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This study aims at exploring the road rage behavior using extreme legal cases of Korea. This study uses a topic
modeling algorithm with a text embedding technique to classify the road rage by characteristics (i.e., type,
behavior, damage, punishment, and context). We collected 39 representative cases of the road rage from pre-
cedent data in Korea. We used nominalizing keywords and a latent Dirichlet allocation (LDA) algorithm of topic
modeling among text mining techniques to analyze each case’s criminal facts and punishment. After pre-
processing by indexing with a coherence score, we set the appropriate number of topics. Through the study, it
was confirmed that the model has the highest explanatory power with five topics. We further analyze the five
topics for occurrence and subsequent road rage, method of realizing road rage, psychological state of the of-
fenders during road rage, method of collecting evidence of road rage, and type and extent of the damage. By
categorizing the keywords, we derive the road rage cases by type. Through this study, precedents dealing with
criminal cases of road rage were analyzed to derive the types and causes of retaliatory driving. This result is

expected to be used as basic data for the enactment of road rage policies and laws in the future.

1. Introduction

Mobility and accessibility are becoming more important than ever in
a rapidly changing modern society. aftermath, individual demand for
vehicles is increasing day by day. According to statistics between 2011
and 2020 in Korea (Korea Ministry of Land, 2021), the number of car
registrations increased by 5.93 million and the number of license holders
increased by 5.94 million. However, besides the increasing number of
vehicles and drivers’ licenses each year, traffic crimes are also steadily
increasing. Among them, the incidence of violent protests from other
drivers and criminal acts that cause mental and material damage using
automobiles is increasing (Lee, 2021). Such acts became popular in the
1990 s when the United States and Canada media began to report them
as road rage (Asbridge, 2006). Road rage has been defined in a variety of
ways. Shinar (1998) defined it as hostile behavior toward other road
users, such as tailgating or intentional collisions. Smart et al. (2003)
defined it as a malicious attempt to feel pleasure from the other driver
while driving and threaten or injure the other person. Also, road rage
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was defined as follows by NHTSA (National Highway Traffic Safety
Administration) “an assault with a motor vehicle or other dangerous
weapon by the operator or passenger of one motor vehicle or precipi-
tated by an incident that occurred on a roadway” (Shinar, 1998). In
summary, in the Western world, the term road rage is defined as a traffic
offense that drives to the extent that it harms a person’s body or assets
(Kim, 2018). Similarly, according to the Korea Highway Traffic Au-
thority, road rage is defined as any act of threatening or fearing the other
party by intentionally using a car in the wake of a dispute on the road
(Korea Road Traffic Authority., 2021). In this regard, we tried to un-
derstand the fundamental characteristics of road-raged, such as how
road-raged crimes occurred in Korea and what factors occurred. Ac-
cording to the recent road rage arrests by the Korean National Police
Agency (Agency, 2021), the number of road rage cases increased from
4,400 in 2017 to 5,500 in 2019, an increase of more than 1,000 cases.
However, despite increasing annual road rage cases, the prosecution
rate against road rage is gradually decreasing from 55 % in 2017, 43 %
in 2018, and 41 % in 2019 (Yoo, 2020).
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The American Automobile Association Foundation for Traffic Safety
(American Automobile Association Foundation for Traffic Safety, 2013)
examined road rage in the United States. It confirmed at least 218 ho-
micides were associated with road rage, and 12,610 cases resulted in
injuries. In the United States, guns are often involved in road rage. The
trend of increasing retaliatory driving using firearms is accelerating as
shown in Tablel. In the United States, there were 616 cases of road rage
involving firearms until 2016, and after that, there were 353 additional
cases by May 2021. Furthermore, people’s stress factors are worsening
due to the prolonged COVID-19 (Lena et al., 2021). This factor increases
the violence of road rage.

As such, automobiles are ‘dangerous objects’ that one can mobilize
for felony crimes, and the risk of criminal activity using them is very
substantial. However, in Korea, the number of indictments in cases is
less than half of actual rage road cases (Choi et al., 2020). They are dealt
with as summary trials in most cases, and complaints end with a
misdemeanor punishment. The Criminal Act judges road rage which has
a new punishment clause in the Road Traffic Act since 2016. The Korean
National Police Agency officially managed the application of the law and
the results of trials in 2017 as shown in Table 2. This study is a starting
point for case studies related to road rage. It explores how the Korean
courts have been making judgments on road rage cases up to the present
time in 2021. Cong et al (2021) demonstrated that attributes related to
drivers such as gender, age group, education, driving years, professional
or not, daily driving hours, and vehicle type are correlated to road rage
behavior. In order to investigate more factors related to road rage in this
study, including factors that indicate the attributes of drivers, it was
intended to target on real cases rather than survey-based ones. There-
fore, we analyze the contents specified in the precedents and check the
context of the road rage cases leading to a formal trial, including the
damage or punishment of road rage using the topic modeling algorithm
during text embedding (Table 3).

2. Literature review

As retaliatory driving emerged as a social problem, various relevant
studies have been conducted. Psychological studies have been con-
ducted on the causes of retaliatory driving, negative emotions such as
shame, distress, nervousness, and broken heart aligned with driving
behavior (Kwon & Oh, 2013). Additionally, attention was paid to the
relationship between aggressive driving behavior, aggression, and
impulsivity (Berdoulat et al., 2013; Krahé and Fenske, 2001). Also, a
comparative study was carried out on aggressive driving behavior,
emotions, and anger toward aggressive driving. It confirmed that socio-
cultural differences are important in order to understand driving
behavior as well (Feng, Lei, Liu, Kumfer, Zhang, Wang & Lu, 2016;
McLinton & Dollard, 2010). Drivers on the road react to situational and
environmental factors too. It can be imagined the situation in which
stress increases when driving in heavy traffic (Deffenbacher et al.,
2003). Aggressive driving behavior appears in poor road condition. It
was found that congested road was a factor increasing reckless driving

Table 1
Status of Road rage incidents involving a gun and % of Incidents Resulting in
Injury or Death in the United States.

Year Road Rage Incident % of Incidents Resulting in
with a Gun Injury or Death
2016 616 34 %
2017 661 34 %
2018 645 33%
2019 694 39 %
2020 701 48 %
2021 353 51 %
(Through
May)

Source: Burd-Sharps and Bistline(2021).
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Table 2
Ratio of the Perpetrator/Victim Driver’s Gender and Passenger Transport
Vehicle.

Division Incidents  Percentage
(N =39)

Gender of Offender Driver Male 39 100 %
Female 0 0 %

Victim’s gender Male 29 74.36 %
Female 10 25.64 %

Whether it is a passenger Offender’s vehicle 5 12.82 %

transport vehicle Victim’s vehicle 6 15.38 %

General passenger 28 71.79 %

vehicle

Table 3
Example of Pre-processing Process.

Contents

Among the contents of the precedent, only
the contents corresponding to the
application of the law are extracted,
including ‘name of the court,” ‘contents of
the order,” ‘criminal facts,” ‘gist of
evidence,” and ‘applicability of laws and
regulations.’

Pretreatment Method
First Index Selection

Second  Elimination of Stopwords The defendant ‘changed‘ the lane ‘to the
first lane‘ without turning on the
winker—eliminating stopwords such as
postpositions, stems, endings, and

connecting words.

Third Nominalization and Defendant’s winker was “unused” when
Common Word changing lane to 1st lane: Change “not
Conversion turned on” to unused and convert the verb

into a noun and a common word to give
consistency.

Fourth Surplus Elimination of Change to the first lane from the non-use

state of the winker: Removal of redundant
keywords that appear repeatedly and do not
directly affect the result analysis.

Keywords

behavior (Krahé and Fenske, 2001; DePasquale et al., 2001). As the
number of vehicles on the road increases, the road must also be
expanded. However, if road expansion is not made, traffic congestion
increases, and the resulting stress and tension are expressed as aggres-
sive driving behavior towards other drivers. (Hennessy & Wiesenthal,
2001). Ellison et al.’s (1995) experiment conducted the relationship
between driving anger and driver anonymity. The participants who were
impossible to recognize other driver’s faces showed more aggressive
driving behavior. Moreover, driver anonymity was found to cause
drivers to have more signal violations, collisions, speeding, and pedes-
trian accidents (Ellison et al., 2001). Socio-demographic characteristics
are one of the dominant factors influencing road rage behavior. Female
drivers tend to drive less aggressively than male (Pfeiffer, Pueschel &
Seifert, 2016; Berdoulat et al., 2013; Asbridge & Butters, 2013). Also,
age is a key variable related to road rage behavior. It was found that the
younger the driver, the more reckless driving such as signal violation or
speeding or road rage driving that threatens other drivers (Asbridge &
Butters, 2013; Wickens et al., 2011). Also, it was found that drivers in
their 40 s were more likely to lane-hogging (lane-hogging: obstructing
the passing of other drivers). Other drivers by occupying the passing
lane than drivers in their 20 s or 60 s due to their confidence in their
driving experience and high risk-taking tendency (Reimer et al., 2013).
On the other hand, there is also a study result (Holland and Rabbit,
1992; Holland and Rabbitt, 1994) that elderly drivers overestimate their
driving skills and cause more lane-hogging of other drivers by changing
lanes or occupying a passing lane (Holland and Rabbitt, 1994). Ac-
cording to a study examining the difference in driving behavior ac-
cording to income and educational level aggressive driving behavior
occurred more in the driver group with high income and college degrees
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(Asbridge & Butters, 2013; Wickens et al., 2011). While extreme
violence on the road, such as direct physical violence against other
drivers, was found to be associated with a lower income level (Junger,
West & Timman; 2001).

We try to use the textual data from precedents for analyzing road
rage behavior. Judgments of the courts interpret social conflict based on
the law and it serves to elicit social consensus. Studies that analyze
precedents to examine how courts interpret and apply laws. Park (2020)
studied the process of judicial application for hazardous driving crime
by analyzing precedents. Park pointed out that it is difficult to under-
stand the details of the judicial process for a specific crime if you are not
a party or a related person to the crime. On the other hand, Park
explained that systematically recorded documents such as precedents
have the advantage of being able to understand the case and the judicial
application process in detail. His study tried to understand the individ-
ual specificity and causal properties of each case by comparing and
analyzing the case sentences. Additionally, criticisms and implications
for the sentencing standards were derived by comparatively analyzing
the sentencing conditions for each country. Choi, Gahng & Cho (2014)
studied the role of the Psychopathy Checklist-revised (PCL-R), a psy-
chological tool in the US courts, by analyzing precedents. They tried to
determine the circumstances and purpose of the PCL-R test being used in
the US courts. In addition, it was attempted to identify the legal issues
and to draw implications on how these psychological test tools should be
used in the courtroom. This study quantitatively and qualitatively
analyzed precedents citing the PCL-R test between 2004 and 2014 and
confirmed that this tool is recognized as scientific evidence with pre-
dictive power on the potential risk of criminals in most courts in the US.
Jeon and Park (2021) conducted a study on analyzing judicial pre-
cedents for the protection of rights for the demented elderly on abuse
caused by family. They collected the related precedents from 2004 to
2020 and they tried to find the shortcomings of the current legal system
and to figure out how to protect legal rights. In particular, the main is-
sues were the proof of crimes against elder abuse, determination of
mental and physical disabilities, and applicable laws. Jeon and Park
confirmed that it was difficult for the elderly with dementia to recognize
and report abuse, therefore it was difficult to prove the crime, and the
defendants showed an intention to reduce the sentence by claiming
mental and physical disorders caused by alcohol. Additionally, they
confirmed that the punishment provisions of the Criminal Act were
applied in many cases due to the insufficient provision of punishment for
elder abuse.

To analyze the textual data, we adopt to use the of topic modeling
which is a type of text mining. It is a probabilistic model algorithm that
extracts potential topics from a set of atypical documents (Blei, 2012).
Topic modeling is like document clustering in that it provides many
documents clustered by topic. Topic modeling has the characteristics of
soft clustering. Such as one document can simultaneously respond to
various topics, it is suitable for modeling real situations. Topic modeling
is meaningful in that it can use insights and results in various analyses of
vast amounts of documents (Kim et al., 2017). Although, it can provide
unobserved latent factors in a document set including hidden variables
such as topics and structures of unobserved documents through
observed variables such as words included in documents, topics in the
entire document set, percentage of topics assigned to each document,
and topics (Kim et al., 2016). For this reason, researchers use topic
modeling provides easy analysis of a large amount of data (Yoo et al.,
2020) and Studies applying topic modeling in various fields have been
attempted. Through topic modeling, lan and Miller (2013) classified
violence and crimes in the Qing Dynasty of China in the 18th and 19th
centuries into five groups, providing insight into the nature of the crime
at the time. Lee (2014) conducted a study by analyzing keyword fre-
quency and a network of court precedents to restore the reliability of the
defect judgment system in apartment housing. Through this, they pro-
posed the TO-BE model and a new judgment process for defects by
identifying the causes of the problems of the current defect judgment
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system through keywords that appear mainly in the defect judgment
process. Fabienne et al. (2021) used topic modeling to observe system-
atic patterns in text and suggested an automated analysis methodology
between different languages. In transportation field, research using
topic modeling is also being actively conducted. Lijun (2017) conducted
an analysis of transportation research using topic modeling. Through
topic modeling, an analysis of papers interposed in 22 transportation
journals was conducted from 1990 to 2015, and social issues and traffic
research trends for each period were presented through the analysis
results. Carlos et al. (2019) analyzed the reports of 54 “Irish Road Safety
Inspections (RSI)” collected over 6 years (2012-2017) through topic
modeling. Through this, the types of safety accidents that occur on roads
and key factors were defined, and the significance as basic data for
establishing road standards and guidelines was presented. Kenneth
(2021) conducted an analysis of traffic accidents through topic
modeling. Traffic accident data for 10 years (2009-2018) in Michigan
were used to analyze the types and causes of collision accidents.
Through this, major topics related to five accidents (crash at stop-sign,
crossing the centerline, unable to stop, lane change maneuver, and
run-off-road crash) were derived. Park et al. (2021a), Park et al. (2021b)
analyzed CADMV autonomous vehicle accident data through topic
modeling based on the latent Dirichlet allocation (LDA) algorithm. As a
result of the analysis, researchers drew topics and keywords for specific
accident situations. They confirmed that they could draw major accident
situations using topic modeling as the main contents of the relevant is-
sues: rear-end collision while driving, rear-end collision while stopping,
broadside collision, and collision with a freight vehicle. Like the basic
data of this study, various legal document analysis studies using topic
modeling have been attempted. Ravi and Raghuveer (2012) conducted
case analysis through topic modeling. Legal judgment criteria were
grouped through case analysis in India, and it is significant that case
analysis through topic modeling was conducted for the first time in
India. Sim and Kim (2017) presented a case search and classification
system using topic modeling. The system is designed to classify pre-
cedents based on the mutual similarity of major keywords within the
precedent. Lee et al. (2021) identified significant issues in precedent
through topic modeling analysis based on the LDA algorithm.
Comparing the topic modeling results with the original text confirmed
that manipulating the game results using the discernment method and
the basis for judging the sentencing are issues of manipulating game
results that appear in precedents. In this study, researchers conducted a
precedent analysis to observe the latent patterns and features of road
rage behavior in precedents by adopting the topic modeling technique
based on the LDA algorithm. Many studies have also been conducted to
visualize the analyzed topic modeling results. Since Blei developed the
LDA topic modeling algorithm in 2003, research analysis and visuali-
zation tools developed actively in various fields (Sievert & Shirely,
2014). Most of the visualization tools provided bar charts, word clouds,
and pie charts using a list of highly weighted keywords. This method
allows the user to search for appropriate topics and keywords directly
but does not examine the overall topic modeling results. Chuang et al.
(2012) visualized topic modeling results in a matrix format. Although
researchers could identify important keywords within all topics and the
relationship between topics and keywords, there is a limitation in
showing only keywords with high frequency.

3. Data

For this study, in collecting precedents, we used a specialized plat-
form that provided a legal database. Conventional studies that analyzed
precedents often extracted data through the Internet access system of the
Supreme Court of Korea search engine. However, in the case of this
study, when we set the period to all and searched the keyword’ road
rage,” we only had three results available for viewing in the Supreme
Court’s reading system. In contrast, we extracted 54 case sentences. We
limited the cases in the study to criminal cases. We excluded judgments
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Table 4

Top 30 Keywords from the Road Rage Precedents.
Rank  Keyword Frequency Rank  Keyword Frequency
1 Intimidation 58 16 Overtake 21
2 Drive 50 17 Traffic 20
3 Court 49 18 Cut in 20
4 District 48 19 Aggravation 19
5 Special 47 20 Fine 19
6 Change 34 21 Workhouse 17
7 Road 30 22 Range 17
8 Imprisonment 29 23 Sudden braking 17
9 Revenge 25 24 Assault 17
10 Hazard 25 25 Bumper 17
11 Lane 24 26 Course 16
12 Destruction 24 27 Stuff 16
13 Horn 23 28 Vehicle 16
14 Probation 23 29 Interruption 15
15 Threat 21 30 Direction 14

with a change in sentencing and sentencing on two instances where the
Supreme Court dismissed the appeal. Among the searched data, if the
lower court and the appeals court overlapped, we counted the number of
road rage cases as one, and the merged case with a filed indictment,
including the road rage case, as one case of road rage.

A total of 39 independent cases were collected by integrating the
lower and upper courts. Next, we classified the judgment court, case
number, sentencing date, order, and reason-criminal facts. The criminal
points included specific facts about the place, time, method of the crime,
the perpetrator, the victim, and the crime outcome. In this study, to
focus on Korean road rage and interpret it, we removed the contents
corresponding to the reasons for sentencing specified in the precedent,
application of laws and regulations, and the point of evidence before
proceeding. Furthermore, the frequency of variables such as the gender
of the perpetrator and victim and whether they used their vehicles for
passenger transport (Table 4).

4. Topic modeling approaches
4.1. Latent Dirichlet allocation (LDA) algorithm

Latent Dirichlet allocation is a probability-based generative model
algorithm for Topic Modeling analysis which is one of the most used
methodologies in academic research. LDA provides topic modeling re-
sults by inferring latent topics and keywords that are not observed in
documents by separating data structures into documents, topics, and
keywords. Fig. 1 is a graphical model that explains the variables and
operating mechanisms that make up the LDA algorithm.

In the graphical model, D denotes the total number of corpus docu-
ments K denotes the total number of topics (hyper parameters), and N
denotes the number of words in the d-th document. A square means to
repeat the number of times, and a circle refers to a variable. The variable
where the arrow starts is a condition, and the variable facing the arrow is
a variable corresponding to the result. The only observable variable is
wa, and all latent variables can be estimated through this information.

In the LDA algorithm, the combination probability of the word dis-
tribution in the topic and the topic distribution in the document is
expressed by the following equation:

K D

P(@ix: 010,210, w10) = | [ p(@il) [ [ (@i16)

i=1 d=1

{ HP (zd.n ‘gd)p(wd.n |®1:K~,Zd.n)

}
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The inference method of the LDA algorithm is to find the variable
that maximizes the posterior. Since the value of the corresponding
variable cannot be directly observed, collapsed gibbs sampling tech-
nique is used.

4.2. LDAvis: Visualize topic modeling results

Since the development of topic modeling, various visualization tools
have been developed to derive and interpret clear results. Early visual-
ization tools displayed keywords with high weights in the topic
modeling results but could not interpret the overall topic modeling re-
sults. Later, in 2014, a visualization tool called LDAvis was developed by
Sievert & Shirley. The visualization tool used PCA(Principal Component
Analysis), a dimension reduction method, and keyword extraction
method to easily grasp the relationship between the topic and the
keyword. In addition, it is possible to analyze the distribution of key-
words in topics and the similarity between topics through interface
manipulation of the result screen. Fig. 2. is the result of topic modeling
analysis derived through LDAvis. LDAvis visualizes and provides topic
modeling results to analysts through Intertopic Distance Map on the left
and Top-30 most Relevant Terms for Topic on the right. The left area
provides a two-dimensional topic modeling result applying the dimen-
sion reduction method. Each circle represents a topic. The closer the
distance between the circles, the higher the similarity between topics. In
the area on the right, the relationship between topics and keywords is
derived. The information expressed in the corresponding area is pre-
sented based on salience and discriminative power.

5. Analysis
5.1. Topic modeling analysis procedure

The procedure for case analysis using topic modeling is shown in
Fig. 3. A detailed description of the data purification and topic modeling
analysis process is as follows.

First, we carried out preprocessing to analyze the collected pre-
cedents. Thus, we extracted keywords that have meaning only after
classifying case data to obtain meaningful results. Second, we investi-
gated the keywords constituting each topic drawn through topic
modeling and their weight. Third, we calculated the optimal number of
topics through the coherence score to implement the LDA algorithm’s
topic modeling. Finally, we analyzed the contents explained through the
derived topics and keywords.

In analyzing unstructured case data, we performed preprocessing to
improve the accuracy and clarity of the results. We conducted pre-
processing through a series of processes. First, we selected an index
suitable for analysis within the precedent. We extracted only the con-
tents corresponding to ‘name of the court,” ‘contents of order,” ‘criminal
facts,” ‘substance of the evidence,” and ‘application of laws’ from among
the indexes in precedent to observe meaningful analysis results. Second,
we eliminated meaningless words such as suffixes and stems. Third, we
nominalized all the words and converted words expressed in other forms
into common words for analysis. Finally, we removed words with a high
frequency of occurrence without affecting the interpretation of the re-
sults. Table 5 provides an example of the preprocessing method.

€8]
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Fig. 1. Graphical model of LDA algorithm operating mechanism.
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Fig. 2. Topic modeling analysis result derived from LDAvis.

Research methodology I | Description

Case data gathering

> Establishing standards to prevent data duplication
» Except for cases dismissed in (final)appeal & Exclude acquittal etc.

‘

Data refinement
Data preprocessing

» Perform the four-step preprocessing process
> Index selection — Elimination of stopwords — Word nominalization and
Common word conversion — Elimination of surplus keywords

¥
Optimizing the number of topics | | Determining the number of optimal Topics using coherence

‘

Interpreting Topic Modeling results

Topic Modeling results analysis o ) , ) )
> Distribution and Importance Analysis of Topics and Keywords Using LDAvis

Fig. 3. Process for analysis of road rage cases using Topic Modeling.
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Table 5
Topics and Top 10 Keywords from Road Rage Precedents.
Keywords Probability Distribution Topicl Topic2 Topic3 Topic4 Topic5
proportion proportion proportion proportion proportion
1 Threat Intimidation Imprisonment Special intimidation Wound
0.016 0.021 0.014 0.022 0.019
2 Horn Imprisonment Aggravation Intimidation Distortion
0.015 0.018 0.013 0.021 0.016
3 Lane change Special intimidation Probation Road rage Imprisonment
0.015 0.017 0.012 0.016 0.015
4 Imprisonment Horn Rage Overtake Traffic law violation
0.014 0.016 0.010 0.015 0.014
5 Fine Aggravation Road rage Workhouse Community service
0.014 0.013 0.010 0.015 0.012
% 25.1 23.4 22.4 16.9 12.1
0.48
0.46
0.44
[}
V]
8 0.42
Q
72
o 040
Q
g
= 0.38
Q
3
O 036
0.34
0.32
1 2 3 4 5 6 7 8 9

Number of Topics

Fig. 4. Coherence Scores by Number of Topics.
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Fig. 5. Visualization of Topicl analysis.
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4.2. Keyword analysis

Table 6 provides an overview of the analysis of road rage precedents.
We derived the keyword ‘intimidation’ 58 times, followed by keywords
related to judgment such as ‘local,” ‘court,” ‘special,” and ‘imprison-
ment.” Then, we drew keywords related to road rage behavior such as
‘road,” ‘change,’ ‘lane,” ‘horn,” and ‘threat’ were drawn. The derived top
30 keywords show that keywords related to ‘judgment,” ‘driving
behavior,” and ‘method of road rage’ for road rage drivers frequently
appear in precedents.

We set an appropriate number of topics so that each topic has a
meaningful result to secure independence. To judge this, we used the
coherence score as an indicator. The coherence score is a device that
measures the consistency of keywords within a topic and measures the
mutual similarity of the top N items within a topic. Thus, the higher the
coherence score value, the higher the consistency of the topic. Fig. 4
shows the coherence score according to the number of topics. When the
number of topics was 5, the coherence score was the highest at 0.473.
This result means that when the number of topics is 5, the relevance of
keywords constituting each topic is the highest. When the number of
topics was 10 or more, we excluded topics with similar contents due to
duplicated deduction.

4.3. Modeling result

As depicted in Fig. 5 and Fig. 6 keywords constituting Topic 1
included ‘threat,” ‘horn,” ‘lane change,” ‘imprisonment,” ‘fine,” ‘special
intimidation,” and ‘road rage.” The act of honking became the reason for
road rage, and it caused road rage behavior that threatened the other
drivers with lane changes or cut-in. Afterwards, they threatened and
injured the victim secondarily. Finally, the perpetrator received a fine or
imprisonment for the crime of special intimidation. Keywords consti-
tuting Topic 2 included ‘special intimidation,” ‘intimidation,” ‘road
rage,” ‘overtaking,” ‘prison workshop (workhouse),” ‘fine,” ‘sudden
braking,” ‘cut-in,” ‘horn/honking,” etc. The act of honking became the
reason for road rage and caused road rage behavior that threatened the
other drivers with acts of overtaking, sudden braking, and cut-in. We
could not draw keywords related to secondary physical victimization,
and the perpetrator received a fine for the crime of special intimidation.

Fig. 7 illustrates the keywords constituting Topic 3, including
‘imprisonment,” ‘aggravation,” ‘suspended prison sentence,” ‘anger,’
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‘road rage,” ‘threat,” ‘lane change,” and ‘winker.” Through the keywords
of ‘angry’ and ‘aggravation,’ it is possible to understand the psycho-
logical state of the offender at the time of road rage. In addition, they
showed road rage behavior by lane changes without using their winker.
As a result, the perpetrator received a suspended prison or imprisonment
sentence for special intimidation and traffic law violation.

Fig. 8 shows the keywords constituting Topic 4, including ‘special
intimidation,” ‘road rage,” ‘overtaking,” ‘fine,” ‘sudden braking,” and
‘dashboard camera’ road rage showing behavior such as overtaking or
sudden braking. In these instances, the perpetrator received a fine for
the crime of special intimidation. The situation analysis for the case was
through the dashboard camera.

Fig. 9 depicts keywords constituting Topic 5, including ‘injury,’
‘distortion,” ‘imprisonment,’ ‘traffic law violation,” ‘community service,’
suspended prison sentence, ‘destruction,” ‘diagnosis/medical certifi-
cate,” ‘tension,’ etc. We can identify the degree of damage to the victim
through keywords such as ‘injury,” ‘distortion,” ‘tension,” ‘diagnosis,’
and ‘destruction.’ In this instance, the perpetrator received community
service, including community service for traffic law violations.

Table 7 shows the proportion of the top 10 keywords included due to
topic modeling based on the LDA algorithm. Based on this, we define the
shows the names and main contents of the topics collected through the
analysis of road rage precedents. Firstly Topic 1 covers the overall
content of road rage, from the occurrence of road rage to the behavior of
the road rage driver and the resulting judgment. Topic 2 contains in-
formation on road rage methods for road rage drivers. Topic 3 was a
topic that showed the psychological state of the perpetrator and victim
during road rage. Topic 4 is about how to collect evidence to determine
the illegality of road rage drivers. Finally, topic 5 identifies the types of
injuries and vehicle damage suffered by victims of road rage. The types
and characteristics of road rage can be identified based on 5 topics and
the main contents derived from the topics are summarized as follows.

[Road rage occurrence and subsequent situation] The horn and full
beam of the other vehicle caused road rage. It performs through
sudden lane changes and cut-in. Since then, the perpetrator has made
threats along with intimidation and assault. The perpetrator’s sen-
tence included a fine and imprisonment for traffic law violation, a
special threat.

TOPIC 2

Intertopic Distance Map (via multidimensional scaling)
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Fig. 6. Visualization of Topic2 analysis.
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TOPIC 3
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Fig. 7. Visualization of Topic3 analysis.
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Fig. 8. Visualization of Topic4 analysis.

[Road rage behavior] The perpetrators act out road rage through 5. Conclusion

overtaking, sudden braking, interruption, lane change, swearing,

and no blinker. This study proposed a topic modeling approach based on the LDA
[Psychological conditions in road rage] The perpetrator momen- algorithm using Korean road rage precedents. Since the proportion of
tarily loses control of his emotions and vents his anger in extreme unstructured data such as text is showing an overwhelming increase
ways, such as swearing, assault, and collision. As a result, the victim (Dang et al., 2014; Talib et al., 2016), this unstructured data is being
feels scared and threatened. used in various fields through the development of big data technology.
[Gathering evidence] The driving behavior at the time of road rage Among them, a new methodological attempt to interpret meaningful
and the criminal circumstances such as assault, cursing, and use of information using widely used text mining and topic modeling tech-
dangerous items are mainly collected and analyzed through dash- niques, this study attempted by introducing it into the criminal case
board camera in the vehicle. judgment data for road rage crimes. From the modeling results, it is
[Type of damage] Collisions caused by road rage damage to the possible to analyze the characteristics of road rage, such as the main
vehicle and injuries to the victim. There are types of injuries such as types and causes of road rage. Through the text embedding technique, it
muscle tension and sprains, and the situation may worsen due to hit was possible to obtain topics appearing in the case sentence as five
and run. distinct categories. This method is rather than deducing the process of
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TOPIC 5
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Fig. 9. Visualization of Topic 5 analysis.

road rage similar to each topic, including deducing the process before
and after the occurrence of road rage, realizing road rage, the psycho-
logical state of the road rage driver, the method of collecting evidence of
road rage, and the type and extent of road rage damage. You can now
check the details for each category. For example, looking at the topic
related to road rage occurrence and subsequent situation, we see that
before the act of road rage, minor actions such as non-use of winker or
use of horns acted as triggers, which we expect emphasized in traffic
safety education or a driver’s license test. In addition, in the topic of the
psychological state, road rage is derived from the anger mechanism of
the driver who drives in retaliation and the behavioral results. This type
of behavior can include specialized training for road rage that the Road
Traffic Authority could further consider and deal with when imple-
menting the driver’s safety driving education. As another example, the
topic of damage type and severity raises awareness of the seriousness of
road rage to members of society. Courts could use this as a reference
point for victim-centered judicial judgment that can help to understand
the psychological damage of victims of road rage crimes.

In this study, we identified the characteristics of road rage in 5 topics.
We were able to confirm the results consistent with the characteristics of
road rage confirmed in previous studies by other researchers. For
example, Lee (2021) analyzed the characteristics and tendencies of
Korean road rage driving criminal cases based on the trial judge in his
study. As a result, contact road rage through sudden breaking in was the
most frequent. This is consistent with the features according to the fre-
quency of road rage behavior, such as sudden cut-in that this study
identified in the topic of road rage behavior.

We also found that honking and full beam are one of the causes of
conflicts on the road. According to Wu et al. (2018), honking and full
beam are the most common behaviors expressing anger and disagree-
ment among Chinese drivers as well. Furthermore, in a survey con-
ducted by Demirkol, Tosun, & Yuksel (2015) on full-time drivers, the
highest factor loading value (0.85) was given to the response ‘When
other drivers honk at me while I'm driving makes me angry’. The use of
horns is not only a cause of anger while driving but also a way of
expressing anger. For example, Sullman et al. (2013) conducted a
questionnaire on the expression of anger by taxi drivers in Turkey. As a
result, using honk and beam was confirmed as the most common way to
express their anger towards other drivers following verbal expressions.

On the other hand, in this study, muscle tension or sprain was
derived as a topic as a type of damage caused by road rage to the victim.

However, many previous studies, such as Shin (2020) and Choi, Kim, &
Kang (2020), conducted a questionnaire on the psychological damage
caused by road rage to victim drivers and, as a result, psychological
atrophy during driving, which led to in-depth considerations on the
psychological damage factors such as the sense of threat and fear felt at
the time of the incident. We expect that our study obtained the victim’s
physical damage as a representative topic result because, given the
data’s nature, the description of the victim’s physical damage is much
larger than the description of the victim’s psychological damage on legal
precedents.

In this paper, we present a new method for analyzing road rage
crimes. Furthermore, a series of processes in the analysis confirmed the
possibility of case analysis using topic modeling. Through case analysis,
it was possible to derive complex characteristics such as trigger,
behavior pattern, and level of punishment of road rage in Korea. If data
are managed and collected based on the characteristics and themes of
retaliatory driving derived from our analysis, it is expected to be of
appropriate help in deriving countermeasures against ever-increasing
road rage.

Road violence is a clear criminal act committed on the road targeting
certain victims. However, efforts to manage and data collection activ-
ities related to road rage are still very scarce in Korea. In addition, there
is no direct bill to punish road rage, so it is being punished by the
criminal law. Therefore, information related to the actual situation of
retaliatory driving only exists as inside data of the National Police
Agency. For this reason, accessing the data was also difficult for re-
searchers and the general public. Empirical studies on the continuously
increasing driving population or road rage cases have not been con-
ducted sufficiently and actively in Korea and abroad. This paper serves
as a starting point for analyzing road rage cases in Korea that the courts
of justice have even judged. In particular, it is also academically
meaningful to derive the aspects of road rage cases not treated as mis-
demeanors by applying text embedding technology based on the crime
facts appearing in case law. Moreover, this study interpreted road rage
precedents through topic modeling and contributed to identifying the
characteristics and types of retaliatory driving. Through this study, we
analyzed road rage in the trial stage by maximizing the resources of a
limited database. As a result of this study, we expect that if the data built
every year starts to be managed based on the topics divided through this
study, it will be appropriate assistance for continuously studying coun-
termeasures against the increasing numbers of road rage in the future.
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Starting with this study, researchers could actively conduct follow-up
studies that resolve various interdisciplinary questions based on more
data through the continuous management of statistics on road rage by
the Korean NPA. Although we conducted this study with the judgments
of the Republic of Korea, it would be meaningful to analyze the judg-
ments of road rage in the United States, Canada, the UK, and Australia
and classify the types of road rage in each country.

We expect our study to serve as a valuable reference for future re-
searchers as a basic outline of road rage data. Although this study has its
contributions, it is not without a limitation. The number of precedents
used in the study is relatively small. This is because the collectable
precedents are limited. In Korea, the Supreme Court sentence data is the
easiest to collect. But it is only 3 % of the overall sentences. In the case of
lower courts, only 0.003 % of precedents are disclosed (Lee and Park,
2017). In the case of LDA research, hundreds of thousands of data are
usually used. Therefore, Further studies would be required with larger-
scale data are needed for a more effective technical approach of topic
modeling.
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