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Abstract. Developing a model allow a better understanding of the nature of a
complicated phenomenon. With advancement of tools and technology, model development has
been applied widely to mimic the phenomena of interest, spatial or non-spatial wise,
allowing a guided decision making to be made. In this paper, the phenomena of
burglary vulnerability and susceptibility are modelled based on expert opinion input to
create a model that imitates the expert profiling of burglary occurrences, which is dependent
on individual expert wisdom and experience in handling the burglary investigation. Due to
seriousness of burglary crime offences in Malaysia, especially the urban areas, a prediction
model is needed to correlates the factor of crime and further estimates the spatial susceptibility
to work hand in hand with other government initiatives in reducing crime. Eighteen (18)
indicators and 63 sub-indicators has been identified to be significant in defining the
susceptibility of burglary. Apart from input of rating and ranking of indicators and sub-
indicators obtained from questionnaire distribution to expert in handling burglary, the
geospatial based data were also incorporated into the model to add the element of spatial
accuracy in susceptibility prediction. The geospatial data includes the distribution of
burglary incidence from 2010 — 2016, the census data, the building footprint data and
the demarcation area. For the collected questionnaire feedback, the procedure of
Analytical Hierarchy Process (AHP) were adapted to determine the weight value
considering the rating input of expert from the distributed questionnaire. The input of weight
and scoring were applied to the corresponding spatial features and combined with the
operation of weighted sum to yield the total burglary susceptibility of a place. The results of
the model were validated with the real reported burglary frequency based on True Positive
Rate correlation matrix. The model validation finds that the model have a sensitivity of
82% in classifying the burglary susceptibility of the building polygon inside the study
area. However this model still requires some improvement as it is still lacking to perform
the classification of incidence intensity correctly.
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1. Introduction

The factor that leads to burglary offences were identified branching from the factor of socioeconomic,
demographic, spatial layout and the physical characteristics of the building itself. For socioeconomic
factor, two main causes of unemployment [1]-[4] and income inequality [5]-[12] has found leading the
burglary and crimes activity. Meanwhile in terms of demographic, studies by [13], [14] found the
correlation between burglary and the homes of minority, meanwhile [15] suggests that the distribution
of demographic characteristics may influence the generation of crime hotspot. High concentration area
of multi-ethnicity and foreign worker are identified as social component that related to concentration of
crime [16]. On top of that, [17] emphasized on the black class isolation as factor of crime whereby
migration of educated, working class black families out from the traditional black neighbourhood. The
migration causes the instability of economics and positive perspective inside traditional neighbourhood
which referred as “ghetto” area formation.

Zooming to a more detailed concept, several studies tend to consider larger scale approach in defining
the burglary vulnerability by addressing the factor of spatial placement and the building characteristics
with its surrounding. [18] relates the town planning and mass housing concept in Malaysia as segregation
of economic which indirectly crime, meanwhile [19] studies the effect of emergence of guarded
neighbourhood due to crime and its effectiveness in preventing crime. [20] and [21] finds that gated
communities does promote the feeling of safety but it promotes social segregation between different
economic statuses which may return gated community as targeted areas. From the research that concerns
the urban planning point of view, the studies on street design, permeability, accessibility and its
relationship to crime such conducted by [22]; [23] and [24], [25] also highlights the spatial design on
the vulnerability towards burglary. On the other hand, some studies also adapting the qualitative data
collection by conducting focus group interview on burglary offenders to find the method of target
selection and target preference such conducted by [26]-[33]. From the study concerning the target
selection, characteristics of physical building and appearance with higher vulnerabilities can be
identified which benefit this research in terms of indicator and questionnaire design.

Modelling the burglary susceptibility based on the expert judgment were aiming to bridge the dynamic
sides of burglary vulnerability together with the spatial, social and demographic characteristics in a
geospatial layout. Previously, the method of expert judgment is widely adapted and integrated in
geospatial modelling of risk assessment and site suitability modelling such conducted by [34]-[40].

2. Study Area

The study area of Damansara-Penchala is an area located at the side of the area of Kuala Lumpur City
with the total area of 45.17782 km2. There are 226 residential areas of various typology varies from
traditional Malay settlement, to land-based and high-rise planned residential development bounded
inside this region. Damansara-Penchala is an official strategic zoning demarcated by Kuala Lumpur City
Hall (Dewan Bandaraya Kuala Lumpur) for strategic planning and urban development under the Kuala
Lumpur Structure Plan 2020 (DBKL, 2004). Figure 1 shows the study area and its location at the edge
of Kuala Lumpur District.

This area are chosen as the study area due to the highest association of burglary incidence and
detriment value. Figure 2 shows the top ten list of number of burglary incidence with the detriment
value per residential area in Kuala Lumpur. From the chart, two highest committed offences and loss
values are from the residential area in the region of Damansara-Penchala. The detriment value of RM
15,796,027.00 for 270 burglary incidence for residential area of Damansara Height is quite high with
the mean of RM 58,503.80 for each offend. Apart from monetary loss, burglary also affecting the social
values of the society and in terms of the perception of safe living. The variety of social and demography
make up of Damansara-Penchala zone is also another factor of site selection. This area inhibit by 41%
of Malay, 23% Chinese, 13% Indian and 18% of foreigner (non-malaysian). In terms of housing
typography, this area comprises of various house type which reflects the socioeconomic gaps. Affluence
and inequality is one of the reason that attracting the offending of burglary [6], [28]. In this study context,
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the affluence level are represented by the type of house which portrayed in form of house design, size
and residential area types. Another factor of consideration in site selection is due to its geographical
placement between the urban areas of Kuala Lumpur and the highly populated district of Petaling Jaya
which causing high commute and mobility which affects the risk of burglary offences, in line with
research findings of [27]; [41] and [15] which concern of cognitive space awareness and familiarity
which heightens the opportunity to become a burglary target.

Top Ten Burglary Incidence with The
Detriment Value
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Figure 1. The study area of Figure 2. The top ten burglary incidence
Damansara-Penchala and the placement of and corresponding detriment value
study area inside of Kuala Lumpur according to residential area in Kuala Lumpur

3. Methodology

The section of methodology were divided into several stage, the first one is the data description, which
embarks on the data collection method of primary data and the sources and format of secondary data.
Following, the indicator development design and reference are discussed. Lastly, the deliberation on the
method of model development which covers the AHP for weight value determination and the map
production process.

3.1. Data description

The data that has been used to develop the burglary susceptibility model is basically the primary data
collected via interviews and questionnaire distribution, meanwhile the secondary data gathered from the
government agencies. The primary data collection were done in two phase, the first one is the interview
with police officers from Jabatan Pencegahan Jenayah dan Keselamatan Komuniti (JPJKK), Bukit
Aman and 6 burglary offenders that also drug user and admitted on committing burglary offences. Since
the number of sample obtained from the interview were insufficient to represent the population fairly,
this phase of data collection were processed as thematic output by picking up themes that build the
preference and clue in target selection for local extent. This deliverables also used in the questionnaire
design to collect the relevant information from the expert. The second phase of primary data collection
involved the distribution of online and offline questionnaires to sixty (60) police officers that has the
experience in handling the burglary investigation. The questionnaire address two parts of rating and
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ranking of vulnerability — among the sub-indicators and the overall rating of level of importance
throughout the category of indicators which proven to be contributing to burglary vulnerability by
previous studies.

For secondary data, the data were gathered from various government agencies, mainly from Sistem
Pemantauan Bandar Selamat which under the custodian of Royal Malaysian Police and Urban and
Regional Planning Department (Plan Malaysia). Meanwhile other secondary data supple the
demographic, social and spatial information to support the model indicator development. Table 1
summarize the characteristics and the source of the secondary data.

Table 1. The details of secondary data .

No Data Format Source
1 Reported Burglary Point form, Sistem Pemantauan Bandar Selamat -
geodatabase Malaysian Royal Police and Plan
Malaysia
2 Demarcation : Residential Polygon form, Sistem Pemantauan Bandar Selamat -
Area geodatabase Malaysian Royal Police and Plan
Malaysia
3 Census 2010 Polygon form, Department of Statistics Malaysia
geodatabase
4 Building 2013 Polygon form, Kuala Lumpur City Hall (DBKL)
geodatabase
5 Demarcation : Damansara— Polygon form, Kuala Lumpur City Hall (DBKL)
Penchala Strategic Zone geodatabase
Boundary
6 Google Maps and Google Online access ~ Google ®
Street

3.2. Indicator Development

The structure of the indicators and sub-indicators described in the questionnaire were as depicted in
Figure 3 below. The design of the indicators and sub-indicator structure were inspired by the Papathoma
Tsunami Vulnerability Assessment (PTVA) model developed by [37] meanwhile the input of indicator
were compiled from various burglary vulnerability studies including [3], [14], [24], [25], [28], [33],
[41]-[42].

3.3. Development of Expert Judgement Burglary Susceptibility Model

To develop the model of burglary susceptibility, the data obtained from questionnaire response need to
be analyse statistically before assigned as input to produce the map of susceptibility. To calculate overall
susceptibility described by 18 indicators and 63 sub-indicators based on judgement of expert respondent,
the formula of Relative Vulnerability Index, RVI by [37] were adapted. The formula of RVI are:

RVI=F {1 Sp) (1)

Where = total raster layer

Indicators

scores of indicators

total number of indicator

= total number of sub-indicator

B8 wn—=s
Il
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Figure 3: Structure of Burglary Susceptibility Assessment Design.
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Since the formula in obtaining susceptibility calculation has been identified using RVI, the smaller
component of sub-indicator scoring and indicator weight value determination also need to be sorted.

The simpler method of normalized value calculation are adapted in sub-indicator scoring derivation
as below:

S = (x—min,.c) ( 2)
max,—min,
Where
x = the value of individual scoring
minx = the minimum value of overall x values
maxx = the maximum value of overall x values

Meanwhile the method of AHP, specifically the pairwise matrix method were adapted for the
indicator, I weight derivation. This pairwise matrix requires the arrangement of all the indicator into
correlation matrix table and the actual and reciprocal value were assigned based on its importance from
one to another (reflecting to the input of real scoring values from expert). The development of the
pairwise comparison were carried out with reference to tutorial by [50]. The obtained value of priority
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vector from the pairwise matrix steps were validated using the Consistency Index, CI and Consistency
Ratio, CR to determine the consistency of the weight value. The Random Consistency Index, RCI for
18 x 18 matrix were referred to RCI Table developed by [51]. According to [52], the priority vector
weight is considered as consistent if the obtained CR value is 10% or less. If not, the revision on expert
judgement value of pairwise matrix is required. For this research, the weight values obtained from the
priority vector values derivation are validated with CR values of 9.3%, thus it is accepted.

The final step in developing the burglary susceptibility model for the study area are to sum and overlay
all the respective indicator and sub-indicator values to each spatial location concermns using the formula
of RVI. The attributes of spatial were provided by the separate layers raster data according to indicator,
which containing the values of sub-indicator scoring respectively. The spatial analysis process of
weighted sum were applied to the data to obtained to summation of susceptibility values to its
corresponding spatial extent, in this case, the building individuals.

4. Results and Discussion

The deliverables of this model were conveyed in three form which provide the input in burglary
susceptibility prediction. The first deliverable are the indicators and sub-indicators which concerns with
physical building characteristics, the surveillance element in the building surrounding, the social make-
up of the residential areas and its adjacency to identified crime generators point of interest. The second
deliverables is the indicators and sub-indicators weight and scoring rank of importance based on the
expert judgment and finally, the map which highlight four (4) levels of burglary susceptibility based on
its geographical-attributive characteristics of certain place.

4.1. Indicator Weight Value and Sub-Indicator Scoring
The results of weight value derivation from the AHP procedure and sub-indicator scores

calculation using normalization method area as tabulated in Table 2 below:

Table 2. The value of weight and sub-indicator from Expert Judgement feedback.

No Indicator/ Sub Indicator  Score single dwelling 0.731
Weight (in traditional 3
1 AreaType new 0.687 settlement)
0.090286 development 5 single dwelling  0.603
private land 0.718 (bungalow) 1
private lot 8 shophouses 0.611
usual 0.760 institution 1
development 4 office 0.304
old 0.864 commercial 7
development 6 shopping mall  0.414
non residential  0.781 1
3 0.350
0.593 0
8 0.212
2 Type of low cost 0.575 5
Building housing 0 3 Levelof non-strata 0.937
0.091953 middle cost 0.576 Floor strata 5
strata 4 0.068996 0.677
luxury housing  0.585 1
middle cost 9 4  Point of Not more than  0.843
terrace 0.769 Entrance 2 entrance 8
5 0.079709 3entranceand  0.796

~above 9
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5  Access gated 0.765 more than 0.625
Permit gated and 6 1000m 0
0.092618 guarded 0.572 0.812

not gated and 9 5
not guarded 0.890 14 Mixed a) residential 0.614
guarded 6 Function area with 6
0.484 0.029549 business and
4 leisure 0.648

6  Street cul-de-sac 0.437 b) residential 4
Design curvilinear 5 area with other
0.056512 loop 0.765 activities 0.578

grid design 6 ) mixed 1
0.687 residential area  0.640
5 d) area 6

7 Indian Numeric 0.703 completely
Percentage 1 residential 0.781
0.062915 (apartments 3

8  Chinese Numeric 0.885 buildings)

Percentage 4 e) area 0.804
0.036346 completely 7

9  Immigrant  Numeric 0.492 residential
Percentage 2 (detached
0.087641 houses)

10 Malay Numeric 0.864 f) area
Percentage 6 typically
0.049893 monofunctiona

11 Race Integrated 0.773 |
Dominatio  community 4 15 Distanceto In 1000 meter  0.418
n Malay- 0.781 Mall buffer from 8
0.084083  dominated 3 0.009593 Mall

community

Chinese- 0.718 16 Distanceto Inside 0.718
dominated 8 Traditional ~ Traditional 8
community Settlement  Settlement

Indian- 0.609 (Kampung) (Kampung)

dominated 4 0.016141 area

community 17 Distance to Inside Low 0.687

12 Education  50% - 79% 0.664 LowCost  Cost Housing 5
0.003179 with tertiary 1 Housing area

education 0.043147

13 Distanceto 100m 0.364 18 Distanceto In 1000 meter  0.329
Police 500m 6 Night Club  buffer from 0
Station 1000m 0.562 0.022802 Night Club

- 0.074637 5

From the pairwise matrix development for indicator weight value determination, it is found that the
factor of access permit or security play the most critical part in determining the susceptibility towards
burglary offences in local perspective. The expert also agrees that gated community not necessarily has
lower vulnerability towards burglary, which in line with findings of [20], [21]. The second highest
indicator in determining the susceptibility towards burglary is Type of Building, followed by Area Type.
Both indicator reflects the element of affluence or worthiness to be selected as target, as well as
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representing the easiness of entrance in terms of accessibility. Middle cost terrace and usual
development were selected as the highest rank of target type to be selected due to its medium level of
security and uniform housing layout, which agrees to finding by [53] which stress on housing
homogenousity on accessibility rate. This findings on homogenousity and burglary vulnerability are
found to be contradicting to finding by [24] which also conduct studies in several selected residential
areas in Shah Alam. In terms of demographic features, the experts in majority relates the susceptibility
towards burglary with the increased population of immigrant as potential offender. Race domination
plays a rather important factor in determining burglary susceptibility with highest values on Malay
dominated community, followed by integrated community, Chinese dominated community and lastly,
Indian dominated community. Among all indicators, the least important indicator based on expert
judgment are found to be adjacency to Mall and Tertiary educated population.

4.2. Expert Judgment Burglary Susceptibility Model and Validation

The operation of spatial analysis of weighted sum using the formula of RVI delivers the output of
burglary susceptibility in four (4) levels are mapped as shown in Figure 4. To validate the accuracy of
the prediction model, the correlation matrix of True Positive, True Negative, False Positive and False
Negative over the reported burglary data aggregated as burglary frequency per building to indicate its
intensity. This validation method are adapted with reference to [54]-[59] (Table 3). This method used
to quantify how reliable the results of a diagnostic test [59]. Sensitivity evaluates on how good the
model classifying the positive events, meanwhile specificity estimates the likelihood of the
negative events. Accuracy measures how correct a model identifies the positive and the negative
events. In this research. the evaluation of correctness of classifying high susceptibility area are
described as sensitivity, meanwhile the correctness of classifying non-positive susceptibility area
are described as specificity, and the accuracy of overall modelling results are described as
accuracy.
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Figure 4. The map of burglary susceptibility based on Expert Judgment data.
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The formula on the calculation of sensitivity, specificity and accuracy [59] were given as:

Sensitivity = TP/ (TP + FN) 3)
(Number of true positive assessment)/ (Number of all positive assessment)

Specificity = TN/ (TN + FP) 4)
(Number of true negative assessment)/ (Number of all negative assessment)

Accuracy = (TN + TP)/ (TN +TP +FN + FP) (5)

(Number of correct assessments)/ Number of all assessments)

Table 3. The validation of developed model with burglary frequency distribution.

Su;ceptibility / Very Low Low  Medium High
requency
0 (0) 100 177 340 206
11-3) 89 160 304 249
2 (4-6) 7 6 5 0
3(7-9) 1 1 1 0
No of polygon 197 344 650 455
Sensitivity 88.21%
Specificity 12.15%
Accuracy 50.18%

The validation finds that the expert judgment model has a quite good performance in classifying the
presence of burglary susceptibility but lacking in specificity of identifying the location with lower
susceptibility towards burglary. In terms of intensity, it is also finds that this model lack of ability in
classifying the intensity of higher burglary frequency with high susceptibility label. On overall, this
expert judgement model only describes the burglary trends in study area with 50.18% of accuracy. From
this numbers, it is shown that this model still requires improvisation in terms of method of data collection
and the questionnaire design. The results of model may be improved if the data collection were done
with the presence of researcher, as the misunderstanding in addressed questions can be discussed.
Furthermore, the expert respondent are from different age group, which may lead to obsolete trending
of burglary profiling hence staking the results in average.

5. Conclusion

The aims of modelling the expert judgment in geospatial approach were achieved by combining the
input of the features defining the burglary susceptibility in rank of importance by the police officer. This
model are believed able to provide a new perspective of modelling the burglary prediction apart from
statistical approach. With improved means of data collection, the model performance can be improve to
provide the accuracy as reliable as data driven modelling approach.

Acknowledgement

The authors would like to express their appreciation for the support of the sponsors from Ministry of
Higher Education and Universiti Teknologi Malaysia with Skim Latihan Akademik Muda and SLAB
SLAL



IGRSM 2020 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 540 (2020) 012042  doi:10.1088/1755-1315/540/1/012042

References

[1] S. Ajimotokin, A. Haskins, and Z. Wade, “The Effects of Unemployment on Crime Rates in the U.S,”
Draft, 2015, doi: 10.1080/08995600802565693.

[2] K. Edmark, “The Effects of Unemployment on Property Crime: Evidence from a Period of Unusually
Large Swings in the Business Cycle,” 2003.

[3] C. A. Kapuscinski, J. Braithwaite, and B. Chapman, “Unemployment and Crime : Toward Resolving the
Paradox,” J. Qual. Criminol., vol. 14, no. 3, 1998.

[4] K. Papps and R. Winkelmann, “Unemployment and crime: New evidence for an old question,” New
Zeal. Econ. Pap., vol. 34, no. 1, pp. 53-72, 2000, doi: 10.1080/00779950009544315.

[5] A. . Baharom and M. S. Habibullah, “Crime and Income Inequality : The Case of Malaysia,” J. Polit.
Law, vol. 2, no. 1, pp. 55-70, 2009, doi: 10.5897/JAERD12.088.

[6] W. H. Chiu and P. Madden, “Burglary and income inequality,” vol. 69, no. August 1997, pp. 123-141,
1998.

[7] J. Choe, “Income inequality and crime in the United States,” vol. 101, pp. 31-33, 2008, doi:
10.1016/j.econlet.2008.03.025.

[8] M. Dahlberg and M. Gustavsson, “Inequality and Crime: Separating the Effects of Permanent and
Transitory Income.,” Oxford Bull. Econ. Stat. 70, 129-153., 2008.

[9] G. Demombynes and O. Berk, “Crime and local inequality in South Africa,” vol. 76, pp. 265-292, 2005,
doi: 10.1016/j.jdeveco.2003.12.015.

[10]  P. Fajnzylber, D. Lederman, and N. Loayza, “Inequality and violent crime,” J. Law Econ., vol. 45, no. 1
I, pp. 1-40, 2002, doi: 10.1086/338347.

[11]  A. Nilsson, “Income inequality and crime : The case of Sweden,” 2004.

[12] H. Zhong et al., “Spatial Analysis for Crime Pattern of Metropolis in Transition Using Police Records
and GIS : a Case Study of Shanghai , China,” J. Digit. COntent Technol. its Appl., vol. 5, no. 2, pp. 11—
13, 2011, doi: 10.4156/jdcta.vol5.issue2.11.

[13] R.D. Peterson and L. J. Krivo, “Segregated spatial locations, race-ethnic composition, and neighborhood
violent crime,” Ann. Am. Acad. Pol. Soc. Sci., vol. 623, no. 1, pp. 93-107, 2009, doi:
10.1177/0002716208330490.

[14] L. E. Pettiway, “Mobility of Robbery and Burglary Offenders: Ghetto and Nonghetto Spaces,” Urban
Aff. Q., vol. 18, no. 2, pp. 255-270, 1982.

[15] D. W. Sorensen, “The Nature and Prevention of Residential Burglary: A Review of the International
Literature with an Eye Toward Prevention in Denmark,” Int. Lit. with an Eye Towar. ..., 2003.

[16] M. H. Marzbali, A. Abdullah, N. A. Razak, and M. J. M. Tilaki, “Using hotspot mapping to understand
spatial patterns of burglary in residential land use : a case study of Penang,” pp. 1948-1958, 2011.

[17] E.S. Shihadeh, “Race, Class, and Crime : Reconsidering the Spatial Effects of Social Isolation on Rates
of Urban Offending,” no. December 2014, pp. 37-41, 2009, doi: 10.1080/01639620802168908.

[18] R.J.SeoandS. Omar, “Housing typology of Modern Malaysia,” 1st South East Asia Hous. Forum
ARCH, no. 6-7 October, pp. 67, 2011.

[19] S. H. Misnan, “Relationship Between Neighborhood Physical Design and Institutional Changes: Patterns
and Their Effect on Housing Price in Malaysia,” The Hong Kong Polytechnic University, 2015.

[20] E. Blakely and M. Snyder, “Separate places: Crime and security in gated communities,” in Fortress
America: Gated Communities in the United States, Washington, D.C: Brookings Institution, 1997, pp.
53-70.

[21] G. D. Breetzke and E. G. Cohn, “Burglary in Gated Communities: An Empirical Analysis Using Routine
Activities Theory,” Int. Crim. Justice Rev., vol. 23, no. 1, pp. 56-74, 2013, doi:
10.1177/1057567713476887.

[22] S.C.F.ShuandJ. N. H. Huang, “Spatial configuration and wvulnerability of residential burglary: A case
study of a city in Taiwan,” Proc. 4th Int. Sp. Syntax Symp. London, pp. 46.1-46.14, 2003.

[23] L. Summers and S. D. Johnson, “Does the Configuration of the Street Network Influence Where Outdoor
Serious Violence Takes Place ? Using Space Syntax to Test Crime Pattern Theory,” J. Quant. Criminol.,
2016, doi: 10.1007/s10940-016-9306-9.

[24] S. A. Zaki and J. Abdullah, “Layout Design and Its Effects on Burglary,” Procedia - Soc. Behav. Sci.,
vol. 42, no. December 2011, pp. 329-339, 2012, doi: 10.1016/j.sbspro.2012.04.197.

[25] S. A Zakiand J. Abdullah, “The relationship between variations of grid layout and Burglary,” Plan.

Malaysia, vol. 10, no. June 2014, pp. 17-40, 2012, doi: 10.21837/pmjournal.v10.i3.99.



IGRSM 2020 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 540 (2020) 012042  doi:10.1088/1755-1315/540/1/012042

[26]
[27]

(28]

[29]

[30]
[31]
[32]
[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]

W. Bernasco, “Co-offending and the choice of target areas in burglary,” J. Investig. Psychol. Offender
Profiling, vol. 3, no. 3, pp. 139-155, 2006, doi: 10.1002/jip.49.

W. Bernasco and T. Kooistra, “Effects of residential history on commercial robbers’ crime location
choices,” Eur. J. Criminol., vol. 7, no. 4, pp. 251-265, 2010, doi: 10.1177/1477370810363372.

W. Bernasco and P. Nieuwbeerta, “How Do Residential Burglars Select Target Areas?: A New
Approach to the Analysis of Criminal Location Choice,” Br. J. Criminol., vol. 44, pp. 296-315, 2005,
doi: 10.1093/bjc/azh070.

R. Block and W. Bernasco, “Finding a serial burglar’s home using distance decay and conditional origin-
destination patterns: A test of empirical Bayes journey-to-crime estimation in the Hague,” J. Investig.
Psychol. Offender Profiling, vol. 6, no. 3, pp. 187-211, 2009, doi: 10.1002/jip.108.

Y. Chun and J. Lee, “Decision Making by Burglars : A Qualitative Study in a Korean Context,” vol. 2,
no. June, pp. 265-271, 2013.

J. E. MacDonald and R. Gifford, “Territorial cues and defensible space theory: The burglar’s point of
view,” J. Environ. Psychol., vol. 9, no. 3, pp. 193-205, 1989, doi: 10.1016/S0272-4944(89)80034-9.

C. Nee and M. Taylor, “Residential Burglary in the Republic of Ireland: A Situational Perspective,”
Howard J. Crim. Justice, vol. 27, no. 2, pp. 105-116, 1988, doi: 10.1111/j.1468-2311.1988.tb00609.X.
E. J. Palmer, A. Holmes, and C. R. Hollin, “Investigating Burglars > Decisions : Factors Influencing
Target Choice , Method of Entry , Reasons for Offending , Repeat Victimisation of a Property and
Victim Awareness Investigating Burglars * Decisions : Factors Influencing Target Choice , Method of
E,” no. October 2016, 2002, doi: 10.1057/palgrave.sj.8340101.

M. Ercanoglu, O. Kasmer, and N. Temiz, “Adaptation and comparison of expert opinion to analytical
hierarchy process for landslide susceptibility mapping,” Bull. Eng. Geol. Environ., vol. 67, no. 4, pp.
565-578, 2008, doi: 10.1007/s10064-008-0170-1.

Z. Mohamad, Z. Ramli, M. Z. A. Rahman, M. R. M. Salleh, Z. Ismail, and M. F. A. Khanan,
“Vulnerability mapping and analysis: An implementation in Geohazard areas in Sabah,” Int. Arch.
Photogramm. Remote Sens. Spat. Inf. Sci. - ISPRS Arch., vol. 42, no. 4/W9, pp. 189-200, 2018, doi:
10.5194/isprs-archives-XLI11-4-W9-189-2018.

T. T. N. Nguyen and C. C. Liu, “A new approach using AHP to generate landslide susceptibility maps in
the chen-yu-lan watershed, Taiwan,” Sensors (Switzerland), vol. 19, no. 3, 2019, doi:
10.3390/519030505.

M. Papathoma-Kohle, “Vulnerability curves versus vulnerability indicators: application of an indicator-
based methodology for debris-flow hazards,” Nat. Hazards Earth Syst. Sci. Discuss., no. March, pp. 1-
30, 2016, doi: 10.5194/nhess-2016-76.

M. Papathoma-Kohle, G. Cristofari, M. Wenk, and S. Fuchs, “The importance of indicator weights for
vulnerability indices and implications for decision making in disaster management,” Int. J. Disaster Risk
Reduct., vol. 36, no. July 2018, p. 101103, 2019, doi: 10.1016/j.ijdrr.2019.101103.

M. Papathoma-Kdhle, B. Neuhduser, K. Ratzinger, H. Wenzel, and D. Dominey-Howes, “Elements at
risk as a framework for assessing the vulnerability of communities to landslides,” Nat. Hazards Earth
Syst. Sci., vol. 7, no. 6, pp. 765-779, 2007, doi: 10.5194/nhess-7-765-2007.

M. I. H. Reza, S. A. Abdullah, S. B. M. Nor, and M. H. Ismail, “Integrating GIS and expert judgment in
a multi-criteria analysis to map and develop a habitat suitability index: A case study of large mammals
on the Malayan Peninsula,” Ecol. Indic., vol. 34, pp. 149-158, 2013, doi: 10.1016/j.ecolind.2013.04.023.
P. L. Brantingham and P. J. Brantingham, “Criminality of place Crime generators and crime attractors,”
1995.

J. L. Fitterer and T. A. Nelson, “A Review of the Statistical and Quantitative Methods Used to Study
Alcohol-Attributable Crime,” pp. 1-24, 2015, doi: 10.1371/journal.pone.0139344.

C. Nee and M. Taylor, “Examining burglars’ target selection: Interview, experiment or
ethnomethodology?,” Psychol. Crime Law, vol. 6, no. 1, pp. 45-59, 2000, doi:
10.1080/10683160008410831.

J. Malczewski and A. Poetz, “Residential Burglaries and Neighborhood Socioeconomic Context in
London, Ontario: Global and Local Regression Analysis *,” Prof. Geogr., vol. 57, no. October 2003, pp.
516-529, 2005.

R. Wright, R. Logie, and S. Decker, “Criminal Expertise and Offender Decision Making: An
experimental study of the target selection process in Residential Burglary,” J. Res. Crime Deling., vol.
32, no. 1, pp. 39-53, 1995.

K. J. Bowers, S. D. Johnson, and K. Pease, “Victimisation and re-victimisation risk, housing type and



IGRSM 2020 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 540 (2020) 012042  doi:10.1088/1755-1315/540/1/012042

[47]
[48]
[49]
[50]

[51]

[52]
[53]

[54]

[55]

[56]

[57]

[58]
[59]

area: A study of interactions,” Crime Prev. Community Saf., vol. 7, no. 1, pp. 7-17, 2005, doi:
10.1057/palgrave.cpcs.8140205.

D. J. K. Beavon, P. J. Brantingham, and P. L. Brantingham, “The Influence of Street Networks on the
Patterning of Property Offenses,” 1994.

G. Agarbati, G. A. Universit, and G. Agarbati, “Burglary Risk Assessment of Buildings : a semi-
quantitative method,” no. January, 2015, doi: 10.13140/RG.2.1.4352.5602.

S. Sarangi and D. Youngs, “Spatial Patterns of Indian Serial Burglars with Relevance to Geographical
Profiling,” vol. 115, no. May, pp. 105-115, 2006.

K. Teknomo, “Analytical Hierarchy Process (AHP) Tutorial,” 2006. [Online]. Available:
https://people.revoledu.com/kardi/tutorial/ AHP/.

J. A. Alonso and M. T. Lamata, “Consistency in the analytic hierarchy process: A new approach,” Int. J.
Uncertainty, Fuzziness Knowlege-Based Syst., vol. 14, no. 4, pp. 445-459, 2006, doi:
10.1142/S0218488506004114.

T. L. Saaty, “Decision making with the analytic hierarchy process,” vol. 1, no. 1, 2008.

C. Vandeviver, T. Neutens, S. Van Daele, D. Geurts, and T. Vander, “A discrete spatial choice model of
burglary target selection at the house-level,” Appl. Geogr., vol. 64, pp. 24-34, 2015, doi:
10.1016/j.apge0g.2015.08.004.

S. H. S. Ahmad Ubaidillah, R. Sallehuddin, and N. A. Ali, “Cancer detection using aritifical neural
network and support vector machine: A comparative study,” J. Teknol. (Sciences Eng., vol. 65, no. 1, pp.
73-81, 2013, doi: 10.11113/jt.v65.1788.

L. Ahmad, A. Eshlaghy, A. Poorebrahimi, M. Ebrahimi, and A. Razavi, “Using Three Machine Learning
Techniques for Predicting Breast Cancer Recurrence,” J. Heal. Med. Informatics, vol. 04, no. 02, pp. 2—
4, 2013, doi: 10.4172/2157-7420.1000124.

H. Asri, H. Mousannif, H. Al Moatassime, and T. Noel, “Using Machine Learning Algorithms for Breast
Cancer Risk Prediction and Diagnosis,” Procedia Comput. Sci., vol. 83, no. Fams, pp. 1064-1069, 2016,
doi: 10.1016/j.procs.2016.04.224.

M. M. Gromiha and M. Suwa, “Discrimination of outer membrane proteins using machine learning
algorithms,” Proteins Struct. Funct. Bioinforma., vol. 63, no. 4, pp. 1031-1037, Feb. 2006, doi:
10.1002/prot.20929.

F. Thabtah, “Autism Spectrum Disorder Screening,” pp. 1-6, 2017, doi: 10.1145/3107514.3107515.

W. Zhu, N. Zeng, and N. Wang, “Sensitivity , Specificity , Accuracy , Associated Confidence Interval
and ROC Analysis with Practical SAS ® Implementations K & L consulting services , Inc, Fort
Washington , PA Octagon Research Solutions , Wayne,” NESUG Heal. Care Life Sci., pp. 1-9, 2010.





