International Journal of Scientific Research in Computer Science, Engineering and

1SR
CSET

[

T ISSN: 2456-3307

Information Technology

1w 22

ZHel
Available Online at : www.ijsrcseit.com g
doi : https://doi.org/10.32628/IJSRCSEIT

138Q
iT

Crime in India : A Regression Analysis of Predictive Factors
Garima Sikarwar!, Manas Gupta!, Himank Singh Rajput!, Krati Agarwal!, Rashmi Pandey?

1Computer Science, Institute of Technology & Management, Gwalior, Madhya Pradesh, India

2Assistant Professor, Computer Science, Institute of Technology & Management, Gwalior, Madhya Pradesh,

India

ARTICLEINFO

ABSTRACT

Article History:

Accepted: 05 Nov 2023
Published: 25 Nov 2023

Publication Issue

Volume 9, Issue 6
November-December-2023
Page Number

112-117

The present study is about regression analysis which has the aim of & ldquo; find
the crime rate in future through regression analysis;. Regression analysis Is
widely used for prediction and forecasting. It is nothing but a inferential
statistical method that shows the relationship between two or more variable. We
will determine the crime rate through previous crime records (dataset). This
regression analysis explores the relationship between various socio-economic
and demographic factors and crime rates within a specific geographic area. The
study utilizes the dataset containing information on factors such as income
levels, education unemployment rates, population density, and law enforcement
resources. The primary objective is to assess the extent to which these
independent variables impact the dependent variable, which is the crime rate.
The findings of this regression analysis provide valuable information for
designing targeted interventions, allocating resources effectively, and developing
policies Armatrading crime rates and improving overall community safety.
Additionally, the study underscores the importance of considering various socio-
economic and demographic factors when assessing and addressing the complex
issue of crime within a specific geographic area.
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[. INTRODUCTION

enforcement strategies.In this paper, we will begin by

discussing the significance of crime reporting and the

Title: "Regression Analysis on Crime Record”. this
research paper aims to delve into the intricate world of
regression analysis as applied to crime reporting. By
exploring the multi-faceted factors influencing crime
rates, we seek to provide valuable insights that

caninformevidence-basedpolicydecisionsandlaw

implications of underreporting or misclassification.
We will then introduce the concept of regression
analysis, highlighting its relevance in the context of
crime research. Our research will focus on both
classical linear regression and more advanced

techniques such as multiple regression and spatial
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regression, all of which offer unique advantages in

dissecting the intricacies of crime data.

Data Collection and Preprocessing

Data collection and preprocessing are crucial steps in
conducting research on regression analysis. These steps
ensure that the data we use for our analysis is accurate,
reliable, and suitableforregressionmodeling.

We use a kaggle resource for our dataset. Kaggle is a
popular platform for accessing and sharing datasets for
data science and machine learning projects, including
regression analysis.

Here's a step-by- step guide on how to collect data from
Kaggle for your regression analysis: Our Kaggle
account Kaggle's data set collection to find datasets
relevant to our research question

We Carefully review the dataset description and any
accompanying documentation provided on Kaggle.
Data Preprocessing:

Data preprocessing for the "Crime in India" dataset
involvespreparingthedataforanalysis by cleaning and
transforming it as needed.Here'sastep-by-
stepguideonhowtoperform data preprocessing for this
dataset:

1. Data Loading : Load the dataset into our data analysis
environment (e.g.,Python with Pandas) from the
provided CSV file.

Importpandasaspd
crime_data=pd.read_csv("crime-in-india.csv")

2. Data Exploration : Begin by exploring the dataset to
understand its structure and contents.

* Checkthefirstfewrowsusing

‘crime_data. head () "togetanoverview.

+ Use'crime_data.info () ‘tocheckdata types and
identify missing values.

Use descriptive statistics like

*crime_data. describe ()" to gain in sights into the data's
distribution.

3.Handling Missing Values: Identify and handle
appropriately. You can remove
the

missing values
rowswithmissingvaluesorimputethembased on

context.

crime data.Dona(in place=True)
Outlier Detection and Handling: -Detectand handle
outliers if necessary. You can visualize data using box
plots or use statistical methods to identify outliers.
Decide whether to remove, transform ,or keep out
liners based on the nature of your analysis.

Data Splitting :Split the data set into training and
testing sets for model development and evaluation.
From a learn.model_selectionimport train_test_split
X=crime_data.drop ('Target_Variable',axis=1) # Define
your target variabley= crime_data ['Target _Variable']
X_train, X _test, y_train, y_test = train_test_ split
(X,y,test_size=0.2, random_state=42)

Once we've completed these preprocessing
steps ,proceed with building and evaluating our
the

Besuretovalidateyourmodelassumptionsand

regression models using prepared dataset.
select
appropriate regression techniques based on your
research question and data characteristics.
Methodology

These are the following steps to perform any regression

analyses.

Coasider data requirements for regression amalysis

————

Specify and cstimate the regression model

——

Test the assumptions of regression analysk

W

Interpret the regression resubls

—~———

Validate the regresshon results

—

Use the regrevsban model

II. LINEARREGRESSION
When applying linear regression to a crime
recorddataset,thefollowingkeyconceptsare essential:
In the context of

the

1. Dependent variable (Y):

crimerecords,thedependentvariablemightbe
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number of crimes, crime rates, or some other measure
related to criminal activities. This is the variable you
are trying to predict or explain.

2. Independent variables (X): ): These are the factors or
features that may influence the dependent variable. In
the case of crime records, these independent variables
might include socio-economic factors, geographic
information , population density, time of day, or other
relevant features that could be correlated with the
occurrence of crimes.

3. Linear relationship: Linear regression assumes a
linear relationship between the independent and
dependent variables. It implies that a change in one
independent variable will cause a proportional change
in the dependent variable, holding other variables
constant.

4. Assumptions of linear regression: These include
linearity, independence of errors, homos edasticity
(constant variance of errors), and normality of errors.
Violation of these assumptions may affect the accuracy
and reliability of the results.

5. Interpretation of coefficients: The coefficients
obtained from the linear regression model represent
the relationship between the independent variables
and the dependent variable. They indicate the change
in the dependent variable for a one-unit change in the
corresponding independent variable, while holding

other variables constant. on various factors.
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III. MULTIPLE LINEAR REGRESSION

Multiple regression is an extension of simple linear

regression that involves using two or more
independent variables to predict a single dependent
variable. In the context of a crime record dataset,
multiple regression can help to understand how a
combination of various factors may influence the

occurrence of crimes

1.Dependent variable (Y): In the context of crime
records, the dependent variable could be the number
of crimes, crime rates, or any other measure related to
criminal activities. This is the variable that you aim to

predict or explain.

2.Independent variables (X1,X2, X3,...): These
arethefactorsorfeatures thatmaycollectively
influencethedependentvariable.Inthecaseof crime

records, these independent variables could include
demographic factors, socio- economic indicators,
geographic information, time-related variables, and
other relevant features that might be correlated with
the occurrence of crimes.

3.Multiple linear relationship: Multiple regression
assumes a linear relationship
betweenthedependentvariableandmultiple

the

independent variables are associated with changes in

independentvariables.Itimpliesthatchanges in

the dependent variable, considering the effects of other
independent variables.

4. Interpretation of coefficients: The coefficients
obtained from multiple regression represent the
relationship between the dependent variable and each
independent variable, while controlling for the effects
of other variables. These coefficients indicate the
changeinthedependentvariableforaone-unit change in
the corresponding independent variable, holding other
variables constant.
5.Model assumptions: Similar to simple linear
regression, multiple regression also assumes that there
is a linear relationship between the variables, the errors

are normally distributed, the errors have constant
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variance (homoscedasticity), and the independent
variables are not highly correlated with each other (no

multi collinearity).

400

Coal particles

60 65 70 75 80 85 90 95
pH

IV.POLYNOMIALREGRESSION

Polynomial regression is a type of regression analysis
where the relationship between the independent
variable and the dependent variable is model edasa
degree polynomial. In
the context of a crime record dataset, polynomial
regression can be useful when the relationship
between the independent and dependent variables
seems to follow a curve rather than a straight line. This
can capture more complex relationships that cannot be
adequately described by a linear model

1.Dependent variable (Y): In the context of crime
records, the dependent variable could be the number
of crimes, crime rates, or any other measure related to
criminal activities. This is the variable that you aim to
predict or explain.

2.Independent variable(X):This could be a single
feature or multiple features that may have a nonlinear
relationship with the dependent variable. For example,
it could be time, population density, or any other
relevant variable

1.Polynomial

relationship: Polynomial regression

assumes that the relationship between the independent

and dependent variables follows a polynomial function.

It allows for the fitting of a curve to the data points,
the

complexpatternsandnon-linearrelationships.

enabling model to  capture  more

1.Degree of the polynomial: The degree of the
polynomial determines the flexibility of the model.
Higher the

thedatamorecloselybutcanleadtooverfitting  if

degrees  allow model to fit
not
carefully controlled. Lower degrees may not capture all
the intricacies of the data.

2.Model evaluation: Similar to other regression
techniques, the performance of the polynomial
regression model can be assessed using metrics such as
(MSE) and coefficient of
These

metricshelptoevaluatehowwellthemodelfits the data

mean squared error

determination (R-squared).

and how effective it is in making predictions.
Polynomial model

Simple linear model
A YA

By applying polynomial regression to a crime record
dataset, you can capture the complex relationships that
may exist between the independent and dependent
variables, providing amoreunderstanding ofthe factors
influencing criminal activities. This can help in making
more accurate predictions and guiding decision-
enforcement and  policy

making for law

implementation.

V. LASSOREGRESSION

Lasso regression, short for Least Absolute Shrinkage
and Selection Operator, is a type of linear regression
that employs L1 regularization to perform both
variable selection and regularization, effectively
reducing the complexity of the model. In standard
linear regression, the goal is to minimize the residual
sum of squares(RSS) between the observed and
predicted values. However, in lasso regression, an
additional term is added to the objective function,

which is the sum of the absolute values of the
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coefficients multiplied by a constant, known as the
regularization
Parameter or lambda(\).Mathematically, the lasso
regression problem can be expressed as:
{21 =1n(yi-f0- X j=1pxijfj)2}subjectto X j=1p

| Bjl <t.
The addition of the absolute values of the coefficients
to the objective function imposes a penalty on the size
of the coefficients, leading some of them to be exactly
zero, effectively performing variable selection. This
property makes lasso regression useful for applications
where one wants to automatically select the most
relevant features out of a larger set of variables ,there
by improving the interpretability of the model and
reducing over fitting. Lasso regression is particularly
valuable when dealing with high-dimensional data,
where there are many predictors, and some of them
may be irrelevant or redundant. The choice of the
regularization parameter () is crucial, as it controls the
degree of shrinkage applied to the coefficients. Cross-
validation techniques are commonly used to select an

optimal value forA.

LASSO Regression Tutorial

¥, =-.-_‘-§-‘_'-."'.:.

-

J(w) = Z( -5 +a ilxr,% ‘
=1 =1 g™

Comparison

In the field of statistics and machine learning, various
regression techniques are available, each with its own
advantages, assumptions, and use cases. Here's a
comparison of some of the most commonly used
regression techniques:

1.Linear Regression:

* Simple and easy to implement.

* Assumes a linear relationship between the dependent

and independent variables.

* Not suitable for complex relationships or data with

high variability.

2.MULTIPLE LINEAR REGRESSION:

* Mitigates the issue of multi collinearity by adding an
L2regularization term to the cost function.

* Does not perform variable selection but instead
shrinks the coefficients.

* Suitable when dealing with data containing highly

correlated variables.

3.Lasso Regression:
both

regularizationbyaddinganL1regularization term to the

. Performs variable selection and
cost function.

* Can shrink some coefficients to zero, effectively
selecting variables.
. Useful for

dimensional data with many irrelevant features.

feature selection in high-

4. Polynomial Regression:

* Can capture complex relationships by introducing
polynomial terms.

* Prone the over fitting if the degree of the polynomial
is too high.

* When choosing a regression technique, it is
important to consider the nature of the data, the
underlying relationship between the variables, and the

specific goals of the analysis.

VI.Results
Linear regression is often considered one of the best
techniques for several reasons, depending on the
context and the nature of the problem:
1.Simplicity: Linear regression is simple to understand
and implement, making it a great starting point for
many data analysis tasks. Its straightforward nature
allows for easy
Interpretation of the relationships between variables.
1. Interpretability: The coefficients in linear regression
the

independent variable has on the dependent variable.

represent influence that each

degree of
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This makes it easy to interpret the effects of changes in
the independent variables on the dependent variable.
2. Assumption Clarity: The assumptions of linear
regression are well-defined and understood, making it
easier to assess whether these assumptions are met in
the data. These assumptions include linearity,
independence of errors, homos cedasti city (constant
variance), and normality of errors.

3. Feature Importance: Linear regression can provide
insights in to which features are most important in
explaining the variation in the dependent variable.
This feature importance analysis can be valuable in
various fields for understanding the driving factors
behind an outcome.
Predictive Power: Despite its simplicity, linear
regression can perform well in situations where the
relationship between the independent and dependent
variables is linear. When the data exhibits a linear
relationship, linear regression can make accurate
predictions.

Model Interpretation: The coefficients in linear
regression can provide meaning fl information about
the relationship between the independent and
dependent variables, which is especially useful in fields
where interpretability = and understanding of the
While linear

essential to

underlying processes are critical.
regression has its strengths, it is
acknowledge that it is not suitable for all types of data
and relationships. In cases where the relationship
between variables is more complex or non-linear,
other regression techniques, such as polynomial
regression or more advanced methods like decision
trees or neural networks, may be more appropriate.
Nonetheless, the simplicity, interpretability, and clear
assumptions of linear regression make it a valuable and
widely used tool in data analysis and statistical
modeling.

VIL

In this study, we conducted a comprehensive analysis

Conclusion

of crime data in India using the "Crime in India" dataset
sourced from Kaggle. Our research aimed to explore

the trends, patterns, and factors influencing various

types of crimes across states/union territories and over
time. Through data collection, preprocessing, and
regression analysis, we uncovered valuable insights
into the dynamics of crime in India.

VIII. Key Findings
1. Temporal Trends: Our analysis revealed that crime
rates in India have exhibited certain temporal trends.
2. Regional Variations: The dataset allowed us to exam
in ethedis parities in crime rates among different states
and union territories of India.
Predictive Modeling: We employed regression analysis
to build predictive models for understanding the
relationship between various independent variables
(e.g., year, state/UT)and the number of cases reported

for specific crime categories.
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