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ABSTRACT

Criminality is a complex issue in Indonesia that holds great importance for the government, law en-
forcement agencies, and society. The underlying causes of Indonesia’s crime problem are complex and
impacted by various circumstances. This research aims to model the crime problem in Indonesia and
identify the factors that influence it. The method used in this research is Negative Binomial Regression.
The results of the study indicate that the negative binomial regression model can be effectively used to
model criminal problems, as the variance value is significantly greater than the average. Based on the
parameter significance test results, both simultaneously and partially, the open unemployment rate, Gini
ratio, average years of schooling, and prevalence of inadequate food consumption significantly affect the
crime rate, with an Akaike’s Information Criterion Corrected (AICc) value of 698,098. These findings
suggest that addressing economic inequality, unemployment, education, and food security could help
reduce crime in Indonesia. Policies aimed at improving job opportunities, reducing income disparity,
and enhancing education and food security are crucial in mitigating crime. This study offers policy-
makers and law enforcement agencies valuable insights, providing a foundation for more targeted and
effective crime prevention strategies. Future research could employ the robust Poisson Inverse Gaussian
Regression method to avoid the overdispersion problem.

Accredited by Kemenristekdikti, Decree No: 200/M/KPT/2020
DOI: https://doi.org/10.30812/varian.v8i2.4445

Corresponding Author:

Andrea Tri Rian Dani,
Department of Statistics, Universitas Mulawarman,
Email: andreatririandani@fmipa.unmul.ac.id

Copyright ©2025 The Authors.
This is an open access article under the CC BY-SA license.

How to Cite:
Dani, A. T. R., Fathurahman, M., Ni’matuzzahroh, L., Permata, R. P., & Putra, F. B. (2025). Exploring Crime Problems from A
Statistical Point of View with Negative Binomial Regression. Jurnal Varian, 8(2), 199-208.
This is an open access article under the CC BY-SA license (https://creativecommons.org/licenses/by-sa/4.0/)

A. INTRODUCTION
Criminality is a complex problem in Indonesia that is of particular concern to the government, law enforcement officials, and

society (Nurferyanto & Takahashi, 2024). The crime rate in Indonesia has fluctuated every year (Sugiharti et al., 2023). According to
publications from the Central Bureau of Statistics, the number of crimes in Indonesia that were reported in 2020 was 247218 cases;
in 2021, as many as 239481 cases; in 2022, as many as 372965 cases, where the number of criminal cases in 2022 has increased quite
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drastically compared to the previous year, namely an increase of 55.73%. Then, in 2023, there were 372,897 cases, a slight decrease
from the previous year. The types of criminal cases in Indonesia are very diverse, such as theft, robbery, persecution, and murder,
and more complex criminal cases, such as corruption, money laundering, and human trafficking (Badan Pusat Statistik, 2024).

The root causes of criminality in Indonesia are diverse and influenced by various factors; therefore, a comprehensive approach
is necessary to address these causes effectively. Before overcoming these problems, it is necessary to further and deeply identify
the factors that affect the crime rate in Indonesia so that the policies taken by the government are right on target and able to handle
and reduce the crime rate in Indonesia. In identifying the factors that influence crime, we can utilize one of the statistical methods,
specifically regression analysis. Regression analysis can model the relationship between one or more predictor variables and response
variables (Coshall & Hardle, 1993; Dani et al., 2021; Suparti et al., 2020). The response variables used in most studies are continuous
so that this study will develop regression analysis with discrete response variables (Widyaningsih et al., 2021). If the response variable
in regression analysis is discrete, several alternative methods can be used, such as developing regression analysis, namely Poisson
and negative binomial regression (Fathurahman, 2022).

Some assumptions must be met in Poisson regression analysis. One of these is the equidispersion assumption, which states
that the variance and mean values of the response variable must be the same. In simpler terms, this means that the data should
be evenly distributed around the mean. However, overdispersion circumstances are frequently encountered for discrete response
variables, where the variance and mean values are not equal, or the variation value exceeds the mean. Based on this, negative
binomial regression is appropriate method for dealing with overdispersion than Poisson regression. If Poisson regression analysis is
used when there is overdispersion, the estimated model parameters will be underestimated. This is demonstrated when the model
parameter significance test results indicate that the predictor variable influences the response variable while having no significant
effect (İyit & Sevim, 2023). Based on current reality, criminological data rarely display the same variance and mean values, making
negative binomial regression research increasingly popular for studying crime. Negative binomial regression analysis can describe
the relationship between the response variable and the predictor variable under study (Jhwueng & Wu, 2023; Stoklosa et al., 2022).
Negative binomial regression is a non-linear regression model based on the Poisson-gamma mixture distribution (Keswari et al.,
2014). Several studies have used negative binomial regression analysis, including research conducted by Fitrial and Fatikhurrizqi in
2020 modeled the number of COVID-19 cases in Indonesia using a Poisson regression and negative binomial regression approach
(Fitrial & Fatikhurrizqi, 2021). Sauddin et al. (2020) also modeled the number of maternal deaths in South Sulawesi Province using
negative binomial regression. Other studies that serve as references for this study include Alem et al. (2024); Kang et al. (2021);
Khattak et al. (2024); Ramadan et al. (2024); Stoklosa et al. (2022). The difference between this research and previous research is
the application of negative regression to the crime problem in Indonesia. The response variable in this study is discrete and exhibits
an overdispersion problem; hence, negative binomial regression is one of the methods utilized to address this issue.

Based on the description above, this study identifies the factors that affect the criminality rate in Indonesia in 2023 using
negative binomial regression analysis and selects the best model using the Akaike’s Information Criterion Corrected (AICc) value.
This study aims to identify factors that significantly affect the criminality rate in Indonesia, providing input for the government and
law enforcement to prevent and address criminality in the country.

B. RESEARCH METHOD
The criminality rate in Indonesia is the subject of this study, with data sourced from the Republic of Indonesia’s Central Statistics

Agency (BPS) publication. In this study, the population is the crime rate in each province of Indonesia, and the sample is the crime
rate in each province of Indonesia in 2023. Table 1 shows the factors used in this investigation.

Table 1. Research variables
Notation Variable Operational Definition Data Type

y Criminality Rate A crime rate is a number that indicates the frequency of crimes
in a specific area and during a specified time frame.

Discrete

x1 Population Density Population density refers to the number of people residing in a
square kilometer of land.

Continue

x2 Open Unemployment Rate The percentage of unemployed persons to the whole work
force is the Open Unemployment Rate.

Continue

x3 Gini Ratio The gini coefficient is a measurement tool to assess the level
of income inequality or economic welfare in a region.

Continue
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Notation Variable Operational Definition Data Type
x4 Average Years of Schooling The average number of years of schooling (AYS) is a statistic

displaying the formal education intake of the population aged
15 years and above.

Continue

x5 Prevalence of Inadequate Food Consumption Prevalence of Food Consumption Inadequacy is a condition in
which a person regularly consumes an insufficient amount of
food to meet the energy needs for a normal, active, and healthy
life.

Continue

The steps in conducting data analysis are written as follows:

1. Exploring data for each predictor variable and response variable.
2. Detect multicollinearity between predictor variables using the Variance Inflation Factor (VIF) criterion in Equation (1).

V IF =
1

1−R2
j

(1)

Where R2
j is the coefficient of determination between variable xj and other independent variables, with j = 1, 2, . . . , p.

The Variance Inflation Factor (VIF) is a measure used to detect multicollinearity. VIF value greater than 10 indicates a multi-
collinearity problem. In negative binomial regression modeling, it is expected that there will be no multicollinearity problem.

3. Detecting cases of overdispersion based on mean and variance values in Equations (2) and (3).

ȳ =
1

n

n∑
i=1

yi (2)

σ2 =
1

n− 1

n∑
i=1

(yi − ȳ) (3)

where ȳ is the mean, σ2 is the variance. Detection of overdispersion can be done by examining the mean, which is smaller than
the variance of the response variable data.

4. Performing negative binomial regression modeling, the parameter estimation method is Maximum Likelihood Estimation
(MLE) with the Fisher Scoring iteration. The negative binomial probability function is written in Equation (4).

P (y = yi|λ; ζ) =
Γ
(
yi +

1
ζ

)
Γ (yi + 1)Γ

(
1
ζ

) ( 1

1 + ζλ

)1/ζ (
ζλ

1 + ζλ

)yi

(4)

for i = 1, 2, . . . , n and ζ ≥ 0 with λ = E(yi) is an average form yi similar with mean, ζ is dispersion parameter, yi is response
variable. Using the natural logarithm as a linking function, the negative binomial regression model namely ln (λi) = xT

i γ in
Equation (5)

λi = exp
(
xT
i γ
)
+ εi (5)

using Maximum Likelihood Estimation (MLE), the Likelihood function from Equation (6).
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If ℓ(γ, λ) = lnL(γ, λ), then it is known that the ln-likelihood function in Equation (7),

ℓ(γ, λ) =

n∑
i=1

y−1∑
j=1

ln
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λ
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) (7)

the partial derivative of function ℓ(γ, λ) is in the form of a function that is not explicit, so it requires the help of iteration. The
iteration used in this study is the Fisher-Scoring algorithm, as outlined in Equation (8).

γ̂m+1 = γ̂(m) − I−1
(
γ̂(m)

)
gT
(
γ̂(m)

)
(8)
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The iteration is terminated when it reaches a convergent state , where is a very small positive real number.
5. Evaluating the negative binomial regression model’s parameters for significance both simultaneously and partially

Hypothesis formulation from simultaneous testing
H0 : γ1 = γ2 = . . . = γj = 0

H1 : at least there is one γj ̸= 0, j = 1, 2, . . . , p
The test statistic used is G in Equation (9).

G = −2 ln
(

L(ω̂)

L(Ω̂)

)
−2
(
ℓ
(
Ω̂
)
− ℓ (ω̂)

) (9)

with,
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The testing criteria is H0 rejected when the value G > χ2
(α,p). Next, the hypothesis formulation from partial testing:

H0 : γj = 0

H1 : γj ̸= 0, j = 1, 2, . . . , p
The test statistic utilizes the Z-test statistic as presented in Equation (10).

Z =
γ̂j

SE(γ̂j)
(10)

The testing criteria is H0 rejected when the value |Z| > Zα/2.
6. Perform interpretation and draw conclusions.

C. RESULT AND DISCUSSION
1. Exploration Data

In this research, descriptive statistics are used in the form of bar charts for the response variable (y), specifically the Crim-
inality Rate. By using the median value as the assessment limit, we can determine which provinces have numbers above the
median (indicating danger) and those below the median. From this description, it can be used as an initial exploration of areas
prone to crime.

Figure 1. Bar Chart

Jawa Timur, Sumatera Utara, DKI Jakarta, Jawa Tengah, and several other provinces are known to have crime rates higher
than the median value, as shown in Figure 1. Population density, economic issues, and ineffective law enforcement are just a few
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of the numerous factors contributing to high crime rates in certain regions. The goal of this study is to identify what causes and
influences high crime rates, which utilizes statistical inference with negative binomial regression.

2. Multicollinearity Detection
The goal of multicollinearity detection is to determine if the predictor variables have a strong linear relationship. It is

believed that multicollinearity will not be an issue in regression modeling. The researchers in this study looked for signs of
multicollinearity using the VIF value. The results of the multicollinearity detection are shown in Figure 2 and Table 2.

Table 2. VIF value

x1 x2 x3 x4 x5

1.528 1.518 1.178 1.712 1.103

Figure 2. Correlation Matrix

Figure 2 shows that the stronger the connection between the predictor variables, the darker the correlation matrix. Suppose
all the predictor variables in Table 2 have VIF values less than 10. In that case, there is no multicollinearity issue with the
predictor variables, supported by the results in Figure 2.

3. Overdispersion Problem Detection
Detection of overdispersion problems in crime rate data in Indonesia using mean and variance measures. Overdispersion is

a condition where the variance value is greater than the mean value (V ar (yi) > E (yi)). Descriptive statistics for the response
variable (yi) are shown in Table 3.

Table 3. Descriptive Statistics

Mean Variance Minimum Maximum
10967.560 161244632 1220 51905

According to Table 3, the crime rate data in Indonesia can be modeled using negative binomial regression, as it addresses
the overdispersion problem. Negative binomial regression is an alternative model that can represent discrete data in situations of
overdispersion.

4. Modeling Criminality Rate Using Negative Binomial Regression
The general model of negative binomial regression is shown in Equation 12, represent the crime rate µi as an exponential

function of several explanatory variables. In this model, the crime rate is influenced by factors such as population density, open
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unemployment rate, Gini ratio, average years of schooling, and prevalence of inadequate food consumption, which are captured
by the coefficients γ1, γ2, γ3, γ4, and γ5.

µi = exp (γ0 + γ1x1i + γ2x2i + γ3x3i + γ4x4i + γ5x5i) + ei (11)

To estimate the model’s parameters, we employed Maximum Likelihood Estimation (MLE) with Fisher-Scoring iteration, a
commonly used method for estimating parameters in count data models, such as the negative binomial regression. The results of
the parameter estimation are presented in Table 4, where the coefficients and standard errors of each parameter are provided.

Table 4. Parameter estimation results

Parameter Estimation Coefficient Standard Error
γ̂0 9.180 2.131
γ̂1 3.436× 10−5 5.776× 10−5

γ̂2 3.312× 10−1 9.789× 10−2

γ̂3 7.234 3.031

γ̂4 -4.005× 10−1 2.032× 10−1

γ̂5 4.459× 10−2 1.710× 10−2

Following Table 4, a parameter significance test was conducted to determine whether the parameters significantly contribute
to explaining the variation in the crime rate. Both simultaneous and partial significance tests were applied to evaluate the
statistical significance of each parameter. These tests help in identifying which variables have a meaningful relationship with the
crime rate, guiding further policy and intervention strategies. The hypothesis for the simultaneous test of the negative binomial
regression model is presented below, and the G-test statistics are displayed in Table 5.

Hypothesis:
H0 : γ1 = γ2 = · · · = γ5 = 0

(predictor variables simultaneously do not affect the criminality rate in Indonesia)
H1 : there is at least one γj ̸= 0, j = 1, 2, . . . , 5

(predictor variables simultaneously affect the criminality rate in Indonesia.)

Table 5. G test statistics

G p-value χ2
(0.05, 5)

20.432 0.001 11.071

From Table 5, the results of the G test statistics obtained G value of 20.432 is greater than χ2
(0.05, 5) of 11.071 and or p-value

< 0.05 so that the decision H0 is rejected. The predictor variables simultaneously affect the crime rate in Indonesia. Furthermore,
partial testing aims to determine which predictor variables have a substantial impact on the response variable. The test statistic
used is the Z-test statistic with a significance level of 0.05, and the decision is shown in Table 6. The partial test hypothesis:

Hypothesis:
H0 : γj = 0

(predictor variable partially do not affect the criminality rate in Indonesia)
H1 : γj ̸= 0, j = 1, 2, . . . , 5

(predictor variable partially affect the criminality rate in Indonesia)

Table 6. Z Test Statistics

Parameter |Z|value Zα/2 p-value Decision
γ̂0 4.308 1.96 1.65× 10−5

γ̂1 0.595 1.96 0.552 Failed to Reject the null hypothesis
γ̂2 3.383 1.96 0.001 Reject the null hypothesis
γ̂3 2.387 1.96 0.017 Reject the null hypothesis
γ̂4 1.971 1.96 0.049 Reject the null hypothesis
γ̂5 2.607 1.96 0.009 Reject the null hypothesis
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It is known that there are four predictor variables with values |Z| > Zα/2(1.96) which indicates H0 is rejected, meaning
the predictor variable is significant. The significant predictor variables are open unemployment rate (x2), Gini ratio (x3), average
years of schooling (x4), and prevalence of inadequate food consumption (x5). The negative binomial regression model formed
has an AICc value of 698.098. Furthermore, based on Table 4, the negative binomial regression model can be written in Equation
13.

µi = exp
(
9.180 + 3.436 × 10−5x1i + 3.312 × 10−1x2i + 7.234x3i − 4.005 × 10−1x4i + 4.459 × 10−2x5i

)
(12)

Based on the negative binomial regression model, it can be seen that: (1) If (x1) population density increases by one unit
while other factors remain constant, the average criminality rate (y) will increase by exp(3.436 × 10−5) or 1.000 times. (2)
For every one unit increase in the (x2) open unemployment rate while other factors remain constant, the average criminality
rate (y) will increase by exp(3.312 × 10−1) or 1.393 times. (3) For every one unit increase in the Gini ratio (x3) while other
factors remain constant, the average criminality rate (y) will increase by exp(7.234) or 1385.754 times. (4) For every one unit
increase in the average years of schooling (x4) while other factors remain constant, the average criminality rate (y) will decrease
by exp(−4.005 × 10−1) or 0.667 times. (5) For every one unit increase in the prevalence of insufficient food consumption (x5)
while other factors remain constant, the average criminality rate (y) will increase by exp(4.459 × 10−2) or 1.046 times.

The problem of crime rates indicates an overdispersion problem where the classical regression model cannot be used.
Moreover, the crime rate is a discrete variable; therefore, the negative binomial regression model, which incorporates a dispersion
parameter, is one alternative that can be used. The findings of this study indicate that four variables have a significant influence
on crime. This is also supported by research by Fatmala et al. (2024), which explains that negative binomial regression is
an alternative that can be used to overcome the overdispersion problem. Negative binomial regression has a smaller AIC value,
making it more effective for use in the modeling process. Other research by Manurung et al. (2024) showed that negative binomial
regression is an alternative modeling that can be used when overdispersion problems occur and is better than Poisson regression.
In this research, the application of the negative binomial regression model to crime problems is novel, as it has not been used
before. Based on the significant predictors, the government could consider to: implement policies to reduce unemployment
rates, such as job creation programs, skills training initiatives, and support for small and medium-sized enterprises; invest in
infrastructure development to stimulate job growth; Improve Education Access and Quality: increase access to quality education
at all levels and provide scholarships and financial aid to support students; implement programs to improve food security, such
as food assistance programs, school meal programs, and support for local food production; the government should regularly
evaluate the impact of its policies on the outcome variable. This will help to identify which policies are most effective and inform
future policy decisions, and; continuous monitoring and analysis of relevant data are crucial for understanding the underlying
factors affecting the outcome variable and for informing effective policy interventions.

D. CONCLUSION AND SUGGESTION
The best negative binomial regression model is one of the alternatives to model the crime rate in Indonesia where there is

an overdispersion problem. It is known that the significant predictor variables are open unemployment rate (x2), Gini ratio (x3),
average years of schooling (x4), and prevalence of inadequate food consumption (x5). Goodness criteria using AICc with a value of
698,098. The findings suggest that addressing issues such as unemployment, income inequality, education, and food security could be
essential in reducing crime. Policymakers should focus on creating programs that improve employment opportunities, reduce income
inequality, enhance educational access, and improve food security to mitigate crime in Indonesia. Suggestions for further research
include utilizing the robust Poisson Inverse Gaussian Regression method to model data that exhibits overdispersion or underdispersion
issues.
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