for tar-
geted interventions focused on their specific behavioral
patterns. Psychological screening, crisis intervention,
and education focused on stress management may
be key to reducing the number of such cases among
men. The gender distribution of individuals involved
in attempted suicide by traffic accident is shown in

Figure [3|
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PCA plot with Suicide, Fatal Accidents and Suspicious Fatality
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FIGURE 4. PCA visualization of the distribution of suicide cases, suspicious accidents, and fatal traffic accidents.

To evaluate the representation of individual factors
in confirmed suicide attempts by traffic accident, a ta-
ble was created showing the percentage occurrence of
all monitored variables. Due to its size, it is included
separately in the appendices to this work.

In addition to the aforementioned gender, regional
distribution, and vehicle type, the table shows that
79 % of accidents involved a collision with a fixed ob-
stacle, most events took place outside of towns (86 %),
and 75 % of cases involved a single vehicle. Nearly
half of the individuals did not use a seat belt. Older
vehicles (over 15 years old) were involved in more than
half of the cases. In terms of time, accidents domi-
nated in the afternoon and evening hours, with more
frequent occurrences in the spring months. These
findings complement the profile of a typical suicide
attempt and can be used in the prediction and pre-
vention of similar events. Other variables, including
their percentage representation, are listed in a sepa-
rate table in the appendix for reasons of scope and
clarity.

For a deeper understanding of the causes of fatal
traffic accidents, a pattern analysis was performed us-
ing dimensionality reduction and classification, which
revealed that some cases officially labeled as Normal
(Fatal Traffic Accidents) or Suspicious Normal (fa-
tal accidents that, according to our analysis, show
similarities to suicidal behavior) share characteristics
with confirmed Suicide (Confirmed Suicide Attempts).
Figure [4 shows that suspicious cases are spatially clus-
tered near confirmed suicidal incidents, suggesting the
possibility of misclassification. This approach under-
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scores the importance of more detailed investigation of
the circumstances of fatal accidents for more accurate
identification and prevention of suicides.

After the grouping and classification phase, the
model identified a subset of fatal traffic accidents that
closely resemble known suicide attempts in terms of
their profile. Although these cases were not officially
categorized as suicides, they were flagged based on
their similarity to patterns commonly observed in
confirmed intentional incidents. This result supports
the hypothesis that certain deaths, originally consid-
ered standard or inconclusive, may require review due
to common behavioral and situational features with
suicide-related events.

The model identified 13 cases formally classified as
ordinary fatal accidents but showing a high probability
of suicidal behavior. All cases involved single-vehicle
accidents, often outside urban areas, at night or in
the early morning hours, and involving a collision
with a fixed obstacle. As a rule, no injuries were
reported and the drivers did not use seat belts. Some
records lacked important data, which complicates the
evaluation. Recurring patterns suggest that these
cases may have been intentional, highlighting the value
of predictive models in uncovering hidden risks in
traffic data.

To interpret the influence of individual variables on
the classification model output, we used the XGBoost
algorithm in conjunction with the SHAP method. The
model was trained on data containing both confirmed
suicide attempts and common fatal traffic accidents,
with SHAP values allowing us to quantify the im-
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FIGURE 5. SHAP analysis of key factors of suicidal behavior in accidents.

pact of each variable on the model’s decision-making.
In order to increase interpretability and emphasize
driver behavior and accident context, we deliberately
excluded variables such as region, day of the week,
and severity of injury from the analysis.

Both graphs in Figure [5] show the results of SHAP
analysis, which evaluates the influence of individual
variables on the classification of traffic accidents in
relation to suspected suicidal behavior. The left part
of the graph shows the dispersion of SHAP values
for each variable separately. Each point represents
one case from the test set, with the color of the point
indicating the value of the variable (red = high, blue
= low) and its position on the X-axis indicating the
impact on the model output. It is clear that, for exam-
ple, high values of the variable “multi-vehicle accident”
(red) strongly contribute to a lower probability of sui-
cidal behavior, while low values (blue) support this
output. The same is true for variables such as “skid”,
“seat belt/helmet”, or “off-road location”, which have
clearly defined directional effects.

The right side of the graph summarizes the average
absolute SHAP values for each variable, expressing its
overall importance in the model. The most influential
factor here is “number of vehicles in the accident”, fol-
lowed by the occurrence of skidding, the use of safety

features, and the location of the accident. Together,
these variables carry the most weight in the model’s
decision-making process and reveal the dominant pat-
terns that distinguish ordinary fatal accidents from
incidents involving intentional behavior.

5. DISCUSSION OF RESULTS

5.1. RQ1l: WHAT PATTERNS OF BEHAVIOR,
TEMPORAL AND SITUATIONAL
CIRCUMSTANCES ARE TYPICAL FOR
CONFIRMED SUICIDE ATTEMPTS BY
TRAFFIC ACCIDENT?

An analysis of confirmed cases of suicide attempts
by traffic accident revealed distinct patterns in both
behavior and spatiotemporal context. The most com-
mon day of occurrence was Sunday (20.8 %), followed
by Saturday (19.4 %) and Thursday (18.1 %), which
may reflect weekend psychological stress or a change
in routine. Most events took place outside the mu-
nicipality (86.1 %), which may be related to a lower
risk of detection or a preference for open space. The
dominant type of accident was a collision with a fixed
object (79.2%), most often a passenger car (88.9%).
In 75 % of cases, it was a single-vehicle accident, which
further confirms intentional behavior without the pres-
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ence of other participants. Driver error was cited as
the cause in 100 % of cases. The presence of older
vehicles was also significant, with 54.2 % of vehicles
being over 15 years old and a lower average driver age
(38.9 % were under 30 years old). The location of the
accident, mainly in the lane (48.6 %) or off the road
(40.3 %), confirms that the events occur without any
significant attempt at correction. Approximately half
of the drivers did not use a seat belt or helmet (48.6 %),
which again indicates an intention to minimize the
chance of survival.

This finding is consistent with the conclusions of
the authors [9], who identified typical forms of suicidal
behavior in traffic as crashing into a solid obstacle,
driving off the road, or driving into oncoming traffic,
with these incidents occurring more frequently in ar-
eas with lower traffic density. Similarly, [I0] point out
that fatal accidents of an intentional nature often show
patterns of single-vehicle involvement and the absence
of sudden evasive maneuvers. Furthermore, [I2] con-
firm in their qualitative study that many individuals
consider traffic suicide to be a “quick and conceal-
able” form of ending their lives, which explains the
preference for isolated, difficult-to-detect accidents.

5.2. RQ2: WHICH VARIABLES IN THE
PREDICTIVE MODEL HAVE THE GREATEST
INFLUENCE ON THE CLASSIFICATION OF
A CASE AS A PROBABLE SUICIDE
ATTEMPT?

The predictive model using the SHAP method identi-
fied key variables that have the most significant influ-
ence on the classification of cases as potential suicide
attempts. The greatest positive impact on the model’s
output was the involvement of multiple vehicles in the
accident (i.e. its absence increased the likelihood of
a suicidal nature). This was followed by factors such
as “drift”, the use of seat belts or helmets, the age of
the person in the vehicle (especially under 30), the
location of the accident off the road, and the older age
of the vehicle. These variables show consistent agree-
ment with the results of statistical analysis of cases
and confirm the presence of behavioral and techni-
cal indicators that can be associated with intentional
behavior with a higher degree of probability.

In contrast, other variables such as gender, the
location of the accident in the lane, or whether the ac-
cident occurred in or outside a built-up area had lower
predictive power and their influence on the model was
limited. This suggests that for prediction purposes, it
is more appropriate to focus on the specific circum-
stances of the accident rather than on more general
demographic characteristics. The findings support the
usefulness of predictive models in identifying atypical
and potentially suicidal traffic accidents, especially
when combined with detailed descriptive variables
related to driver behavior and the nature of the event.

These findings correspond with the results of a sys-
tematic which described young driver age, low driving
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skill, and non-compliance with safety measures as key
factors in increased risk. Furthermore, [2, 25] report
that the presence of psychiatric disorders, untreated
depression, or impulsivity can be strong predictors of
suicidal behavior, which may be secondarily reflected
in driving behavior. Furthermore [I3] empirically
demonstrates that young people with a history of self-
harm are 23 % more likely to be involved in a serious
traffic accident, which supports the results of this
model.

5.3. RQ3: CAN POTENTIAL SUICIDE ATTEMPTS
BE RELIABLY IDENTIFIED AMONG
ORDINARY TRAFFIC ACCIDENTS BASED ON
THE IDENTIFIED PATTERNS AND
PREDICTIVE MODEL?

Based on the predictive model created, which was
trained on confirmed cases of suicide attempts, its
use in classifying ordinary fatal traffic accidents was
subsequently tested. The results show that the model
was able to identify 13 cases out of all fatal accidents
in 2024 that bore strong similarities to previously an-
alyzed suicide attempts. In these cases, the degree
of suspicion was quantified, expressed as a percent-
age probability, with the highest suspicion reaching
over 80 %.

The model’s ability to effectively recognize patterns
in new data confirms its practical usefulness in the ex-
post analysis of fatal traffic accidents and highlights
the potential of this approach in the field of forensic
traffic analysis. Although it is not possible to confirm
the driver’s intent with absolute certainty in this way,
it is an essential tool for selecting cases that deserve
deeper psychological or criminological review.

The model’s ability to recognize patterns in new
data is significant in terms of forensic traffic analysis.
According to [I1 [29], a significant proportion of traffic
suicides remain hidden in official statistics, precisely
because of the absence of a direct admission of intent
or insufficient investigation of the circumstances of
the accident. Study [I5] also points to the role of
systemic hesitation to classify an incident as a suicide,
even when there are clear indications. In this context,
the predictive model represents a tool that can sup-
port the review of cases that would otherwise remain
undiagnosed.

6. CONCLUSION

The aim of this work was to identify potential cases
of suicidal behavior through traffic accidents in the
Czech Republic, based on data analysis combining
exploratory data analysis (EDA), classification algo-
rithms (KNN, XGBoost), and interpretation tools
(SHAP). The study set out to distinguish patterns of
behavior typical of confirmed suicide attempts from
common fatal accidents and, on this basis, to propose
a model for recognizing hidden cases.
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The results of the analysis showed that suicidal ac-
cidents have specific characteristics, most often involv-
ing collisions with a fixed obstacle outside a built-up
area in the morning or at night, where safety features
are not used and the accident involves a single vehicle.
Based on these characteristics, the model identified
13 cases that were highly likely to show signs of in-
tentional behavior, even though they were listed as
ordinary accidents in official statistics. The predictive
model showed stable performance, and the key vari-
ables corresponded to the results of previous research
in the fields of suicidology and traffic safety.

The contribution of this work is not only to map
a previously neglected phenomenon, but also to use
a tool that can serve as a basis for ex-post evaluation
of fatal accidents with the aim of revealing hidden
suicidal intent. This approach has the potential to
contribute to more accurate statistics, targeted pre-
vention, and forensic assessment of controversial cases.

The main limitations of the work include the limited
number of confirmed suicide attempts on which the
model was trained, as well as missing data in some
records. Furthermore, misclassification by law enforce-
ment agencies, which was reflected in the official data,
cannot be ruled out.

In the future, it would be appropriate to expand the
dataset with additional variables, including psycho-
logical and social factors, and to validate the model in
other geographical areas or periods. Cooperation with
the police and emergency services also appears promis-
ing, as it would make it possible to refine the recording
of accident motives and identify at-risk individuals
in a timely manner. Furthermore, an international
comparison with similar cases in Australia, Finland,
or Japan, where partial studies focusing on suicidal
behavior in road traffic already exist, is recommended.
Such comparative approaches could reveal culturally
conditioned patterns and contribute to the creation
of an internationally applicable system for the early
detection and prevention of these specific cases.

7. DATA AVAILABILITY STATEMENT

The detailed data and analyses are available in the
attachments [30].

Attachment’s first sheet summarizes the frequency
of factors involved in suicide attempts by traffic ac-
cidents, such as day of week, region, accident type,
vehicle type, and driver characteristics. Most cases
involve collisions with fixed obstacles, male drivers,
passenger cars, single vehicles, and occur outside city
limits due to driver error.

Attachment’s second sheet presents traffic accidents
with a high predicted probability of suicidal behav-
ior (>= 0.4), detailing factors such as date, time,
region, accident type, vehicle, and driver characteris-
tics. Most cases involve collisions with fixed obstacles,
predominantly male drivers, and occur outside city
limits due to driver error.
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