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Abstract – Crime is behavior that violates laws and 
social norms. One area of Indonesia with a relatively 
high number of crimes is East Java. Data on the 
number of crimes in East Java in 2020 showed 
overdispersion and multicollinearity. This study aims 
to model the number of crimes reported in East Java 
by considering the spatial effects in the data. The 
methods used to analyze the data are GPR, GWANN 
and GWGPR. Moreover, we also determine the results 
of comparing the three methods using R2 and RMSE. 
The study results show that GWANN provides better 
results to model the number of reported crimes 
compared to GWGPR and GPR. The results show that 
the GWANN model results in eight groups using the 
three highest value of the variable importance.  

Keywords – crime, GWANN, GWGPR, variable 
importance.  

1. Introduction

Indonesia is a country consisting of 34 provinces, 
one of which is East Java. Astronomically, East Java 
Province has an area of 47,803.49 km2.
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It is located between 112° 36′ – 112° 54′ EL and 
7°9′- 7°21′ SL, consists of nine cities and 29 
regencies with a population of 40.666 million in 
2020. 

Criminology is an academic discipline that system
atically studies making laws, breaking laws, and resp
onding to law violations [1], [2], [3]. In a formal 
juridical sense, crime is a behavior contrary to human 
morality, harms society, is asocial, and violates the 
law and criminal law. According to BPS-Statistics, 
Indonesia, the Polri registration data noted that the 
number of crimes in Indonesia in 2018–2020 tended 
to decrease. Data on the number of reported crimes 
shows that the East Java Regional Police ranks third 
in Indonesia after the North Sumatra Regional Police 
and the Metro Jaya Regional Police. The crimes 
documented in East Java Province amounted to 
17,642 incidents spread across 29 districts and nine 
cities. 

The research about panel regression of the factors 
that influence the amount of crime in East Java [4] 
finds that economic growth, number of poor people, 
and  population density influence the crime rate in 
East Java. The research was carried out by [5] 
regarding the effect of education, income gap, and 
poverty on crime in Indonesia. Results showed that 
extreme poverty has a positive impact on crime in 
Indonesia. Research conducted by [6] on the 
relationship between unemployment and 
noneconomic factors with crime rates in Indonesia 
states that unemployment has no effect on murder, 
and non-economic factors are assertive in explaining 
murder and violent crimes.  

The spread of crime cases in East Java is different 
for each regency/city. The number of crimes reported 
in East Java Province is counted data and can be 
analyzed using Poisson regression. Poisson 
regression has an assumption that is the mean and 
variance are the same, but sometimes the variance is 
greater than the mean. It is known as the 
overdispersion case.  
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Overdispersion cases can be modeled using 
Generalized Poisson Regression (GPR). Research 
conducted by [7] concerns modeling the crime rate in 
East Java province, Indonesia, using the GPR 
method. This study shows that there are 
overdispersion symptoms in the data, and the 
significant variables that related to the crime rate are 
the percentage of poor people, expenditure, 
unemployment rate, and number of  households. The 
study did not pay attention to spatial effects, so the 
pattern of crime cases was not detected in every area 
in East Java province.  

One of the statistical methods that can be used to 
perform spatial heterogeneity analysis is 
Geographically Weighted Generalized Poisson 
Regression (GWGPR). It is an expansion method of 
GPR. Previous research uses the GWGPR method 
[8]. This study uses the GWGPR and GWNBR 
methods to measure the number of postpartum 
maternal mortality cases. It results  that GWGPR 
with a fixed bisquare kernel has the best 
performance. 

The Poisson models have a good performance, 
when there is no multicollinearity in the data. 
Multicollinearity can cause the parameter estimates 
obtained to be biased. It causes instability in the 
Poisson model formed [9]. 

Another method used to analyze spatial 
heterogeneity is research conducted by Hagenauer 
and Helbich [10] using the Geographically Weighted 
Artificial Neural Network method. This research 
shows that GWANN is better than GWR for 
nonlinear data and has a high spatial variance. 
GWANN is a variant of ANN that combines ANN 
and geographic weighting to model spatial 
heterogeneity data. 

This research investigates the regression methods 
by considering the existence overdispersion, the 
spatial heterogeneity, and multicollinearity in the 
data to find the existence location groups of the 
number of crime in Esat Java based on some 
explanatory variables. The techniques used are GPR, 
GWGPR and GWANN. 

2. Method

We use the crime data from the East Java BPS 
statistics, Indonesia. The response variable (Y) is the 
number of reported crimes (total crime), and the 
explanatory variables (X1-X5) are described in Table 
1. There are 38 locations in East Java, consisting of
nine cities and 29 regencies. 

Table 1. Research Variables 

Variable Description 
𝑌 Number of Crimes Reported 
𝑋1 Percentage of Poor Population 
𝑋2 Poverty Depth 
𝑋3 Index Sex Ratio 
𝑋4 Average School Years 
𝑋5 Human Development Index 

The steps of this research are given as follows: 
1. Performing a descriptive analysis;
2. Conducting a multicollinearity test based on the

VIF value [11];
3. Doing Poisson regression modeling [12];
4. Checking data for  overdispersion [13];
5. Performing spatial heterogeneity testing to model

GWGPR and GWANN using the Breusch-Pagan
test [14];

6. Performing GWGPR modeling [14] with the
following steps;

a) Testing simultaneously the significance of
parameters;

b) Testing partially the significance of
parameters;

c) Determining the value of R2 and RMSE [15].
7. Performing GWANN modeling [10], [16],  with

the following steps;
a) Defining data in matrix form;
b) Setting hyperparameters;
c) Determining the value of R2 and RMSE

8. Comparing the GWGPR and GWANN models
using R2 [17] and RMSE [18];

9. Concluding.

3. Results

In this section, we give results of the research, 
explain the characteristics of the data, compare the 
methods and present more detail the best method.  

3.1.  Descriptive Statistics 

Descriptive statistics contain the average, 
variance, minimum, and maximum values of the 
response and explanatory variables (Table 2).  

Table 2. Descriptive Statistics of the Data 

Variable Average Variance Min Max 
𝑌 600 187,571.5 70 1,850 
𝑋1 11.021 20.86483 3.890 22.780 
𝑋2 1.692 0.8343144 0.590 4.330 
𝑋3 97.20 6.49394 90.75 101.20 
𝑋4 7.942 2.340792 4.850 11.140 
𝑋5 71.87 25.46523 62.70 82.23 
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Based on Table 2, the number of reported crimes 
(Y) has an average value of 600 and a variance value 
of 187,571.5. The lowest number of crime cases is in 
Batu City, with 70 crimes, while the highest number 
was in Malang Regency, with 1,850 crimes. The 
Figure 1 is a map of the distribution of reported 
crimes in East Java.   

Figure 1. Distribution of the number of reported crimes in 
East Java 

3.2.  Multicollinearity Test 

We conducted multicollinearity test to find the 
existence correlation between the explanatory 
variables. We used variance inflation factor  (VIF)  to 
measure the presence of multicollinearity in the data. 
Table 3 presents the VIF value of the explanatory 
variables. 

 

Table 3. VIF Values 
Predictor VIF 

𝑋1 12.826694 
𝑋2 8.108023 
𝑋3 1.496214 
𝑋4 25.015707 
𝑋5 25.337702 

Based on Table, most of the VIF value exceed 5. 
It indicates there are multicollinearity cases in the 
data.  

3.3.  Overdispersion 

In the crime data, the variance is greater than the 
mean value. Therefore, in this case there is 
overdispersion in the data. In addition, 
overdispersion can also be detected by the deviation 
value divided by the degrees of freedom of Poisson 
regression, ie. 

𝜃 =
𝑑𝑒𝑣𝑖𝑎𝑛𝑐𝑒

𝑑𝑓
=

6486.3
32

= 202.69 

The quotient value is more than one, showing the 
existence of overdispersion in the data.  

3.4.  Spatial Heterogeneity Test 

The heterogeneity test results using Breusch-
Pagan give a value of 12.04 and a p-value of 
0.03424. 

It means that the BP value is greater than 𝜒(0.05;5)
2 . 

namely 12.04 > 11.07 and the p-value is less than 𝛼 
of 0.05, therefore the decision to reject 𝐻0 or the 
variances between different locations differ. This 
result means that there are differences in 
characteristics at each observation location. 

3.5.  GPR, GWGPR, and GWANN Models 

Generalized Poisson Regression (GPR) is a 
method to handle the existence overdispersion or 
underdispersion in the Poisson data. It is a global 
model and development of Poisson regression.  The 
GPR model ignores spatial effects, so we cannot 
detect the characteristic differences between 
locations.  In this research, the GPR model results 
that the average length of school variable (X4) and 
the human development index variable (X5) 
significantly related to the number of crimes in East 
Java, Indonesia (Table 4). 

Table 4. Estimated Parameters of GPR model 
Coefficients Estimate Std.Error Z value 

�̂�0 -12.27901 6.28480 -1.954 
�̂�1 -0.07469 0.07494 -0.997 
�̂�2 0.28330 0.29302 0.967 
�̂�3 0.08911 0.05098 1.747 
�̂�4 -0.76943 0.32019 -2.403* 
�̂�5 0.22812 0.09407 2.425* 

Deviance 11.52252 
Note: * Significant at α = 0.05 

Regression considering spatial effects can provide 
an overview of distribution patterns for each region 
resulting in a more accurate model. GWGPR 
estimates the local parameter of each location. The 
optimum bandwitdth for this model is 0.9999371 
(CV = 7231412) using an adaptive bisquare kernel. 
By using significance level (α = 0.05), the research 
on the GWGPR model results in four groups 
locations (Table 5).  

Table 5.  The Grouping Locations Based on Significant 
Variables Using GWGPR  
Group Significant 

variable 
Regency/City 

1 𝑋4 Jember 
3 𝑋5 Batu 
4 𝑋4 and 𝑋5 Pacitan, Ponorogo, Trenggalek, 

Tulungagung, Blitar, Kediri, 
Malang, Lumajang, Pasuruan, 
Sidoarjo, Mojokerto, Jombang, 
Nganjuk, Madiun, Magetan, 
Ngawi, Bojonegoro, Kota Kediri, 
Kota Blitar, Kota Malang, Kota 
Probolinggo, Kota Pasuruan, Kota 
Mojokerto, Kota Madiun. 

4 no 
significant 
variable 

Other areas (12 locations) 
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GWANN is the development of an Artificial 
Neural Network (ANN) that uses geographic 
weights. As GWGPR, GWANN build the model of 
each location. Using GWANN method we get eight 
groups of locations using the three most important 
variable (Table 7). 

3.6.  Comparing the Methods 

We compare the models by looking at the R2 and 
RMSE value. The comparison results can be seen in 
the Table 6. 

Table 6. Best Model Selection 

Method 𝑅2 RMSE 

GWANN 0.9291596 113.7452 

GPR 0.2765377 363.4967 

GWGPR 0.3209243 352.1694 

Based on the best model results, we find that 
GWANN is better than GPR and GWGPR in 
modeling reported East Java’s crime cases. The 
value of 𝑅2 of the GWANN model is closer to 1 
than the the other models, which means that the 
GWANN model has better results of 𝑅2. The RMSE 
value is better if the value is smaller, which means 
that the RMSE value of GWANN is better than the 
RMSE of GPR and GWGPR. 

3.7.  GWANN Model 

In this research. GWANN model is obtained by 
training the model using different hidden neurons 
between 5 and 40. The batch sizes used are 5, 25, 50, 
and 100. and the three optimizers used are 
momentum, sgd, and Nesterov. The kernels used in 
modeling GWANN is adaptive bisquare. 

 The best model with the smallest RMSE value is 
obtained when the hidden neuron value is 40, batch 
size is equal to 5, momentum optimizer and the 
optimum bandwidth of 3. In these conditions, we get 
an RMSE value of 113.7452.   

The variable importance is used to see whether 
the research variable has a role in this modeling. 
Regency/city grouping is related to the three highest 
values of the variable importance.  

Table 7. Location Groups Based on Three Variable 
Importance of the GWANN model 

Important 
Variable Regency/City 

𝑋1𝑋2𝑋3 Mojokerto, Bojonegoro, Sampang 
𝑋1𝑋2𝑋4 Ngawi, Lamongan, Kota Probolinggo, 

Batu 
𝑋1𝑋2𝑋5 Pacitan, Ponorogo, Magetan 
𝑋1𝑋3𝑋5 Blitar, Sidoarjo, Surabaya 
𝑋1𝑋4𝑋5 Lumajang, Jember, Jombang, Nganjuk, 

Pamekasan, Sumenep, Kota Kediri, 
Kota Blitar 

𝑋2𝑋3𝑋4 Bangkalan, Kota Madiun 
𝑋2𝑋3𝑋5 Trenggalek, Kediri, Bondowoso, 

Situbondo, Probolinggo, Madiun, 
Tuban, Kota Malang, Kota Pasuruan, 
Kota Mojokerto 

𝑋3𝑋4𝑋5 Tulungagung, Malang, Banyuwangi, 
Pasuruan, Gresik 

Based on Table 7, we obtain eight groups using 
the three most important variables. The grouping of 
locations can be seen in the following Figure 2. 

Figure 2. Locations Groups of GWANN 

As an example, the following is the value of the 
variable importance to the number of crimes in 
Lumajang Regency. 

Table 8. Value of the importance variable in Lumajang 
Regency 

Variable Variable Importance 
𝑋1 126485.4 
𝑋2 126482.6 
𝑋3 126484.0 
𝑋4 126494.6 
𝑋5 126491.0 

Table 8 shows that the three most influential 
variables in Lumajang Regency are the percentage 
of poor people, the average length of schooling, and 
the human development index.  
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4. Conclusion

This research models criminal cases in East Java 
using the GWANN, GWGPR, and GPR methods on 
data containing multicollinearity, overdispersion, and 
spatial heterogeneity. A comparison of the GWANN, 
GWPR, and GPR methods in modeling the number 
of reported crimes shows that GWANN is better than 
GPR and GWPR based on the highest 𝑅2 value and 
the smallest RMSE. Using the three highest-
importance variables. GWANN model gives eight 
groups of locations. 
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