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ABSTRACT- Crime is a negative phenomenon found in society. In this regard, crime is said to be a lot in town and is
more likely to concentrate around the city centre. The most common crimes in the city are property and violent
crime. The rise in crime issues due to urban development lead urban schools to be threatened with criminal activity.
Criminal behaviour outside the school can affect student safety. Therefore, this study highlights the study of property
and violent crime in schools' focus areas. In this regard, the lack of research on criminal issues from many disciplines,
especially in Geography is one of the major cause of ineffectiveness in crime prevention. Hence, due to this problem,
this study focuses on the application of Gegraphic Information System (GIS) as a tool used in Geography for crime
mapping. This study used property and violent crime statistics data of Kota Kinabalu for the year 2018 which was
obtained from the Kota Kinabalu District Police Headquarters (IPD). The data were entered into GIS software and
then analyzed using pattern analysis which is Kernel Density. The result of this study is a crime density pattern map.
Based on the crime density pattern map, a high-density pattern of property crime is found in the Kota Kinabalu zone
while violent crime is found in two zones namely Kota Kinabalu and Signal Hill. It was found that no school was in the
high-density pattern of the property and violent crimes.This study contributes to crime mapping using GIS analysis.
In addition, the findings of this study can help the schools, police and city planner to overcome the property and
violent crime in the city and the schools that are affected by it.

Keywords: Crime Mapping, GIS, Density Patterns, Kernel Density, Crime, Property Crime, Violent Crime,
School

L INTRODUCTION

Crime is said to be a feature of urban life nowadays and often increased due to urbanization and
industrialization which has brought changes in terms of population structure and lifestyle. In short, crime
hasa negative effect that increases due to urban development (Nor Ina and Norizan, 2007). This
statement is supported by Sidhu (2005) as he said that public fear of crime is a major concern for
policymakers especially when it involves property and violent crime. The rise in crime issues due to
urban development lead the urban schools to tend to be the focus areas of crime (Franket al., 2010).
Consequently, the environment of urban schools is also threatened with criminal activity. Therefore,
school safety should be a major consideration for urban schools especially secondary schools, (Shamsiah,
2005). The rise of crime issues outside the school area may have a high tendency to affect student’s safety
and hence, it will create an unproductive learning environment, (Burdick, 2013). Property and violent
crime in urban areas will affect the school area, especially high schools. This is because the students in
secondary schools are mostly teenagers. They are easily affected by criminal influence and easily
victimized by criminal behaviour (Roman, 2004). Therefore, based on these statements it can be
concluded that the study of urban crime should not be carried out only in-focus areas such as shopping
malls and other premises but should also be conducted in the school area to identify which school is
located in a high-density area of crime in the city.

Regarding this problem, there is the latest technology that can be used to do urban crime study more
efficient namely Geographic Information System (GIS). The studies of crime in school focus areas using
GIS has been conducted before. However, in Malaysia this study is still less applied. The analysis used by
previous researchers has not yet been maximized. Therefore, the researcher would like to introduce the
latest analysis method namely Kernel Density which can produce a clear results. According to Ahmad
Tarmizi et al (2017), the lack of study in crime issue for most disciplines, especially in the Geography field
is one of a contributor to the ineffectiveness of crime prevention. Therefore, this study was conducted to
identify the density patterns of crime in high school area in Kota Kinabalu city with GIS application. The
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use of technology, especially GIS, provides new opportunities to produce crime mapping and improve
crime prevention (Mohd Norashad and Tarmiji, 2016; Zaini and Nor Shah, 2009).

This study used the property and violent crime statistics data of Kota Kinabalu for the year 2018 which
was obtained from Kota Kinabalu District Police Headquarters. The property crimes involved in this study
are theft, car theft, motorcycle theft, van / truck / heavy machinery theft and burglary. Meanwhile the
violent crimes involved are murder, injuring people with objects or without objects, rape, individual
robbery without weapons and group robbery without weapons.The data were entered into GIS software
then analyzed using Kernel Density analysis. Kernel Density analysis will produce high, medium and low
density crime patterns. Subsequently, the interview was also conducted with two police officersto verify
the data. However, qualitative analysis was not used in this study. The purpose of the interview was only
to make a justification for the results of the study.

As a conclusion, this study is important to see how GIS applications can be used to identified crime
density patterns in urban and in school focus areas as well. Besides, this study can be used as a reference
to other researcher to applied GIS in the future studies of crime mapping. As a results, this study has
successfully proven that GIS can be used to determined the density pattern of crime in high school focus
areas in Kota Kinabalu. To summarize, the results of the crime maps in this study can be used as a guide
for the police, schools and other security agencies to take the appropriate action to prevent the crime in
high school focus area in Kota Kinabalu city .

DEFINITION OF CRIME AND GIS

Criminal activity can be characterized in many ways (Ivin, 1911). However, it is generally related to the
law (Mohd Dahlan and Ida Shafinaz, 2010). Meanwhile, the basic idea of what crime is that it can cause
problems or distress to others (Giddens, 1993). Thus, the individual who commits a criminal offence will
be punished (Gan, 2007). Crime often occurs in an urban area. This fact is undeniable due to the
population increased and the high cost of living. The crimes that often characterized in urban areas were
property and violent crime, (Nor-Ina and Norizan, 2007). Property crime means a crime involving the loss
of property does not involve physical harm. Property crime does not involve physical injury because it
involves the loss of goods or money and breaking into the premises (McGuire, 2000). Meanwhile, violent
crime is a threatening act and causes an injury to a person. Violent crimes include killing, attempting
murder, armed bandits by group, unarmed bandits by group, armed robbery, unarmed robbery, rape and
injuring people, (Saravanan, 2010).

Concerning that, there is one application that can be integrated into criminal studies nowadays called
Geographic Information System (GIS). GIS was introduced by the Canada Geographic Information System
in 1960 (David, 1997). GIS is a computer-based system to capture, store, analyzing and presenting spatial
data (Rosmadi, 2015). The earth’s objects are represented in the form of symbols using computers (Ang,
2015). The use of technology, especially GIS, opens new opportunities for crime mapping to support
crime prevention, (Mohd Faris, 2006). In addition to that, GIS is not just about creating maps, but it also
develops databases. Each item in the GIS database is represented by various shapes such as points, lines
and polygons that represent an area or zone (Debats and Gregory, 2011).

THE EFFECT OF CRIME IN THE SCHOOL AREA
School safety is important and should be given serious attention especially for the schools in urban areas
(Shamsiah et al, 2005; Franket al, 2010). Also, school safety should be a major consideration for schools
with significant accidents and crime incidents (Norlia and Sufean, 2006).
According to Burdick (2013), education levels are very different in the United States. The schools in urban
area have higher crime rates than suburban schools. As a result, most students in urban schools have
poor performance compared to suburban schools. This proves the negative impact of crime on student
achievement.
Haas's study in the year 1988 also found that property and violent crime were higher in urban schools.
The main reason for the high crime rate around the school is due to no control over criminal activity
outside the school and no law enforcement by the school.
Initially, research on crime around the school area was concentrated in high school. There are several
reasons in which high schools potentially a high-risk area of crime. Some of the reasons are high school
consist of matured students and easily affected with criminal activity, (Roman, 2004).
Furthermore, the youths in schools located in the urban areas easily affected by the criminal activity that
happened around the school due to limited parental care as the youth are considered to be self-sufficient.
Therefore, secondary schools that consist of large groups of individuals from that age group are
characterized by higher incidence rates as crime focused areas, (Timothy and Terance, 2011).
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Based on previous studies that have been reviewed, it is found that schools located in urban areas are
more likely to be hotspots for crime.

Therefore, we should note that studies on urban crime should not be focused on the city center alone. In
other words, the studies on crime in other areas in the city such as in schools should be further enhanced.

GIS APPLICATIONS IN CRIME MAPPING
Nowadays, many different types of mapping can be produced using GIS and these include crime mapping.
The use of GIS in crime mapping can help authorities to reduce crime efficiently and effectively (Canter,
1997; Aziz, 2011).
From the studies of Zaini and Nor Shah (2009), they said GIS is truly can be used to overcome the crime.
Initially, in their studies, the crime mapping using GIS was to indicate the location of the crime collected
from the Police Report System (PRS) to the GIS application to identify crime areas. The geocoding analysis
was used in their studies. The result of geocoding analysis was a digital map of the crime to shows the
distribution of crime within the administration area.
Besides, according to the studies of Syerrina and Nuzlinda (2015), criminal cases in Peninsular Malaysia
were analyzed using autocorrelation analysis. Based on the analysis, crime hotspot in that area was
identified and mapped.
Also, a study of crime mapping using hotspot analysis in India was conducted by Jaishankar in the year of
2009. From the results of the analysis, it was found that the crime hotspot not only in focus location but
also in the surrounding area.
Olajuyigbe et al (2016) also used GIS to create crime mapping using geostatistic analysis. Inverse Distance
Weight (IDW) analysis was used in this study for interpolation of data obtained through the Global
Positioning System (GPS). Studies have revealed that crime is increasing along major transport routes
through the Akure metropolis and also to certain areas such as post offices, Oke-Aro, Odo-lkoyi and Isolo.
At the same time, this study revealed that the transport route through Akure is exposed to criminal
activity.
Lastly, Canter (1997) used the Nearest Neighbor Hierarchical (NNH) analysis in crime mapping studies.
The finding shows that robbery cases in Baltimore increased by 45% between 1990 and 1997. By 1997,
73% of all robberies reported in Baltimore had occurred in commercial areas.

Based on previous studies on the application of GIS in crime mapping outside and within the country, it
can be concluded that the analyzes used in GIS applications are relevant to conduct criminal studies
nowadays.

GIS APPLICATION IN CRIME MAPPING IN SCHOOL FOCUS AREAS

There are several studies on the application of GIS in crime mapping in school focus areas that have been
done as in the study Filiberto (2016) which he has used hotspot analysis to identify the density pattern of
property crime and violent crimes that occur in school areas.

Next, the study of crime mapping in schools using GIS was also conducted by Elizabeth (2014).
She has conducted quantitative analysis by studying crime as a factor affecting schools using GIS through
buffer analysis.
Last but not least, a study of crime mapping in school focus areas using GIS applications has also been
conducted by Hashim et al (2018) in Malaysia. This study has identified the pattern of crime index
distribution in school focus areas in Petaling and Klang by using buffer analysis and Crime Location
Quotients(LQC) as the main method to identify the pattern of crime space distribution in school focus
areas.

RESEARCH AREA
Kota Kinabalu, Sabah has been selected as the study area. Whereas the focus areas of this study were on
the selected zones namely Kota Kinabalu, Damai, Luyang, Sembulan, Dah Yeh, Fung Yee Ting, Kolam, Bukit
Padang, Signal Hill, Likas, Teluk Likas and Kolombong. The selection of these zones due to the distance of
these zones that close to each other and this make easier to identify the crime patterns in that area.
Besides, these zones were also the area with many high schools. Figure 1 below shows a map of the
research area.
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Figure 1. Map of the research area.

II. METHODS

In this study, the researcher used quantitative methods. All the statistical data of property and violent
crime analyzed using GIS software. In the early stages of this study, the database will be developed first as
it is the first step in a GIS study. The spatial data in this study consists of the zones area and high schools
location. The spatial data obtained from a digitized map of Kota Kinabalu. There were 12 zones selected in
this study as shown in table 1 while the 14 high schools involved shown in table 2. Besides the spatial
data, attribute data also important to describe geographical phenomena. In this study, the attribute data
consists of statistical data of property and violent crime of the year 2018 in Kota Kinabalu obtained from
the Kota Kinabalu Police District Headquarters. The method used in this study was density pattern
analysis called Kernel Density. Kernel Density analysis is used to determine the density pattern of
property and violent crime in the study area. It will produced high, medium and low density of crime
patterns. Details related to Kernel Density analysis will be explained further in the next section.

As mentioned earlier, this study was also conducted an interview with two police officers to verify the
data and to make a justification for the results of the study. However, the qualitative analysis was not
used in this study.

Table 1. The list of selected zones

NUMBER ZONES NAME
1 Kota Kinabalu
2 Damai
3 Luyang
4 Sembulan
5 Dah Yeh
6 Fung Yee Ting
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7 Kolam

8 Bukit Padang
9 Signal Hill

10 Likas

11 Teluk Likas
12 Kolombong

Source: Digitized map of Kota Kinabalu district, scale 1: 12 500 obtained from JUPEM (2018)

Table 2. The list of high schools involved

Number High Schools Name

1 SMK All Saints (M)

2 SM Kian Kok

3 SMK Agama Kota Kinabalu
4 SM Tshung Tsin

5 SMK Perempuan Likas
6 SMK Likas

7 SMK Sanzac

8 SMK Konven ST Francis
9 SM Sains Sabah

10 SM Teknik Likas

11 SMK Tun Fuad

12 SMK Shan Tao

13 SMK Lok Yuk Likas

14 SMK Kolombong

Source: Digitized map of Kota Kinabalu district, scale 1: 12 500 obtained from JUPEM (2018)

KERNEL DENSITY ANALYSIS PROCESS

Kernel Density is an analysis used to detect density patterns in GIS. It is widely accepted as the most
appropriate analysis technique that capable to identify the density patterns and at the same time
produced clear maps that are not limited by shape or boundaries (Chaineyet al, 2008). This analysis was
used in this study to identify the density patterns of crime in the selected research area. The process of
Kernel Density analysis in this study is shown in figure 2 below. This process begins by performing Kernel
density analysis to both property and violent crime. Next, reclassification was performed to categorize the
data into high, medium and low density. After reclassification, raster data was converted to polygons. The
results obtained will show the high, medium and low-density patterns of crime in the research area.
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Figure 2. Process of performing Kernel Density analysis.
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Figure 3. Density pattern map of property crime using Kernel Density analysis.
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Figure 3 above shows the density pattern map of property crime. Based on the map, it can be seen that
the high-density pattern of property crime was located in the Kota Kinabalu zone. Based on an interview
with two police officers namely Arif and Muhammad Huzaimi (2019), the high-density pattern of
property crimes mostly concentrated in the Kota Kinabalu zone. According to them, Kota Kinabalu zone is
a hotspot for property crime because it is a city center. Since Kota Kinabalu zone is the city center, people
always concentrate in that area and it became a crowded place. Therefore, the chances for criminals to
commit property crimes are higher, they added. Apart from that, Kota Kinabalu is also a zone with a high
population. They said the population in that zone has become higher due to the presence of outsiders.
This makes Kota Kinabalu zone more congested and has caused property crime became more prevalent.
However, it was found that no high school was located in that zone. All high schools involved located in a
low-density pattern of property crime. Details related to this will be explained further in the discussion

Density Pattern Map of Violent Crime
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Figure 4. Density patterns map of violent crime using Kernel Density analysis.

Meanwhile, figure 4 above shows a density pattern map of violent crime. Based on the map, it can be seen
that high-density patterns of violent crime was concentrated in two zones namely Kota Kinabalu and
Signal Hill. According to Arif (2019) and Muhammad Huzaimi (2019), overall high-density pattern of
violent crime normally concentrated in Kota Kinabalu and Signal Hill zones. They said violent crime has
often been concentrated in the Kota Kinabalu zone as the zone has many entertainment centers as found
in the Kota Kinabalu Waterfront. Besides, they said the causes of violent crime such as injuring people
with objects or without objects and murder often occurs when the individual is under the influence of
alcohol, marijuana, syabu and others. Meanwhile, rape is often reported occur in boarding houses and
budget hotels around the Kota Kinabalu zone. Rape occurs when the victim has met the individual
through social media then the individual invites the victim to meet (Arif, 2019; Muhammad Huzaimi,
2019). For individual robbery cases and group robbery cases without weapons in Kota Kinabalu are more
likely to occur on sidewalks and shopping malls (Arif, 2019).

As for the Signal Hill zone, violent crime is concentrated in this area because the zone is a relatively quiet
and isolated place (Arif, 2019; Muhammad Huzaimi, 2019). However, according to them, the zone became
a crowded area for residents and tourists at peak times. Usually, residents and tourists went to Signall Hill
Tower to enjoy the scenery in the evening. Other than quiet and isolated, the geographical factor which is
hilly making it more difficult for the police to conduct regular patrols in that area. Therefore, Signall Hill
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zone has the potential to be a high-crime area (Arif, 2019; Muhammad Huzaimi, 2019). As we can see
from the density pattern map of violent crime, it also found that no school was located in those zones. The
schools involved are within the low-density pattern of violent crime area. Details related to this will be
explained further in the discussion section.

IV. DISCUSSION

As a result, it can be said that GIS applications can be used to process and analyze criminal related data
faster and easier to understand. Based on this study, GIS application was able to produced crime density
pattern maps in high school focus areas using Kernel Density analysis. As we can see in the density
pattern map of property crime in figure 3, it shows that the high-density pattern of property crime is
located in the Kota Kinabalu zone. According to Arif and Muhammad Huzaimi (2019), Kota Kinabalu zone
is a hotspot for property crime as it is a city centre. Furthermore, Kota Kinabalu zone has a high
population. Therefore, the chances for criminals to commit property crimes are high. Based on the results,
it was found that no high schools were within the area of the high-density pattern of property crime in
that zone. All the high schools involved were located in the areas with low-density pattern of property
crime.

Next, based on the density pattern map of the violent crime in figure 4, the high density patterns for this
crime was located in Kota Kinabalu and Signal Hill zones. According to Arif and Muhammad Huzaimi
(2019), high-density pattern of violent crime normally concentrated in Kota Kinabalu and Signal Hill
zones. They said Kota Kinabalu zone has many entertainment centers such as bar and club as those in the
Kota Kinabalu Waterfront. Consequently, the violent crimes occured when the individual under the
influence of alcohol, marijuana, and drug. Whereas, Signal Hill zone also became a hotspot for violent
crime because the place are quiet, dark and isolated but many people especially tourists came to Signal
Hill during peak hours. Therefore, Signall Hill zone has the potential to have a high density pattern of
violent crime. The result shows that there also no high schools within the area of high density pattern of
violent crime in those zones.

Based on the findings shown through the map in this study, there were no schools located within the
areas with high-density pattern of property and violent crime. It can be concluded that high schools in
Kota Kinabalu city were still in the area with a low-density pattern of property and violent crime.
According to Arif and Muhammad Huzaimi (2019), although high schools in Kota Kinabalu city are in the
areas with low-density patterns for both urban crime but the safety of students still strictly guarded.
According to them, the police and the school have worked together by implementing various ways to
maintain the safety of students. One of them is by appointing a School Liaison Officer (SLO). SLO is a
police officer who has been appointed and will responsible for maintaining the safety of the schools. Each
school has an appointed police officer. The SLO will thoroughly monitor the school and always in touch
with the school from time to time. Other than that, SLO will visit the school twice a month and attend
meetings with the parents and teachers association to give talks on crime prevention.

According to Arif and Muhammad Huzaimi (2019), criminal acts outside the school area will create
anxiety among students and may affect student safety. In addition, it can also influence the high school
students. Therefore, although the high schools involved were not in the areas with high density pattern of
property and violent crime, the police, school, and other authorities should always be aware of criminal
acts happening outside the school.

V. CONCLUSION AND CONTRIBUTION OF STUDIES

To conclude, the findings in this study has proven that GIS can be used effectively in the field of crime
mapping. From the previous studies as well, we also can see that GIS analysis widely used in crime
mapping as in the study by Philip (1997), Aziz (2011), Zaini and Nor Shah (2009), Syerrina and Nuzlinda
(2015), Jaishankar (2009) and Olajuyigbe et al (2016).In addition to that, this study introduced other
analysis called Kernel Density. This study shows that Kernel Density can be used to identify the density
patterns of crime in urban school area. As the results, the maps show the areas with high-density pattern
of property and violent crime were Kota Kinabalu and Signal Hills. However, there were no schools
located in the area with a high-density pattern of property and violent crime.

There are some limitations in this study. This study has used statistical data of property and violent
crimein Kota Kinabalu for year 2018 only. This makes this study unable to make comparisons of the crime
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pattern for the current and previous years.Besides, this study only involved secondary schools. This
means that primary schools and other types of schools located in area with high-density of property and
violent crime in Kota Kinabalu city cannot be identified.Moreover, this study only focuses on 12 zones in
Kota Kinabalu city. The study area that has been selected does not involve the entire zone in Kota
Kinabalu city.

Since researchers has used statistical data of property and violent crime in Kota Kinabalu for year 2018
only, therefore future researchers should use crime statistics data for several years to see a comparison of
property and violence crime patterns that occurs in the schools focus areain Kota Kinabalu city.In
addition, it is better if future researchers involving all types of schools in Kota Kinabalucity. The purpose
is to identify schools that are included in zones that have high-density patterns of property and
violencecrime. Last but not least, in the future, researchers suggest a study should be made for all zones in
the city of Kota Kinabalu so that criminal patterns in Kota Kinabalu city can be identified using GIS.

This study is important as the density pattern maps of both crime can be a guide for the police and school
in Kota Kinabalu to take appropriate action to reduce crime in schools areas.Therefore, studies on the
crime using GIS in school focus areas should be done extensively in the future
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