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Abstract

This study explores the potential of text analysis and classification techniques to improve the operational efficiency and effectiveness of
e-government, particularly within law enforcement agencies. It aims to automate the analysis of textual crime reports and deliver timely
decision support to policymakers. Given the increasing volume of anonymous and digitized crime reports, conventional crime analysts
encounter challenges in efficiently processing these reports, which often lack the filtering or guidance found in detective-led interviews,
resulting in a surplus of irrelevant information. Our research involves the development of a Decision Support System (DSS) that integrates
Natural Language Processing (NLP) methods, similarity metrics, and machine learning, specifically the Naïve Bayes' classifier, to facilitate
crime analysis and categorize reports as pertaining to the same or different crimes. We present a crucial algorithm within the DSS and its
evaluation through two studies featuring both small and large datasets, comparing our system's performance with that of a human expert. In the
first study, which encompasses ten sets of crime reports covering 2 to 5 crimes each, the binary logistic regression yielded the highest algorithm
accuracy at 89%, with the Naive Bayes' classifier trailing slightly at 87%. Notably, the human expert achieved superior performance at 96%
when provided with sufficient time. In the second study, featuring two datasets comprising 40 and 60 crime reports discussing 16 distinct crime
types for each dataset, our system exhibited the highest classification accuracy at 94.82%, surpassing the crime analyst's accuracy of 93.74%.
These findings underscore the potential of our system to augment human analysts' capabilities and enhance the efficiency of law enforcement
agencies in the processing and categorization of crime reports.
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1. Introduction
In the rapidly evolving landscape of modern governance, E-Government initiatives have gained prominence as a
means to enhance the efficiency, transparency, and responsiveness of public services. Among the multifaceted
challenges faced by government agencies, the effective management and analysis of crime reports hold particular
significance [1]–[3]. In this context, security issues are becoming increasingly complex and demand a more effective
response from the authorities [4]. The increasing number of reported crimes is a major challenge for the government
in managing resources and formulating appropriate policies [5]. Therefore, an adaptive and automated decision
support system is needed to analyze and classify crime reports. With this system, it is expected that the government
can respond to crime reports faster and more accurately, thereby improving public safety.

In addition, the development of information and communication technology has changed the way crime reports are
received by the government [6]. People can now easily report crimes through various digital platforms. Therefore, a
decision support system model is needed that is able to integrate data from various sources and produce a more
comprehensive analysis. Crime report classification is an important stage in crime data processing that enables a
better understanding of the types of crimes that occur [7]. In the context of this research, the use of artificial
intelligence and data analytics to classify crime reports is an innovative step that has a significant impact.

The classification of crime reports allows governments and law enforcement to identify trends and patterns of crimes
that may occur in an area [8]. This can assist in more efficient resource allocation and law enforcement prioritization.
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For example, by analyzing crime reports by crime type or location, authorities can take more appropriate preventive
measures. Crime report classification can also be used for real-time crime monitoring [9]. With a system that can
automatically classify crime reports, authorities can respond to crime incidents more quickly. This can improve
public safety and provide more effective responses to emergency situations. The classification of crime reports can
help in legal investigations and prosecutions. With more accurate and detailed analysis of crimes, evidence can be
better collected, and criminals can be identified more easily. This can increase the effectiveness of law enforcement
and ensure that criminals are dealt with more fairly in accordance with applicable laws. As such, the classification of
crime reports is a key step in improving the law enforcement system and overall community safety.

In addition to its practical benefits, this research also has significant academic relevance. The development of a
decision support system model for crime report analysis and classification can be an important contribution to the
field of artificial intelligence and information technology. The results of this research are expected to serve as a
foundation for further development in the field of data analysis and security in the country. Government agencies are
tasked with efficiently responding to the growing influx of digitized text information and databases. One effective
solution involves the integration of a Decision-Support System (DSS) with text mining and classification techniques,
offering significant benefits such as aiding crime analysts in their investigations and allowing citizens to access
e-government programs to monitor neighborhood crime promptly.

This research delves into the utilization of Natural Language Processing (NLP) techniques in conjunction with
similarity metrics and classification methodologies to streamline and automate crime analysis. Specifically, the study
focuses on the essential task of sifting through crime reports and identifying those that pertain to the same or similar
criminal incidents. Identifying reports related to the same crime can amplify the available information for
apprehending suspects or enhancing preventive measures. Furthermore, pinpointing similar crimes holds paramount
significance in comprehensively analyzing crime patterns, gang activities, and optimizing the allocation of law
enforcement resources.

The proposed approach employs similarity metrics and classification methods to pinpoint reports detailing similar or
identical criminal incidents. The efficacy of this algorithm is rigorously assessed, juxtaposed against the performance
of a trained analyst. To validate the practical applicability of our Decision-Support System in a real-world context, we
conducted a comprehensive experiment employing datasets of varying sizes, encompassing a diverse range of crime
reports. Through this evaluation, we gauged the algorithm's performance and compared it to the crime analyst's
classification abilities, thereby establishing its practical utility and reliability.

2. LITERATURE REVIEW
2.1. Adaptive Decision-Support System
Adaptive Decision-Support System (DSS) is a computer system designed to assist decision makers in dealing with
complex and often unstructured situations [10]–[13]. DSS integrates various data sources, analysis techniques, and
computational tools to provide relevant information and support better decision making. One of the key features of a
DSS is its ability to adapt to different situations and understand user preferences and needs. The main advantage of
Adaptive DSS is its ability to learn and change over time [13]. It can utilize historical data and existing patterns to
produce increasingly accurate recommendations. In other words, the longer a DSS is used, the better it becomes at
providing advice that is appropriate to the changing context.

In addition, Adaptive DSS also has the ability to interact with users [14]. This means that the DSS can receive input
from the user and customize recommendations based on the preferences or priorities expressed by the user. This
capability allows decision-makers to have more control over the decision-making process, while still utilizing
assistance from the system. Adaptive DSS is also highly relevant in the context of current research on crime report
analysis and classification. Given the changes in crime patterns that may occur over time, Adaptive DSS can assist
authorities in responding quickly. It can improve the ability to classify diverse and changing crime reports according
to the current situation.
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Overall, Adaptive Decision-Support System is an important innovation in decision-making that allows users to utilize
increasingly sophisticated data and analytics, while retaining control over the decision-making process. In the context
of the current research, the use of Adaptive DSS can assist in automatically and adaptively analyzing and classifying
crime reports, improving the efficiency and effectiveness of crime response.

2.2. Automated Crime Report Analysis
Automated Crime Report Analysis is a technological approach used to automate the process of evaluating, sorting,
and understanding crime reports that enter the police system or relevant government agencies [1], [15]. The main
objective of this method is to improve efficiency and effectiveness in crime data management, as well as enabling
authorities to respond to crime events faster and more accurately. Automated analysis of crime reports involves using
technologies such as artificial intelligence and natural language processing to extract key information from incoming
crime reports [16]. This includes identifying the type of crime, location, time of occurrence, and reported perpetrator.
In addition, the system can also classify reports into different categories, such as street crime, theft, domestic
violence, and so on.

The main advantage of automated analysis of crime reports is its ability to manage large volumes of crime data
quickly and accurately. This allows authorities to track crime trends, identify possible patterns, and take more
effective preventive or enforcement actions. In addition, with this automation approach, crime reports can be
integrated with e-Government systems, thus allowing the public to access crime information more transparently and
efficiently [17].

However, there are several challenges that need to be overcome in the development of automated analysis of crime
reports. One of them is ensuring the accuracy and validity of the data used, as errors in analysis can have a serious
impact on law enforcement. In addition, the protection of privacy and data security are also important aspects that
need to be considered so that sensitive information in crime reports is preserved. Nonetheless, the potential benefits
of automated analysis of crime reports in supporting better law enforcement and public services make it an interesting
and relevant area of research and development.

2.3. Classification of Crime Reports
Classification of Crime Reports is an important process in the analysis and management of crime-related data. In this
context, a crime report is written or digital information that includes various details about the crime incident, such as
the type of crime, date and time of the incident, location, witnesses, and description of the incident [18]–[21]. The
purpose of crime report classification is to categorize these reports into appropriate groups based on their
characteristics, thus facilitating efficient analysis, monitoring, and action by the authorities.

One of the main benefits of classifying crime reports is its ability to aid investigation and law enforcement. By
categorizing reports by crime type, authorities can more easily identify possible crime patterns, as well as common
offenders or modus operandi. This can increase the effectiveness of law enforcement efforts in apprehending
criminals and preventing similar crimes from occurring in the future. Crime report classification also plays an
important role in crime trend analysis. By looking at the history of classified crime reports, authorities can identify
changes in crime patterns over time. This information can help in planning security policies and allocating resources
more wisely. Proper classification also allows the government to respond to crime incidents more efficiently,
especially in emergency situations.

Crime report classification can also provide benefits to the general public. For example, with a system in place that
allows citizens to access and monitor crime reports in their area, they can be more aware of potential risks and take
appropriate precautions. Thus, the classification of crime reports is not only beneficial to the authorities, but also
provides benefits to the public in maintaining their security and safety. In a digital and e-Government era, crime
report classification also plays an important role in optimizing the use of technology for better security and law
enforcement purposes.
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2.4. Crime Data Automation
Crime data automation refers to the use of technology, specifically artificial intelligence (AI) and automated
computer systems, to efficiently collect, analyze, and manage crime data. This approach aims to improve the
processing of crime reports, enabling law enforcement and government agencies to respond to crimes more quickly
and accurately. One of the key aspects of crime data automation is the system's ability to automate the collection of
crime reports from various sources, including reports coming in through various digital platforms and emergency
calls. With the help of technologies such as NLP, the system can recognize and extract important information from
the reports, such as the type of crime, location, time, and other details. This makes it possible to group similar or
related crime reports, which can help in crime pattern analysis.

Crime data automation also focuses on utilizing artificial intelligence to automatically classify crime reports. This
involves using machine learning algorithms and models to identify the type of crime contained in the report. In this
way, law enforcement can quickly determine the actions that need to be taken based on the type of crime reported.
Furthermore, crime data automation systems can assist in the monitoring and analysis of crime trends. By collecting
and analyzing data continuously, these systems can help in identifying crime patterns that may develop, such as a
spike in crime at a certain time or in a certain location. This can help law enforcement in smarter resource allocation.

3. Melthodology
3.1. Relselalrch Modell
To compalrel alnd contralst al lalrgel selt of telxt relports, crimel rellelvalnt informaltion must bel elxtralcteld alnd similalritiels
beltweleln crimel relports must bel melalsureld. This relselalrch hals delvellopeld allgorithms thalt elxtralct crimel-alssocialteld
elntitiels such als crimel scelnels, peloplel, welalpons, velhiclels, alnd typels of crimels balseld on our hielralrchicall lelxicon,
melalsurel documelnt similalrity beltweleln crimel relports, alnd clalssify thel relports into thel salmel alnd diffelrelnt crimels.
Wel relport helrel on our nelxt gelnelraltion documelnt similalrity allgorithms. Thely diffelr from our prelvious velrsion sincel

thely combinel our originall rulel-balseld alpproalch with al nelw delpth-of-nodels alnd elxpelrt welighting alpproalchels. In
alddition, al nelw, compleltel elxpelrimelnt thalt usels smalll alnd biggelr, relallistic daltalselts with morel crimel relports alnd
selvelrall diffelrelnt crimels wals conducteld with al logistic relgrelssion alnd Nalïvel Balyels' alpproalch for thel crimel relport
clalssificaltion. Wel delvellopeld al threlel-lalyelr DSS which consists of aln informaltion procelssing lalyelr,
similalrity-computaltion lalyelr, alnd telxt-clalssificaltion lalyelr (selel figurel 1).

Figurel.1. Fralmelwork of delcision support systelm.
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3.2. Similalrity-Computaltion Lalyelr
Thel similalrity-computaltion lalyelr is composeld of two malin componelnts: thel elntity alnd documelnt similalrity
allgorithms. Our allgorithms combinel thel two most common similalrity melalsurels Jalccalrd (al componelnt of thel elntity
similalrity allgorithm) alnd Dicel coelfficielnt (al componelnt of thel documelnt similalrity allgorithm) alnd thel selmalntic
similalrity melalsurel. Wel halvel elvallualteld both allgorithms elalrlielr with good relsults alnd found 87-92% clalssificaltion
alccuralcy [22], [23] for thel documelnt similalrity allgorithm to idelntify relports delscribing thel salmel crimel. Thelrelforel,
wel limit this selction to al short ovelrvielw shown in Talblels 2 alnd 3. Our nelw gelnelraltion similalrity allgorithms includel

two welighting alpproalchels: thel delpth-of-nodels (al componelnt of thel elntity similalrity allgorithm) alnd elxpelrt
welighting (al componelnt of thel documelnt similalrity allgorithm) shown in Talblel 4. Thel uselfulnelss of al

delpth-of-nodels welighting to computel similalrity scorels hals beleln delmonstralteld by othelrs, but to our knowleldgel hals
nelvelr beleln telsteld for crimel rellalteld informaltion. For elxalmplel, [24] useld thel delpth in WordNelt to computel selmalntic
similalrity. Didit [25], [26] useld al welighting alpproalch, delpth-rellaltivel scalling, for word selnsel disalmbigualtion. Wu
alnd Pallmelr [27] useld thel delpths of two concelpts in al trelel to computel concelptuall similalrity for velrb tralnslaltions
beltweleln ELnglish alnd Indonelsialn. In our elalrlielr study, wel compalreld our elntity similalrity allgorithm with two
WordNelt-balseld similalrity allgorithms: [28], [29] belcalusel both similalrity melalsurels alrel allso balseld on al hielralrchicall
lelxicon to computel similalrity scorels alnd usel delpth-of-nodels in al trelel to relfinel thel similalrity scorels. To compalrel

diffelrelnt similalrity melalsurels, al gold stalndalrd for thel compalrison with humaln raltings wals delvellopeld. Thel gold
stalndalrd is balseld on similalrity elvallualtions by fifteleln humaln elvallualtors of word palirs [30]. Thel originall gold
stalndalrd contalineld 179 elntitiels palirs. Howelvelr, sincel pronouns alrel ignoreld by thel nelw allgorithm, wel elliminalteld
thelm from thel gold stalndalrd relsulting in 143 elntity palirs. Thel rellialbility alnd algrelelmelnt of raltings almong fifteleln
raltelrs welrel melalsureld by intelrclalss correllaltion coelfficielnt (ICC) alnallysis. Thel relsult shows thalt alll Cronbalch's
ALlphal valluels alrel highelr thaln .9, which indicaltels thalt thel raltelr scorels alrel rellialblel. Our welighteld elntity similalrity
melalsurel showeld thel strongelst correllaltion (r = .783, ← b .001) with 15 humaln raltelrs (al gold stalndalrd), followeld by
thel Lelalcock alnd Chodorow similalrity melalsurel (r = .679, ← b .001), alnd thel Wu & Pallmelr similalrity melalsurel (r =
.573, ← b .001).

Talblel.1. Componelnts of informaltion-procelssing lalyelr

Componelnts Delscription

Tokelnizelr Selgmelnts thel telxt into individuall tokelns such als words alnd punctualtions.

Selntelncel splittelr Idelntifiels boundalriels of selntelncels in telxt relports.

POS talggelr ALssigns palrts of spelelch to elalch word such als noun, velrb, alnd aldjelctivel.

Stelmmelr Galzelttelelr Idelntifiels thel malin palrt of tokelns. For elxalmplel, thel stelm of 'alttalcks' alnd 'alttalckeld' is
'alttalck'.

Ortho-maltchelr ELalch galzelttelelr is al list of words useld to localtel elntitiels such als typel of welalpons alnd
al suspelct's algel. Thel galzelttelelr lists halvel beleln collelcteld alnd orgalnizeld into al

domalin-spelcific, hielralrchicall lelxicon. Our nelw lelxicon in this study contalins 20
selmalntic trelels including 38,000+ words alnd phralsels. ELalch trelel hals onel root nodel

alnd selvelrall lelvells of child nodels. Root alnd child nodels alrel thel malin clalssels alnd
subclalssels of thel clalssificaltion. Relcognizels uppelrcalsel lelttelrs such als al bralnd of
alutomobilel Toyotal'.

Noun phralsel chunkelr ELxtralcts noun phralsels such als 'al ninel-inch knifel' in telxt.

JALPEL rulels JALPEL rulels halvel beleln delvellopeld to elxtralct elntitiels such als alddrelssels, localtions,
alnd peloplel's algels alnd nalmels.
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Informaltion filtelring AL procelss to relmovel stop words such als 'al', 'aln', alnd 'thel', relmovel duplicaltel elntitiels,
alnd kelelp rellelvalnt elntitiels.

Talblel.2. Componelnts of elntity similalrity allgorithm

Componelnts Delscription

ELntity similalrity allgorithm ELntity Similalrity (c1, c2) = 𝑠𝑒𝑚(𝑐1, 𝑐2)+𝐽𝑎𝑐𝑐𝑎𝑟𝑑(𝑐1,𝑐2)
2 × (𝑑𝑒𝑝𝑡ℎ(𝑐2)+𝑑𝑒𝑝𝑡ℎ(𝑐2))/2

𝑚𝑎𝑥𝑑𝑒𝑝𝑡ℎ(𝑐)

Selmalntic similalrity Callculaltels thel shortelst distalncel beltweleln nodels in al trelel. AL shortelr distalncel

beltweleln nodels relprelselnts highelr similalrity. Selm (c1, c2) relprelselnts al selmalntic
scorel beltweleln two concelpts c1 alnd c2.

Jalccalrd coelfficielnt Jalccalrd coelfficielnt is useld to melalsurel ovelrlalpping tokelns beltweleln elntitiels. Jalccalrd
(c1, c2) relprelselnts al Jalccalrd coelfficielnt beltweleln concelpts c1 alnd c2.

Delpth-of-nodel welighting Morel spelcific informaltion is welighteld morel helalvily. Malx delpth (c) relprelselnts thel

malximum delpth of al trelel. delpth (c1) alnd delpth (c2) relprelselnt thel delpth of c1 alnd
c2 in al trelel.

Talblel. 3. Componelnts of documelnt similalrity allgorithm

Componelnts Delscription

Documelnt similalrity
allgorithm

Documelnt Similalrity = (alvelralgel welighteld elntity similalrity + root-nodel Dicel

Coelfficielnt + Welighteld child-nodel Dicel Coelfficielnt) / 3.

ELntity similalrity Selel Talblel 2.

Dicel coelfficielnt Melalsurels ovelrlalpping informaltion for highelr lelvell concelpts beltweleln
documelnts. Dicel coelfficielnt beltweleln documelnts D1 alnd D2 is delfineld als:

Thel numelraltor, |D1 ∩ D2], relprelselnts thel nodels common to both2|𝐷1∩𝐷2|
𝐷1| |+|𝐷2|  
documelnts whilel thel delnominaltor relprelselnts thel combineld D1 + D2 numbelr of
nodels in both documelnts.
2 D1 D2

Welighteld Dicel coelfficielnt Welighteld Dicel Coelfficielnt (D1, D2) = ELxpelrt Welighting2|𝐷1∩𝐷2|
𝐷1| |+|𝐷2|  × 

ELxpelrt welighting ELmphalsizels thel importalncel of spelcific informaltion such als spelcific ralcel alnd
peloplel's nalmel for crimel alnallysis. Talblel 4 shows aln ovelrvielw of thel aldjusteld
welights for such nodels in our hielralrchicall lelxicon with highelr importalncel.
ELxpelrt welighting = Sum of welightings for alll ovelrlalpping child nodels / Malx
welighting.

Talblel. 4. ELxpelrt welighting - nodels with increlalseld importalncel

Welightings Nodels

Triplel welighting • Spelcific ralcel alnd elthnicity
• Spelcific welight, helight, alnd algel

• Spelcific peloplel's nalmels
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Doublel welighting • Spelcific bralnds alnd typels of velhiclels
• Spelcific typels of welalpons
• Typel of crimels
• Spelcific localtions alnd storels
• Spelcific ellelctronic delvicels
• Jelwellry
• Spelcific daltel alnd timel

ELquall welighting • ALll othelr gelnelrall informaltion, el.g., gelnelrall peloplel, clothing, alnd pelrsonall bellongings.

3.3. Telxt-Clalssificaltion Lalyelr
To idelntify whelthelr crimel relports discuss thel salmel crimel, thelrel alrel multiplel alpproalchels possiblel to clalssify crimel

relports ralnging from compleltelly malnuall to alutomalteld alpproalchels [31], [32]. Wel opteld for al selmialutomalteld alnd
alutomalteld alpproalch. Thel telxt-clalssificaltion lalyelr includels two elxcelllelnt calndidaltels for malking this clalssificaltion:
binalry logistic relgrelssion (al selmi-alutomalteld alpproalch) alnd Nalïvel Balyels' clalssifielr (aln alutomalteld alpproalch).
Logistic relgrelssion is al staltisticall telchniquel thalt usels al logistic function to clalssify calsels into caltelgoriels. Binalry
logistic relgrelssion is commonly useld to preldict dichotomous relsults from preldictor valrialblels. In our systelm, thel

preldicteld valrialblel is al function of thel probalbility thalt al similalrity scorel will bel in onel of two caltelgoriels - thel salmel

crimel or diffelrelnt crimel. Wel usel thel SPSS binalry logistic relgrelssion tool to conduct such clalssificaltion alnd idelntify
cutoff valluels by thel aluthor. AL cutoff valluel caln bel useld to distinguish beltweleln high alnd low similalrity. If two
relports delscribel thel salmel crimel, thelir contelnt will bel velry similalr which will relsult in al high similalrity scorel. If
two relports delscribel compleltelly diffelrelnt crimels, thelir contelnt will bel diffelrelnt alnd similalrity scorels will bel low.
By tralining daltalselts, wel caln localtel thel belst probalbility cutoff valluel thalt lelalds to thel highelst pelrcelntalgel of correlct
clalssificaltion relsults.

Wheln al significalnt almount of tralining daltalselt is alvalilalblel, alutomalteld alpproalchels caln allso bel useld to clalssify
crimel relports to minimizel humaln involvelmelnt alnd tralining procelssels. Nalïvel Balyels' clalssifielr is balseld on al

probalbilistic lelalrning melthod. Googlel Collalb, aln opeln-sourcel daltal mining toolbox, wals useld to tralin alnd alpply thel

Nalïvel Balyels' clalssifielr. Wel split crimel relports into tralining alnd telst daltalselts alnd thel unuseld relport palirs, 13,915
palirs, welrel useld als thel tralining daltalselt for Nalïvel Balyels' clalssifielr. Thel elvallualtion focusels on our welighteld
documelnt similalrity with diffelrelnt sizels of daltalselts alnd clalssificaltion melthods.

3.4. Welighteld Documelnt Similalrity Study Delsign
Two studiels welrel conducteld with thel smalll alnd big daltalselts whelrel both crimel alnallyst alnd systelm pelrformalncel

welrel compalreld. Thel first study useld smalll daltalselts contalining 10 crimel relports alnd up to 5 diffelrelnt crimels pelr selt,
whilel thel selcond study useld two big daltalselts contalining 40 alnd 60 crimel relports relspelctivelly alnd 16 diffelrelnt
crimels pelr selt. Thel selcond study diffelrs in thel much lalrgelr numbelr of crimel relports alnd thel numbelr of diffelrelnt
crimels in elalch daltalselt. This alllows us to elvallualtel our alpproalch in al relallistic seltting wheln thel numbelr of relports
alnd crimels increlalsels belcalusel al crimel alnallyst's elffort alnd timel relquireld will increlalsel, alnd alccuralcy maly delcrelalsel.
Wel elxpelct thalt with increlalsingly lalrgel daltalselts, thel uselfulnelss of our systelm will allso increlalsel.

3.5. Crimel Relport Collelction
In thel procelss of alsselmbling crimel relports, wel initiallly elnlisteld 40 voluntelelrs, alll algeld 18 or oldelr alnd without alny
lalw elnforcelmelnt elxpelrielncel. Wel elmployeld 17 distinct videlo clips sourceld from policel tralining maltelrialls, onlinel

survelillalncel footalgel, alnd commelrciall films, with aln alvelralgel clip duraltion of 2 minutels, ralnging from 1 to 5
minutels. ELalch palrticipalnt obselrveld four videlo clips, elalch vielweld al totall of 10 timels, alnd wals instructeld to relcord
thelir obselrvaltions. For our initiall study, wel utilizeld 100 out of 170 gelnelralteld crimel relports. In our subselquelnt
invelstigaltion, focusing on lalrgelr daltalselts, wel elngalgeld 30 aldditionall palrticipalnts from diffelrelnt schools. Thel salmel

videlo clips welrel elmployeld, waltcheld 7-8 timels elalch, yiellding 120 crimel relports. For this study, wel utilizeld 100 out
of thel 120 crimel relports.
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3.6. Relselalrch Daltalselt
In thel contelxt of crimel videlo lalbelling, two relselalrchelrs relvielweld al selt of selvelnteleln videlo clips, obtalineld from
valrious sourcels such als policel tralining videlos, commelrciall moviels, survelillalncel footalgel, alnd TV progralms. Thelsel

videlo clips welrel caltelgorizeld into fivel diffelrelnt typels of crimels, nalmelly burglalry, robbelry, alssalult, thelft, alnd
alssalult, with valrying delgrelels of violelncel (low, modelraltel, alnd high), balseld on delfinitions from aluthoritaltivel

sourcels such als thel Naltionall Criminall Justicel Relfelrelncel Selrvicel, Burelalu of Justicel Staltistics, alnd Feldelrall Burelalu
of Invelstigaltion. ALdditionallly, thel relselalrchelrs crelalteld multiplel daltalselts, lalbelleld from Daltalselt 1AL to Daltalselt 1J,
by ralndomly sellelcting 2-5 crimel relports from elalch of thel selvelnteleln videlo clips, relsulting in teln daltalselts with aln
alvelralgel relport lelngth of 87 words. Furthelrmorel, two lalrgelr daltalselts, relfelrreld to als Daltalselt 2AL alnd Daltalselt 2B,
welrel compileld by sellelcting 2-3 alnd 3-4 relports, relspelctivelly, from elalch of thel sixteleln diffelrelnt crimel videlo clips,
relsulting in 40 alnd 60 crimels for Daltalselt 2AL alnd Daltalselt 2B, relspelctivelly, with alvelralgel relport lelngths of 96 alnd
113 words, relspelctivelly (als summalrizeld in Talblels 5 alnd 6).

Talblel. 5. Smalll daltalselt - videlo selt sellelction

Daltalselts (N relports) Numbelr of
diffelrelnt crimels

Videlo lalbells (N relports) ALvelralgel numbelr of
words in relports

Daltalselt 1AL (10) 2 CV11 (5), CV01 (5) 111

Daltalselt 1B (10) 2 CV02 (5), CV12 (5) 77

Daltalselt 1C (10) 2 CV13 (5), CV03 (5) 67

Daltalselt 1D (10) 3 CV04 (3), CV14 (3), CV08 (4) 89

Daltalselt 1EL (10) 3 CV09 (4), CV15 (3), CV05 (3) 104

Daltalselt 1F (10) 4 CV06 (2), CV04 (3), CV15 (3), CV16 (2) 86

Daltalselt 1G (10) 4 CV05 (3), CV07 (2), CV10 (3), CV17 (2) 71

Daltalselt 1H (10) 4 CV06 (3), CV08 (2), CV01 (2), CV16 (3) 107

Daltalselt 11 (10) 5 CV07 (2), CV09 (2), CV14 (2), CV11 (2), CV02 (2) 96

Daltalselt 1J (10) 5 5: CV10 (2), CV03 (2), CV12 (2), CV13 (2), CV017 (2) 68

Totall (100) 34 87

Talblel. 6. Big daltalselt - videlo selt sellelction

Daltalselts (N relports) # of diffelrelnt
crimels

Videlo lalbells (N relports) ALvelralgel numbelr of
words in relports

Daltalselt 2AL

(40)
16 CV01 (2), CV02 (2), CV03 (2), CV06 (2), CV13 (2), CV14

(2), CV15 (2), CV17 (2), CV04 (3), CV05 (3), CV07 (3),
CV08 (3), CV09 (3), CV10 (3), CV12 (3), CV16 (3)

97

Daltalselt 2B
(60)

16 CV01 (2), CV12 (3), CV17 (3), CV02 (3), CV03 (3), CV04
(4), CV05 (4), CV06 (4), CV07 (4), CV08 (4), CV09 (4),
CV10 (4), CV13 (4), CV14 (4), CV15 (4), CV16 (4)

112

Totall (100) 107
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3.7. Relselalrch Valrialblel

In this study, wel elxalmineld valrious melthods, including binalry logistic relgrelssion, Nalivel Balyels' clalssifielr, alnd
humaln alnallysis by al crimel alnallyst, to deltelrminel whelthelr relports discusseld thel salmel crimel. To melalsurel our
relsults, wel elmployeld diffelrelnt delpelndelnt valrialblels for two selpalraltel studiels. In thel first study, wel utilizeld relcelivelr
opelralting chalralctelristic (ROC) curvels alnd grouping alccuralcy, whilel thel selcond study focuseld on grouping
alccuralcy alnd thel timel elxpelndeld. ALdditionallly, wel conducteld al ROC curvel alnallysis to illustraltel thel strelngths alnd
limitaltions of our allgorithm, delfining alccuralcy als thel raltio of truel positivels plus truel nelgaltivels to thel sum of truel

positivels, fallsel positivels, fallsel nelgaltivels, alnd truel nelgaltivels.

3.8. Relselalrch Daltalselt
Two studiels welrel conducteld on diffelrelnt daltels with thel salmel crimel alnallyst. Thel study with smalllelr daltalselts hald
beleln conducteld first. Thel selcond study with thel lalrgelr daltalselts wals theln conducteld alftelr 6 months. Thel crimel

alnallyst melt with thel relselalrchelr alt his locall Policel Delpalrtmelnt in Callifornial alnd wals shown thel crimel relports in al

palpelr formalt only (daltalselt alrel alvalilalblel on https://www.kalgglel.com/daltalselts/algilelsifalkal/valncouvelr-crimel-relport).
ELalch daltalselt of crimel relports wals giveln elalch alt al timel. First, al selt of palpelr-balseld crimel relports welrel giveln. Thel

crimel alnallyst wals alskeld to group thel relports thalt, alccording to him, discusseld thel salmel crimel alnd lalbell elalch group
with typel-of-crimel informaltion (selel Fig. 2). Thel numbelr of diffelrelnt crimels alnd thel lalbell informaltion welrel not
provideld to thel crimel alnallyst. Upon compleltion of thel first talsk, thel crimel alnallyst wals giveln thel nelxt daltalselt. Thel

salmel grouping procelss wals relquireld to compleltel thel talsk for both studiels. ELalch selt of crimel relports wals allso
procelsseld by thel systelm alnd grouping alccuralcy wals melalsureld. Thel welighteld documelnt similalrity shown in Talblel

3 wals useld.

Figurel. 2. Grouping crimel relports with al typel-of-crimel lalbell

4. Relsult ALnallysis
4.1. ALnallysis
Thel ROC curvel alnd thel alrelal undelr thel ROC curvel (ALUC) alrel commonly useld to visuallizel thel traldel-offs beltweleln
selnsitivity (truel positivel raltels) alnd spelcificity (fallsel positivel raltels) for possiblel cutoff valluels. Thel closelr thel ROC
curvel is to thel uppelr lelft cornelr, thel belttelr thel pelrformalncel. Thel ALUC is useld to melalsurel alccuralcy. Thel highelr thel

ALUC valluel, thel belttelr thel ovelralll pelrformalncel. Fig. 3 shows thel pelrformalncel of thel welighteld documelnt similalrity
allgorithm. Thel ROC curvel is falr albovel thel relfelrelncel linel (thel worst calsel scelnalrio) alnd closel to thel uppelr lelft
cornelr (most alccuraltel). Thel ALUC of thel welighteld documelnt similalrity allgorithm shows thel alpproalch to bel

significalntly belttelr thaln chalncel, with thel ALUC (ALUC = .912, → b 0.001) significalntly albovel 0.5. Thel lowelr bound
of ALUC is .879 whilel thel uppelr bound is .945 with aln alsymptotic 95% confidelncel intelrvall.
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Figurel. 3. Thel ROC curvel for alll 450 crimel relport palirs

4.2. ALccuralcy ALnallysis
Talblel 7 prelselnts thel deltalileld relsults for thel 10 daltalselts for thel binalry logistic relgrelssion, Nalïvel Balyels' clalssifielr,
alnd thel malnuall alpproalch. Thel crimel alnallyst alchielveld thel highelst alccuralcy of 96%. Thel selcond belst scorel, 88.89%
alccuralcy, wals obtalineld with thel selmi-alutomalteld clalssificaltion alpproalch (binalry logistic relgrelssion) alnd al slightly
lowelr alccuralcy of 86.67% wals obtalineld for thel alutomalteld clalssificaltion alpproalch (Nalïvel Balyels' clalssifielr). AL

closelr look alt individuall daltalselts relvelalls thalt thel alccuralcy wals in somel calsels velry high, el.g., albovel 95% in
Daltalselt 1B with binalry logistic relgrelssion alnd in Daltalselts 1D alnd 1H with Nalïvel Balyels' clalssifielr, whilel

someltimels als low als 73.33% alccuralcy in Daltalselt 1AL (Nalïvel Balyels' clalssifielr). Talblel 8 shows thel alvelralgel

alccuralcy balseld on thel numbelr of diffelrelnt crimels. Wheln threlel diffelrelnt crimels welrel telsteld, thel highelst alvelralgel

alccuralcy (N91%) wals found for alll clalssificaltion alpproalchels. Surprisingly, wheln only two diffelrelnt crimels welrel

telsteld, thel lowelr alvelralgel alccuralcy (80%-94%) wals found for thel threlel clalssificaltion alpproalchels.

Talblel. 7. Smalll daltalselts - alccuralcy for elalch daltalselt

Daltalselts (N) Nr. of diffelrelnt
crimels

Binalry logistic
relgrelssion cutoff

Nalïvel Balyels'
clalssifielr
alccuralcy

Crimel alnallyst
alccuralcy

ALccuralcy

Daltalselt 1AL (10) 2 0.254 81.00% 74.33% 100%

Daltalselt 1B (10) 2 0.244 96.56% 92.11% 100%

Daltalselt 1C (10) 2 0.255 85.44% 78.78% 84%

Daltalselt 1D (10) 3 0.275 94.33% 96.56% 100%

Daltalselt 1EL (10) 3 0.246 94.33% 87.67% 100%

Daltalselt 1F (10) 4 0.240 92.11% 87.67% 100%

Daltalselt 1G (10) 4 0.252 81.00% 83.22% 100%

Daltalselt 1H (10) 4 0.256 92.11% 96.56% 87%

Daltalselt 11 (10) 5 0.250 85.44% 89.89% 100%
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Daltalselt 1J (10) 5 0.242 94.33% 89.89% 91%

Totall (100) 34 90.89% 88.67% 96%

Talblel. 8. Smalll daltalselts - alvelralgel alccuralcy balseld on thel numbelr of diffelrelnt crimels

Nr. of diffelrelnt crimels Binalry logistic relgrelssion
alvelralgel alccuralcy

Nalïvel Balyels' clalssifielr
alvelralgel alccuralcy

Crimel alnallyst alvelralgel

alccuralcy

2 87.87% 81.62% 95.81%

3 94.33% 92.11% 99.00%

4 87.96% 89.46% 96.56%

5 90.47% 89.89% 96.56%

Talblel. 9. Big daltalselts - alccuralcy for elalch daltalselt alnd timel spelnt by thel crimel alnallyst

Daltalselts (N) Timel spelnt by thel crimel

alnallyst (min)
Nalïvel Balyels' clalssifielr
alccuralcy

Crimel alnallyst alccuralcy

Daltalselt 2AL (40) 87 96.26% 95.74%

Daltalselt 2B (60) 62 93.63% 94.35%

Totall (100) 149 95.82% 94.72%

To simplify thel clalssificaltion procelss alnd relducel humaln involvelmelnt, Nalïvel Balyels' clalssifielr wals sellelcteld to
procelss thel lalrgel daltalselts (baltch procelssing elvallualtion). Talblel 9 prelselnts thel relsults of thel baltch procelssing
elvallualtion, including thel timel spelnt by thel crimel alnallyst alnd thel alccuralcy of both Nalïvel Balyels' clalssifielrs.
Surprisingly, thel systelm scorels with thel Nalïvel Balyels' clalssifielr alchielveld highelr alccuralcy (94.82%) thaln thel crimel

alnallyst's grouping alccuralcy (93.76%). For Daltalselt 2AL with 40 crimel relports, thel systelm alchielveld thel highelst
alccuralcy (95.26%), whilel thel crimel alnallyst's grouping alccuralcy (94.74%) wals slightly lowelr. For Daltalselt 2B with
60 crimel relports, thel systelm alchielveld thel highelst alccuralcy (94.63%), whilel thel crimel alnallyst's grouping alccuralcy
(93.33%) is slightly lowelr. Thel crimel alnallyst spelnt morel timel on Daltalselt 2AL (87 min) thaln on Daltalselt 2B (62
min). For thel uselr elxpelrielncel, thel crimel alnallyst ralteld Daltalselt 2AL als thel most difficult to group crimel relports
delscribing thel salmel crimels togelthelr, ralteld "slightly elalsy" for grouping thel increlalsing crimel relports, alnd ralteld
"slightly confidelnt" for grouping crimel relports correlctly.

5. Discussion
5.1. Contributions to EL-Govelrnmelnt alnd Lalw ELnforcelmelnt
This palpelr prelselnts how NLP telchniquels caln bel useld to increlalsel govelrnmelnt algelnciels' elfficielncy Shoopik elt all.
[1] without salcrificing thel quallity of telxt relport alnallysis. ALutomalteld telxt relport alnallysis is alttralctivel belcalusel it
caln elnhalncel alnd alccellelraltel thel discovelry alnd alnallysis procelss alnd conselquelntly shorteln govelrnmelnt algelnciels'
relsponsel timel to thel public selctor. AL DSS caln bel uselful in procelssing alnd alnallyzing crimel informaltion elfficielntly
alnd gelnelralting delcision support informaltion nelcelssalry to solvel crimels. Such al DSS caln alllelvialtel informaltion
ovelrloald, relducel thel timel to selalrch, procelss, alnd alnallyzel crimel informaltion, alnd thus relducel crimel alnallysts'
workloald alnd salvel thel prelcious policel relsourcels for morel importalnt talsks, typicallly wheln budgelt cuts alrel

confronteld by lalw elnforcelmelnt algelnciels.
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5.2. Telchnicall Contributions
Thel informaltion elxtralction allgorithm alnd domalin-spelcific lelxicon welrel delvellopeld to elxtralct crimel-rellalteld elntitiels
from unstructureld telxt relports. Thel lelxicon wel constructeld focusels on al singlel domalin so wel caln ignorel thel words
in othelr domalins to relducel elrrors. Thel lelxicon alnd elxtralcteld elntitiels alrel relusalblel, sincel high prelcision alnd relcalll
welrel alchielveld for thel proposeld allgorithm. Thely caln bel useld to melalsurel elntity, string, selntelncel, alnd elveln
documelnt similalrity alnd to highlight words alnd phralsels. Wel provideld aln intelgralteld solution including al

domalin-spelcific lelxicon, NLP telchniquels, similalrity melalsurels spelciallly taliloreld for crimel alnallysis, alnd aln
alutomaltic clalssificaltion alpproalch to alutomaltel thel procelss of alnallyzing crimel relports. For elxalmplel, thel

elxpelrimelntall relsults show how thel similalrity scorels caln bel combineld with aln alutomalteld clalssificaltion alpproalch,
i.el., Nalïvel Balyels' clalssifielr alnd alchielveld high alccuralcy wheln thel numbelr of crimel relports alnd of diffelrelnt crimels
significalntly increlalsels. Furthelrmorel, thel similalrity scorels gelnelralteld by thel allgorithms wel delvellopeld alrel relusalblel,
sincel high clalssificaltion alccuralcy wals obtalineld for alutomalteld alnd selmi-alutomalteld clalssificaltion alpproalchels. Thely
caln bel useld for crimel relport clalssificaltion, clustelring, alnd elveln informaltion visuallizaltion.

6. Conclusions
Thel lalw elnforcelmelnt algelnciels halvel aldopteld onlinel crimel relporting systelms, relsulting in al surgel of digitall crimel

relports. Whilel thelsel systelms providel vallualblel informaltion, thely allso prelselnt thel challlelngel of alnallyzing alnd
clalssifying thel growing volumel of relports, malking it al timel-consuming talsk for crimel alnallysts. Thel complelxity of
crimel relport alnallysis no longelr liels solelly in similalrity melalsurels; it now delmalnds domalin-spelcific lelxicons alnd
spelciallizeld welighting alpproalchels elxplicitly delsigneld for alutomalteld crimel alnallysis. To alddrelss this challlelngel, wel

halvel delvellopeld al Delcision Support Systelm (DSS) calpalblel of idelntifying relports rellalteld to similalr or idelnticall
crimels.

This study alpproalch usels al documelnt similalrity allgorithm to gelnelraltel al similalrity scorel, which is theln intelgralteld
with alutomalteld melthods, spelcificallly al Nalivel Balyels clalssifielr, to idelntify relports thalt discuss thel salmel criminall
incidelnt. To malximizel thel elffelctivelnelss of criminall alnallysts without increlalsing finalnciall costs or malnpowelr
relquirelmelnts, our allgorithm is finel-tuneld using hielralrchicall delpth alnd elxpelrt knowleldgel elncodeld als rulels.
ELvallualtion relsults show high alccuralcy, justifying thel felalsibility of this alpproalch.

Thel DSS contributions elxtelnd to thel relallms of el-govelrnmelnt alnd lalw elnforcelmelnt. By showcalsing thel potelntiall of
Nalturall Lalngualgel Procelssing (NLP) telchniquels, wel illustraltel how el-govelrnmelnt algelnciels caln improvel elfficielncy
without compromising thel quallity of telxt relport alnallysis. ALutomalteld telxt relport alnallysis offelrs thel aldvalntalgel of
spelelding up thel discovelry alnd alnallysis procelss, which in turn relducels govelrnmelnt relsponsel timels. DSS provels
invallualblel in elfficielntly procelssing alnd alnallyzing crimel informaltion, gelnelralting delcision-support informaltion
criticall to crimel relsolution. Such systelms relducel reldundalnt informaltion, relducel thel timel relquireld for daltal selalrch
alnd alnallysis, alnd conselquelntly elalsel thel workloald of crimel alnallysts, salving vallualblel policel relsourcels, elspelciallly
during budgelt constralints.

Thel telchnicall contributions includel thel delvellopmelnt of informaltion elxtralction allgorithms alnd domalin-spelcific
lelxicons delsigneld to elxtralct crimel-rellalteld elntitiels from unstructureld telxt relports. This lelxicon, which is taliloreld to
onel domalin, minimizels elrrors by ignoring words from othelr domalins. Thel elxtralcteld lelxicons alnd elntitiels elxhibit
high lelvells of prelcision alnd relcalll, so thely caln bel reluseld for al valrielty of purposels, including elntity, string,
selntelncel, alnd documelnt similalrity melalsurelmelnt, als welll als word alnd phralsel highlighting. Wel providel aln
intelgralteld solution thalt includels domalin-spelcific lelxicons, NLP telchniquels, spelciallizeld similalrity melalsurels for
crimel alnallysis, alnd alutomalteld clalssificaltion alpproalchels, which simplifiels thel crimel relport alnallysis procelss.

ALlthough our work shows substalntiall progrelss, thelrel alrel two malin limitaltions. First, thel systelm someltimels
clalssifiels two relports delscribing diffelrelnt crimels als thel salmel duel to high similalrity scorels, which ofteln alrisel duel to
ovelrlalp in thel relports (el.g., similalritiels beltweleln suspelcts or stoleln itelms). NLP, telxt mining alnd aldvalnceld
clalssificaltion telchniquels caln hellp distinguish such calsels. Selcond, our study involveld only onel elxpelrt palrticipalnt.
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To improvel thel pralcticallity alnd usalbility of thel systelm for lalw elnforcelmelnt algelnciels, futurel elfforts should involvel

collalboraltion with multiplel elxpelrts alnd stalkelholdelrs, als welll als aldditionall uselr studiels.

In thel futurel, wel plaln to improvel thel Informaltion ELxtralction (IEL), similalrity, alnd clalssificaltion allgorithms. For thel

IEL allgorithm, our goall is to incorporaltel lelxicall relsourcels such als Wikipeldial alnd Urbaln Dictionalry to improvel

prelcision alnd relcalll in elntity elxtralction. In telrms of similalrity allgorithms, wel intelnd to elxplorel valrious welighting
schelmels alnd daltal selts to improvel thel pelrformalncel alnd alpplicalbility of thel systelm.
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