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Unit 1  Introduction to Statistical Analysis
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SYLLABUS
21CSE295T Statistical Data Analytics And Integration

2



21CSE295T Statistical Data Analytics And Integration LECTURE 01By VIRUPAKSHAN K ( 9840847872 | VIRU@KART.LA )

V
iru
p
a
k
s
h
a
n
K
@
g
m
a
il.c
o
m

V
iru
p
a
k
s
h
a
n
K
@
g
m
a
il.c
o
m

VirupakshanK@gmail.com

VirupakshanK@gmail.com

VirupakshanK@gmail.com

LECTURE 01 TOPICS
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Unit  1:  Overview

4

Statistical analysis is the process of collecting, organizing, 
summarizing, analyzing, and interpreting data to make decisions. 

In data analytics, statistics provides the mathematical foundation 
for understanding patterns, uncertainty, relationships, and 
predictions.
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1.0 Introduction

5

•Basic statistical concepts

•Types of data

•Population and sample concepts

•Descriptive and inferential statistics

•Measures of central tendency and variability

•Exploratory Data Analysis, EDA

•Statistical pattern recognition

•Nonparametric regression

•Monte Carlo methods

•Basic SAS concepts including libraries, datasets, missing values, PROC PRINT, and PROC CONTENTS

This unit introduces:
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1.1.0 Computational Statistics: DEFINITION 
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Q) What is Computational Statistics ?
A) Computational Statistics is a branch of statistics that uses 
computers and algorithms to solve statistical problems.

Computers Algorithms Statistical Problems



21CSE295T Statistical Data Analytics And Integration LECTURE 01By VIRUPAKSHAN K ( 9840847872 | VIRU@KART.LA )

V
iru
p
a
k
s
h
a
n
K
@
g
m
a
il.c
o
m

V
iru
p
a
k
s
h
a
n
K
@
g
m
a
il.c
o
m

VirupakshanK@gmail.com

VirupakshanK@gmail.com

VirupakshanK@gmail.com

1.1.1 Computational Statistics: APPLICATIONS 
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Statistics

Computer Science

Mathematics

Data Analysis

IT COMBINES

Computational statistics is very 
useful when calculations 
become too large or complex 
for manual methods.

Machine 
Learning

Data Mining Artificial 
Intelligence

Medical 
Diagnosis

Financial 
Forecasting

Weather 
Prediction

APPLICATIONS
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1.1.2 Computational Statistics: TECHNIQUES & STEPS 
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Simulation

Bootstrap Methods

Monte Carlo Methods

Numerical Optimization

Statistical Modeling

IMPORTANT TECHNIQUES STEPS

Raw Data
Computer 
Algorithms

Statistical 
Analysis

Decision 
Making
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1.1.3 Computational Statistics: Q&A 
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Q1. What is Computational 
Statistics?

Answer: Computational 
Statistics is the use of 
computer-based methods and 
algorithms to solve statistical 
problems.

Q2. Name two applications of 
Computational Statistics.

Answer:
1.Machine Learning
2.Financial Forecasting

Uses computers for statistical analysis

Handles large datasets

Uses simulations and algorithms

Important in AI and Machine Learning
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1.2.0 Pattern Recognition – BASIC TERM 
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Q) What is Pattern Recognition?
A) Pattern recognition is the cognitive process or automated method 
of identifying and interpreting recurring structures, regularities, or 
relationships in data.
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1.2.1 Statistical Pattern Recognition: DEFINITION & USES 
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Q) Define Statistical Pattern Recognition
A) Statistical Pattern Recognition is the process of identifying patterns in 
data using statistical methods.

Q) How does it help?
A) It helps computers recognize:

•Images
•Speech
•Text
•Human behaviour
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1.2.2 Statistical Pattern Recognition: STEPS 
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Q) What are the steps in Pattern Recognition?

1 Data 
Collection

2 Feature 
Extraction

3 
Classification

4 Decision 
Making
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1.2.3 Statistical Pattern Recognition: TYPES 
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A) Two types are:

1. Supervised Learning
Uses labelled data.

2. Unsupervised Learning
Uses unlabelled data.

Q) What are the types in Pattern Recognition?
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1.2.4 Statistical Pattern Recognition: APPLICATIONS 
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Q) What are the Applications of Statistical Pattern Recognition?

A) Few applications are:
•Face recognition

•Fingerprint identification

•Market segmentation

•Credit card fraud detection

•Handwriting recognition

•Disease diagnosis



21CSE295T Statistical Data Analytics And Integration LECTURE 01By VIRUPAKSHAN K ( 9840847872 | VIRU@KART.LA )

V
iru
p
a
k
s
h
a
n
K
@
g
m
a
il.c
o
m

V
iru
p
a
k
s
h
a
n
K
@
g
m
a
il.c
o
m

VirupakshanK@gmail.com

VirupakshanK@gmail.com

VirupakshanK@gmail.com

1.3.0 Nonparametric Regression: What is “regression”? 
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In statistics and machine learning, regression is a method used to 
estimate the relationship between: 

• a dependent (target) variable and 
• one or more independent (predictor) variables

In ordinary linear regression, we 
assume a relationship such as:

Y = a + bX

Dependent Variable Independent Variable
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1.3.1 Nonparametric Regression: PARAMETRIC VS NON-PARAMETRIC 
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Feature Parametric Regression Nonparametric Regression

Assumed form Fixed equation No fixed form

Example Linear regression Kernel / KNN regression

Flexibility Lower Higher

Interpretability Usually easier Sometimes harder

Data need Lower Higher
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1.3.2 Nonparametric Regression: PARAMETRIC VS NON-PARAMETRIC 
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Income

  |

  |          /

  |        /

  |      /

  |____/____________ Age

Suppose we study the relationship between age and income.

Income

  |

  |           /\ 

  |          /  \

  |         /    \

  |________/______\_____ Age

But the real relationship may be curved.

Nonparametric regression can 
capture this pattern better.

A parametric model may assume 
income increases linearly with age:
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1.3.3 Nonparametric Regression: COMMON METHODS 
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Common Nonparametric Regression Methods

1. Kernel Regression
Uses nearby data points to estimate the value of a function.

2. Local Polynomial Regression
Fits small polynomial models in local regions of the data.

3. Smoothing Splines
Uses smooth curves to fit the data.

4. k-Nearest Neighbor Regression
Predicts a value based on the average of nearby observations.
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1.3.4 Nonparametric Regression : k-NN Regression Example  
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Data: study hours and marks: (2,40), (3,50), (4,60), (5,70).

To predict marks for 3.5 hours, use nearby observations 3 and 4 hours.

Predicted marks = (50 + 60) / 2 = 55.

This is a local, nonparametric prediction method.

Example: k-Nearest Neighbor Regression
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1.3.5 Nonparametric Regression: Adv and Disadv 
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Advantages
•Flexible

•Useful for complex patterns

•Does not require strong assumptions

Disadvantages
•Requires large datasets

•Can be computationally expensive

•May overfit if not controlled
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1.4.1 Exploratory Data Analysis (EDA): MEANING  AND GOALS 
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Exploratory Data Analysis, or EDA, is the process of examining data to 
understand its structure, patterns, anomalies, and relationships before 
applying formal statistical models.

EDA is often the first step in data analytics.

Goals of EDA
•Understand the data

•Detect missing values

•Identify outliers

•Find patterns and relationships

•Check data quality

•Select suitable statistical methods
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1.4.2 Exploratory Data Analysis (EDA): EDA TECHNIQUES 
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1. Summary Statistics
Examples:

•Mean

•Median

•Mode

•Standard deviation

•Minimum

•Maximum

•Quartiles

2. Data Visualization
Common charts:

Chart Purpose

Histogram Shows distribution

Box plot Detects outliers

Scatter plot
Shows relationship between 
variables

Bar chart Compares categories

Line chart Shows trends over time
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1.4.3 Exploratory Data Analysis (EDA): 1 SUMMARY STATISTICS
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Measures of Central Tendency (The Middle)These numbers show you exactly where the "center of gravity" of 
your dataset lies:

1. Mean: The standard mathematical average. You add all values together and divide by the total number of 
points.

2. Median: The absolute middle value when the data is sorted from smallest to largest. It splits your data 
perfectly into two halves.

3. Mode: The most frequently occurring value in your dataset.
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1.4.4 Exploratory Data Analysis (EDA): 2 DATA VISUALIZATION
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Scatter Plots

Histograms

Boxplots
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1.4.5 Exploratory Data Analysis (EDA): EDA WORKFLOW 
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Collect Data → Clean Data → Summarize Data → Visualize Data → Identify Patterns → Prepare for Modeling

Collect & Clean Data

Summarize Data

Visualize Data

Identify Patterns

Prepare for Modeling
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1.4.5 Exploratory Data Analysis (EDA): EDA WORKFLOW 

26

Collect Data → Clean Data → Summarize Data → Visualize Data → Identify Patterns → Prepare for Modeling

Visualize Data Identify Patterns

Prepare for 
Modeling
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1.4.6 Exploratory Data Analysis (EDA): Scatter Plot Example 
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Student Hours Studied Marks

A 2 45

B 4 60

C 6 75

D 8 85

E 10 95

This shows a positive relationship 
between study hours and marks.

EXAMPLE:
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1.4.7 Exploratory Data Analysis (EDA): Q&A 
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Q1. What is EDA?
Answer: EDA is the process of exploring and understanding data using 
graphs and statistical methods.

Q2. Name two EDA tools.
Answer:
1.Histogram
2.Boxplot
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1.5.1 Monte Carlo Methods for Inferential Statistics 
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MEANING:  Monte Carlo methods use repeated random sampling to 
estimate unknown quantities, probabilities, or statistical properties.

They are useful when exact mathematical solutions are difficult.

BASIC IDEA:  Instead of solving a problem directly, we simulate it many 
times and observe the results.



21CSE295T Statistical Data Analytics And Integration LECTURE 01By VIRUPAKSHAN K ( 9840847872 | VIRU@KART.LA )

V
iru
p
a
k
s
h
a
n
K
@
g
m
a
il.c
o
m

V
iru
p
a
k
s
h
a
n
K
@
g
m
a
il.c
o
m

VirupakshanK@gmail.com

VirupakshanK@gmail.com

VirupakshanK@gmail.com

1.5.2 Monte Carlo Methods for Inferential Statistics 

30

OR in simple terms…
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1.5.3 Monte Carlo Methods for Inferential Statistics 

31

Use in Inferential Statistics

Monte Carlo methods are used for:

•Estimating sampling distributions

•Calculating p-values

•Confidence intervals

•Bayesian statistics

•Bootstrapping

•Risk analysis
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1.5.4 Monte Carlo Methods for Inferential Statistics 

32
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1.5.5 Monte Carlo Methods for Inferential Statistics 
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Formula:
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1.5.6 Monte Carlo Methods for Inferential Statistics 
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Bootstrap Sample Values

Original 60, 70, 75, 80, 90

Sample 1 60, 70, 70, 90, 80

Sample 2 75, 75, 60, 90, 90

Example: Bootstrap Mean
Suppose we have marks:

60, 70, 75, 80, 90

Bootstrap repeatedly samples with replacement:

Each sample mean is calculated. 
The distribution of these means helps estimate uncertainty.
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1.5.7 Monte Carlo Methods for Inferential Statistics 
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Q1. What is Monte Carlo Method?
Answer: It is a statistical method that uses random sampling for 
estimation.

Q2. Mention one application of Monte Carlo methods.
Answer: Risk analysis.



21CSE295T Statistical Data Analytics And Integration LECTURE 01By VIRUPAKSHAN K ( 9840847872 | VIRU@KART.LA )

V
iru
p
a
k
s
h
a
n
K
@
g
m
a
il.c
o
m

V
iru
p
a
k
s
h
a
n
K
@
g
m
a
il.c
o
m

VirupakshanK@gmail.com

VirupakshanK@gmail.com

VirupakshanK@gmail.com

1.6.1 Basic Concepts of Statistics 

36

Statistics is the science of collecting, organizing, analyzing, 
interpreting, and presenting data.

Two Meanings of Statistics



21CSE295T Statistical Data Analytics And Integration LECTURE 01By VIRUPAKSHAN K ( 9840847872 | VIRU@KART.LA )

V
iru
p
a
k
s
h
a
n
K
@
g
m
a
il.c
o
m

V
iru
p
a
k
s
h
a
n
K
@
g
m
a
il.c
o
m

VirupakshanK@gmail.com

VirupakshanK@gmail.com

VirupakshanK@gmail.com

1.6.2 Basic Concepts of Statistics: Important Terms 
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1.7.1 Types of Data (Categorical, Numerical) / (Qualitative, Quantitative) 
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Categorical Numerical

DATA
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1.7.2 Types of Data (Categorical, Numerical) 
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Types of Qualitative (Categorical) Data
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1.7.3 Types of Data (Categorical, Numerical) 
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Types of Quantitative (Numerical) Data
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1.7.4 Types of Data (Categorical, Numerical) / (Qualitative, Quantitative) 

41
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1.8.1 Populations and Samples: DEFINITION 
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Population
A population is the complete set of individuals, 
items, or observations under study.

Example:

All students in a university.

Sample
A sample is a subset of the population 
selected for analysis.

Example:

100 students selected from a university.
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1.8.2 Populations and Samples: WHY USE SAMPLES? 
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Why Use Samples?

Studying the whole population may be:

•Expensive

•Time-consuming

•Impossible in some cases

•Impractical

Example
A company wants to know 
customer satisfaction for 1 million 
customers.

Instead of asking all customers, it 
surveys 2,000 customers.

Population: 1 million customers
Sample: 2,000 customers
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1.8.3 Populations and Samples: TYPES OF SAMPLING 
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1. Simple Random Sampling

Every individual has an equal chance of selection.

2. Stratified Sampling

Population is divided into groups, and samples are 
taken from each group.

Example: Sampling students from each department.

3. Systematic Sampling

Every kth item is selected.

Example: Selecting every 4th customer.

4. Cluster Sampling

Population is divided into clusters, and some clusters 
are selected.

Example: Selecting a few schools from a city and 
surveying all students in those schools.
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1.9.1 Measures of Central Tendency (Mean, Median, Mode) 

45

Measures of central tendency are statistical summary metrics used to 
represent the center, middle, or most typical value of a dataset.
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1.9.2 Measures of Central Tendency (Mean) 

46

The mean is the arithmetic average.
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1.9.3 Measures of Central Tendency (Mode) 
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The mode is the value that appears most frequently.
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1.9.4 Measures of Central Tendency (Median) 
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The median is the middle value when data is arranged in order.
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1.9. Measures of Central Tendency (Mean, Median, Mode) 
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Comparison
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1.10.1 Measures of Variability (Range, Variance, Standard Deviation) 
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1. Range
Range is the difference between maximum and minimum 
values.

Formula: Range = Maximum – Minimum

Example:
20, 30, 40, 50, 60
Range:
60-20 = 40

2. Variance
Variance measures the average squared deviation from 
the mean (sample mean or population mean).

Sample variance formula:

Population variance formula:

3. Standard Deviation
Standard deviation is the square root of 
variance.

Sample standard deviation:

Population standard deviation:
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1.10.2 Measures of Variability (Range, Variance, Standard Deviation) 
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Example
Data: 2, 4, 6

Mean:

Deviations:
x x - mean Squared deviation

2 -2 4

4 0 0

6 2 4

Sum of squared deviations = 
=        8.

Sample variance:

Sample standard deviation:
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1.11.1 Descriptive vs Inferential Statistics 

52
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1.11.2 Descriptive vs Inferential Statistics 

53

Descriptive Statistics  
summarize and describe data.

Examples:

•Mean

•Median

•Mode

•Standard deviation

•Graphs

•Tables

Example
A teacher calculates the average marks of a class.

Average marks = 72

Highest marks = 95

Lowest marks = 35

This describes the class data.
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1.11.3 Descriptive vs Inferential Statistics 
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Inferential statistics use sample 
data to make conclusions about a 
larger population.

Examples:

•Estimation

•Hypothesis testing

•Confidence intervals

•Regression

•Prediction

Example:

A survey of 500 voters is used to 
predict the result of an election.
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1.11.4 Descriptive vs Inferential Statistics 
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Feature Descriptive Statistics Inferential Statistics

Purpose Summarizes data Makes generalizations

Based on Available data Sample data

Output Charts, averages, tables Predictions, decisions

Example Average salary of employees
Estimating average salary of all 
workers
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Lecture 01 Topics

56

1.1 Mathematical Statistics

1.2 Statistical Pattern Recognition

1.3 Nonparametric Regression

1.4 Exploratory Data Analysis

1.5 Monte Carlo Methods for Inferential Statistics

1.6 Basic Concepts of Statistics

1.7 Types of Data (Categorical, Numerical)

1.8 Populations and Samples

1.9 Measures of Central Tendency (Mean, Median, Mode)

1.1O Measures of Variability (Range, Variance, Standard Deviation)

1.11 Descriptive vs Inferential Statistics

1.12 SAS Statements

1.13 Structure

1.14 Libraries

1.15 Rules

1.16 Datasets

1.17 Representation of Missing Values

1.18 Assigning Libraries

1.19 PROC CONTENTS

1.2O Visualizing Descriptors and Dataset Attributes

Unit 1  Introduction to Statistical Analysis
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