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Preface

In the dynamic and data-driven world we live in today, the ability to analyze and interpret
data has become a vital skill across numerous fields. From business and finance to
healthcare and engineering, the insights derived from data guide critical decisions and
strategies.

This book, “Implementing Statistics with Python,” is designed to equip you with the
foundational knowledge and practical skills needed to navigate the vast landscape of
statistics and data analysis using Python.

We first start with an introduction to the fundamental concepts of statistics in Chapter 1.
We will explore the structure of statistical data, the objectives of statistical analysis, and the
role of statistics in making informed decisions. This chapter sets the stage for the various
techniques and tools that will be covered throughout the book.

In Chapter 2, we will dive into the basics of Python programming, a language renowned
for its simplicity and versatility in data analysis. You will learn essential data structures
and advanced topics like lambda functions, iterators, and generators, providing you with
a solid foundation to implement statistical methods in Python.

In Chapter 3, you will be introduced to two essential libraries for data manipulation:
NumPy and Pandas. These powerful tools will enable you to handle data efficiently, laying
a solid foundation for more advanced statistical analysis. You will learn how to create and
manipulate arrays using NumPy, and how to work with data structures such as Series and
DataFrames in Pandas.

Building on the data manipulation skills from the previous chapter, Chapter 4 focuses
on data visualization using Matplotlib and Seaborn. These libraries will help you create
a wide variety of plots and charts to effectively communicate your data insights. You
will learn how to generate basic plots with Matplotlib and enhance them with Seaborn’s
advanced features, preparing you for comprehensive data analysis and presentation.

Chapter 5 focuses on descriptive statistics, offering techniques for summarizing and
presenting data in a meaningful way. You will learn how to calculate measures of
central tendency, dispersion, and distribution, enabling you to effectively interpret and
communicate your data.

In Chapter 6, you will delve into the realm of probability theory. This chapter covers
fundamental concepts and probability distributions that are crucial for understanding
data variability and uncertainty. You'll gain a solid foundation in probability, preparing
you for more advanced statistical analysis.
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Chapter 7 on statistical inference explores methods for drawing meaningful conclusions
from data, with a focus on chi-square tests and Analysis of Variance (ANOVA). These
techniques are essential for unraveling patterns and relationships within data.

Regression analysis, covered in Chapter 8, examines the relationships between variables,
enabling you to make predictions and draw significant insights from data.

Chapter 9 expands on this by introducing multivariate analysis, a technique critical for
understanding complex relationships in datasets and essential for machine learning.

Time series analysis, the subject of Chapter 10, addresses the unique challenges of analyzing
data ordered by time, with applications in finance, economics, and beyond. You will learn
to perform time series forecasting and visualization using real-world examples.

Chapter 11 bridges the gap between traditional statistical methods and modern machine
learning techniques. You'll explore how statistical foundations support machine learning,
delve into data preparation and model evaluation, and learn the various machine learning
algorithms.

In Chapter 12, you will continue your journey into machine learning by focusing on
algorithms and deployment. This chapter covers various machine learning algorithms,
advanced data preparation techniques, and model evaluation methods. You will also learn
about model deployment, using real-world case studies like the Titanic dataset to illustrate
these concepts in action.

This book is designed to be both comprehensive and practical, offering a blend of theoretical
knowledge and hands-on experience. Whether you are a student, a professional, or an
enthusiast looking to deepen your understanding of statistics and data analysis, this book
aims to provide the tools and insights needed to excel in the data-driven landscape of
today.

We hope this book serves as a valuable resource in your journey to mastering the art and
science of data analysis.

Chapter 1: Introduction to Statistics— This chapter provides an introduction to statistics and
the various techniques used for data analysis and inference. We will begin by exploring the
fundamental concepts of statistics, including the structure of statistical data, the objectives
of statistical analysis, and the role of statistics in making informed decisions based on data.
Additionally, we will delve into key topics such as populations and samples, variables
(both categorical and quantitative), probability theory, data preprocessing, and data
visualization techniques. Through this foundational knowledge, this chapter will provide
an introduction to the essential principles and tools required for statistical analytics, which
will be covered in the rest of the chapters in this book.
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Chapter 2: Python Basics for Statistics— This chapter introduces you to the Python
programming language. You will learn the basics of the language, together with some of
the most important data structures that you need to be proficient in when implementing
statistics in Python. Besides the basics, you will also learn some advanced topics in Python,
such as lambda functions, iterators, and generators.

Chapter 3: Introduction to NumPy and Pandas for Data Manipulation- This chapter will
lay the foundation for two very important libraries in Python that enable data manipulation
— NumPy and Pandas. You will learn how to create NumPy arrays that store collections of
data of the same type and explore the use of the Pandas library to represent data in two
specific data structures — Series and DataFrame.

Chapter 4: Data Visualization with Matplotlib and Seaborn- Visualizing data is essential
for gaining insights, uncovering patterns, and effectively communicating results. In this
chapter, you will explore the power of data visualization using two popular Python
libraries: Matplotlib and Seaborn. Matplotlib provides a flexible and comprehensive
toolkit for creating a wide range of plots and charts, while Seaborn offers a higher-level
interface for producing visually appealing and informative statistical graphics.

Chapter 5: Descriptive Statistics— This chapter will discuss a branch of statistics known as
descriptive statistics. The field of descriptive statistics involves summarizing, organizing,
and presenting data in a meaningful way. Its main use is to provide users with a concise
overview of the data, allowing them to understand the key characteristics and patterns of
the data.

Chapter 6: Probability Theory- This chapter explores fundamental concepts in probability,
starting with an introduction to probability. We will discuss classical, empirical, and
subjective probability, followed by key rules like addition and multiplication for event
probabilities. Conditional probability and Bayes’ theorem are discussed, alongside random
variables. We will also explore probability distributions, including discrete (like Binomial
and Poisson) and continuous (such as uniform and normal), focusing on statistical
transformation techniques like standardization and normalization for data preprocessing.

Chapter 7: Statisical Inference- Statistical inference is the art and science of drawing
meaningful conclusions from data in the face of uncertainty. It involves making educated
guesses or predictions about a population based on information obtained from a
sample. Statistical inference allows researchers, analysts, and decision-makers to extend
their insights beyond the observed data, providing a framework for making informed
decisions in various fields. In this chapter, we will focus on two powerful and specialized
techniques in Statistical Inference: the chi-square test and Analysis of Variance (ANOVA).
By examining these statistical methodologies, we aim to provide a key understanding of
how they can unravel patterns and relationships within categorical and continuous data,
respectively.
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Chapter 8: Regression Analysis— Regression analysis is a statistical method used to
examine the relationship between one or more independent variables and a dependent
variable. An independent variable is a variable that is manipulated or controlled in a study
or experiment. A dependent variable, on the other hand, is a variable that is observed and
measured in response to changes in the independent variable.

Understanding the relationship between independent variables and dependent variables
is very useful because it allows us to draw important conclusions from various research
or statistical studies.

Chapter9: Multivariate Analysis— Multivariate analysis refers to statistical techniques used
to analyze data with multiple variables. It helps you analyze the complex relationships and
patterns that may exist among variables. Multivariate analysis is an exercise important for
machine learning as it allows you to understand your data and filter the irrelevant features
from your dataset to create a more accurate model for your dataset. In this chapter, you
will learn the various techniques to study the relationships between the features in your
dataset, and how to identify features that are relevant to creating accurate models using
your dataset.

Chapter 10: Time Series Analysis— A time series is a set of data points ordered by time.
It represents the values of a variable (or multiple variables) over a specified time interval.
It has common applications in fields such as finance, economics, engineering, etc. In
this chapter, you will learn how to perform time series analysis as well as time series
forecasting. You will learn concepts such as autocorrelation and partial autocorrelation. In
addition, this chapter will also show you how to perform visualization and evaluation of
time series using a real-world example.

Chapter 11: Machine Learning for Statistics— This chapter introduces you to the world of
machine learning. You will learn the two main types of machine learning algorithms and
have the chance to use the various algorithms implemented in the sklearn library. Note that
for brevity, this book does not cover reinforcement learning, a type of machine learning
paradigm where an agent learns to make decisions by interacting with an environment.

Chapter 12: Practical Statistical Analysis in Machine Learning— This chapter aims to
provide practical insights and guidance on applying statistical methods and machine
learning techniques to real-world data. This includes exploring data preparation steps
such as importing, cleaning, and encoding features using the Titanic dataset as a case
study. Additionally, the chapter aims to cover the evaluation of various machine learning
algorithms, including logistic regression, hyper-parameter tuning using GridSearchCV,
cross-validation techniques, and model training and deployment.
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CHAPTER 1

Introduction to
Statistics

Introduction

This chapter provides an introduction to statistics and the various techniques used for
data analysis and inference. We will begin by exploring the fundamental concepts of
statistics, including the structure of statistical data, the objectives of statistical analysis,
and the role of statistics in making informed decisions based on data. Additionally, we
will delve into key topics such as populations and samples, variables (both categorical and
quantitative), probability theory, data preprocessing, and data visualization techniques.
Through this foundational knowledge, this chapter will provide an introduction to the
essential principles and tools required for statistical analytics, which will be covered in the
rest of the chapters in this book.

Structure

The chapter covers the following topics:
e Statistics

e Overview of Python for statistical analytics

Objectives

The objectives of this chapter are to provide a foundational understanding of statistics
and their essential components. First, it aims to introduce readers to the basic structure
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of statistics and its importance in data analysis and decision-making processes. Second,
the chapter aims to clarify the concept of statistics itself, outlining its role in collecting,
organizing, analyzing, and interpreting data. Furthermore, it aims to familiarize readers
with key concepts such as populations and samples, variables (both categorical and
quantitative), and probability theory, laying the groundwork for more advanced statistical
analyses. The chapter also intends to highlight the significance of data preprocessing and
visualization techniques in preparing and exploring data sets effectively. By achieving
these objectives, readers will be well-prepared to delve into subsequent topics such as
regression analysis, statistical models, and the use of Python for statistical analytics.

Statistics

Statistics is a branch of mathematics that deals with the collection, analysis, interpretation,
presentation, and organization of data. It provides techniques and methods for making
inferences and decisions in the presence of uncertainty.

Statistics is especially important in the field of data analytics. Data analytics is the process
of examining, cleaning, transforming, and modeling data to extract meaningful insights,
draw conclusions, and support decision-making. Statistics provides the foundational
framework and tools that enable data analysts to make sense of complex datasets, extract
meaningful insights, and support data-driven decision-making. Here are some of the areas
that are made possible by statistics methods:

e Descriptive statistics: This involves summarizing, organizing, and presenting
data in a meaningful way. Its main use is to provide users with a concise overview
of the data, allowing them to understand the key characteristics and patterns of
the data. You will learn more about descriptive statistics in Chapter 5, Descriptive
Statistics.

e Inferential statistics: It is the art and science of drawing meaningful conclusions
from data in the face of uncertainty. It involves making educated guesses or
predictions about a population based on information obtained from a sample.
Statistical inference allows researchers, analysts, and decision-makers to extend
their insights beyond the observed data, providing a framework for making
informed decisions in various fields. You will learn more about inferential statistics
in Chapter 7, Statistical Inference.

e Hypothesis testing: This helps us assess the validity of assumptions or claims
about a population. You will also learn more about hypothesis testing in Chapter 7,
Statistical Inference.

e Predictive analytics, machine learning, and data science: These utilize a broad
range of techniques and methods, including statistical approaches, to analyze and
extract insights from data and make predictions about future outcomes based on
historical data. You will learn more about machine learning in Chapter 11, Machine
Learning for Statistics.
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Some key concepts and techniques in statistics include:
* Population and sample
e Variables
* Probability
¢ Data visualization
* Regression analysis

e Statistical models

Population and sample
In statistics, there are two terms that are fundamental to making inferences and drawing
conclusions about a larger group based on a subset of data. These two terms are:

e Population

e Sample
Population refers to the entire group that is the subject of the study or analysis. It includes
all possible observations that share a common characteristic. For example, if you are

studying the average Body Mass Index (BMI) of all the people in a particular country,
then the population of the country would be the population.

However, it is not feasible (or practical) to measure the BMI of every single person in
the country. So, statisticians collect this information from a subset of the population. This
subset is known as a sample. Hence, a sample is a subset of a population that is selected
for analysis or study, chosen in a way that represents the characteristics of the population
under study.

Figure 1.1 shows the relationship between the population and the sample of a dataset:

Population

Sample

Figure 1.1: Relationship between sample and population

Note: A sample should be chosen in a specific way so that it is a representation of the
population.
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Variables

Variables are characteristics or attributes that can be measured or observed. They can be
classified as categorical (qualitative) or numerical (quantitative):

e Categorical: Categorical data represents distinct categories or groups that cannot
be measured in terms of numerical values. Categorical data can be further divided
into:

o Nominal data: Categories where there is no inherent order, such as colors or
genders.

o Ordinal data: Categories where there is an order for the data, such as
educational levels or grades. Ordinal data can be further divided into:

* Ordered category: Ordered categories refer to a set of distinct groups or
classes where there is a meaningful order or ranking among the categories.

* Ranks: Ranks involve assigning a numerical position or order to a set
of values based on some criterion, such as sorting items from lowest to
highest or vice versa.

¢ Quantitative: Quantitative data consists of numerical values that can be measured
and subjected to mathematical operations. It can be further divided into:

o Discrete: Countable and often represents whole numbers, such as the number
of wheels, or the number of students in a class.

o Continuous: Can take any value within a given range and can be measured
with great precision, such as height, weight, or temperature.

Tip: The term ordinal is derived from the Latin word '"ordo," meaning order or
arrangement.

Figure 1.2 shows the breakdown of the different types of data:

Variz-.|1bles
CATEGORICAL QUANTIITATIVE
Nominal  Ordinal (g;if‘ft?:lz ) gﬂ’::s':::ﬁ,"gs)
Ordered Ranks

Categories

Figure 1.2: Different types of variables

To illustrate the different data types, we will use the example of bicycles. Assuming you
have a dataset containing a bunch of used bicycles. Figure 1.3 shows a sample snapshot of
the dataset:
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Brand Model Types Condition Weight Nug;l:; & Color Price
Trek FX2 Hybrid New 25.6 21 Black 699.99
Specialized | Rockhopper Mountain Used 30.0 18 Red 849.95
Giant Escape 3 Hybrid Like New 27.9 24 Blue 549.00

Figure 1.3: A snapshot of the bicycle dataset

The following sections will outline methods for recognizing different data types within
your dataset. This is a crucial step in selecting the right statistical analyses and visualization
techniques for effective data exploration and analysis.

Categorical

Categorical values represent categories or groups and can take on a limited, fixed number
of distinct and unordered values. From the above sample dataset, you can see that the
following fields are categorical variables:

Brand: Trek, Specialized, Giant, and so on
Model: FX 2, Rockhopper, Escape 3, and so on
Types: Hybrid, Mountain, and so on
Condition: New, Like New, Used, and so on
Color: Black, Red, Blue, and so on

Here are some characteristics to help you identify categorical variables in your dataset:

Check the data type. Categorical values are often stored as string types.

Check for unique values. Categorical values are usually limited and distinct.
However, there are exceptions to this rule. For example, if the Model fields contain
all unique models, it is still considered a categorical field.

Contextual understanding—often, this requires a basic understanding of your
dataset. For example, fields like sex, color, or brand are often categorical.

The next task would be to identify which of the above categorical variables are nominal
and which are ordinal. Of the list of categorical variables identified in the previous section,
you can see that the following fields are nominal types of data:

Brand
Model

Types
Color

Kup ksigzke


http://helion.pl/page354U~rt/e_42hr_ebook

