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Python libraries
• numpy
• pandas
• matplotlib
• statsmodels
• scikit-learn

INTRODUCTION
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pandas is the library for Data Analysis
It provides

• Data structures for Data Analysis
and modules for

• Data summarization
• Data visualization

pandas
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Data Sets include variables that are
• numerical
• categorical (factors) 

Variables are usually classified as
• response  (target)
• predictors (features) 

pandas
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• pandas Series
• pandas DataFrames

pandas data structures
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• Represents a one-dimensional set of values 
• (all of the same data type)
• It is used to represent a single variable
• An index is used to extract individual values from 

the  Series

pandas Series
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• The DataFrame is a two-dimensional data set
• A column label is used to select columns from the 

DataFrame
• A row index is used to select rows from the 

DataFrame
• Each column is used for a variable
• All columns must have same number of entries 

pandas DataFrame
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DataFrame cars93
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index

values

columns

pandas DataFrame
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observation

pandas DataFrame
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Values in a column should be of the same data type

• int64
• float64
• datetime64
• object
• bool

Python data types
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A slice is a reference to a portion of the pandas Data 
structure
Also called a view.
Modifying a slice,
modifies the original
data structure too

slice

a slice
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A slice is a reference to a portion of the pandas Data 
structure
Also called a view
Modifying a slice,
modifies the original
data structure too

slice
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Example
Cars93 dataset
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A dataset of 93 cars
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• Find dataset size
• Summarize numerical vars
• Remove rows with NA
• Sort dataset
• Find categorical vars and 

their categories
• Summarize categorical vars
• Count rows by categories 

(cross tabulation)

• Construct pivot tables
• Select a subset of dataset
• Select rows by condition
• Combine categories
• Select rows at random
• Aggregate datasets
• Split a column into two or 

more columns

Data Manipulation Operations
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Open libraries
(dependencies)

Read csv file

Find its size

Data Manipulation Operations
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.

Data Manipulation Operations

row identifiers

27 column names
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.

Data Manipulation Operations

…

…

show first two rows

show last two rows
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.

Data Manipulation Operations

…

…

…

show first two rows

show last two rows
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.

Data Manipulation Operations – select rows at random

…
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Data Manipulation Operations – select columns at random
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.

Data Manipulation Operations – First and last columns
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Data Manipulation Operations – First and last columns
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Use .dtypes
to identify 
categorical 
and 
numerical 
columns

DataFrame - show column data types
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Numerical columns
vs

Categorical columns
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.

Data Manipulation Operations – drop columns

…
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Data Manipulation Operations – categories of one column
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Converting a variable.

Numerical
to
categorical

Data Manipulation Operations
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Data Manipulation Operations
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Data Manipulation – excluding some columns
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Data Manipulation – categories in all columns
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Data Manipulation – categories in all columns
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Data Manipulation – categories in all columns
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Data Manipulation Operations
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Summary
• Numerical columns
• Categorical columns
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A statistical summary of all numerical variables

Example – Summary Statistics
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.

Example – Summary Statistics rounded
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Example – Summary for column Price only
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Example – Summary for column Price only

percentiles
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Example – Summary for categorical columns
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Example – Summary for categorical columns
columns

summary
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Example – Summary for categorical columns

categories

most frequent category

rows in most freq category
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Summary for numerical vs. Summary for categorical variables

summary for a
numerical variable

summary for a
categorical variable
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Subsetting
(selecting portions 

of the dataset)
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• by names
• by numbers
• Selecting rows by condition

Selecting rows and columns
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.

Example – select single column
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Example – single column (getting Series or DataFrame)
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Example – select two columns
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Example – select two columns
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.

Example – select two columns
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Subsetting with 
dataframe property .iloc
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.

Example – iloc to select rows/cols by numbering

0 1 2 3 4 5 6

7 8 9 10 11 12
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Example – select columns 1 and 3

1 3
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.

Example – select rows 0 and 2, and, columns 3 and 6

3 6

0

2
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Example – select rows 0 to 2 and columns 3 to 6

3 4 5 6

0
1
2
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Example
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Subsetting with 
dataframe property .loc
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Example – loc to select cols by names
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Example – loc to select cols by dtype
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Example – loc to select cols by dtype



Cesar Acosta Ph.D.

Select rows by condition
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.

Example – select rows by condition
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.

Example – select rows by condition

…
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Example – select rows by condition

show the cars

…
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Example – select rows by condition 

…
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.

Example – select rows by condition 

All columns are displayed
What if we want to display selected columns, only?

…
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.loc allows to choose rows/cols by their name

.iloc allows to choose rows/cols by their number

.loc and iloc are not needed to choose rows by condition

Example – select rows by condition, some columns only
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Example – Average Price of cars with Price > 40

Average is 49.96
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Example
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.

Example
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Example – select rows by multiple conditions (and)
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Example – select rows by multiple conditions (or)
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Sorting
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Example – Sort by column Price (ascending)
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Example – Sort by column Price (descending)



Cesar Acosta Ph.D.

.

Example – Sort (ascending and descending)
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Cross Tabulation
for categorical columns only
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How many rows are in each category

• value_counts( )
• crosstab( )

Example – Cross tabulation
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.

Example – Cross tabulation for one categorical

This is a called a 
one-way classification table
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Example – Cross tabulation for two categoricals

This is a called a 
two-way classification table
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Example – Cross tabulation with row/cols totals
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.

Example – Cross tabulation for one categorical

This is a 
one-way 
table
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.

Example – Cross tabulation for two categoricals

)

This is a 
two-way 
table
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Example – Cross tabulation for two categoricals
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Example – Cross tabulation for two categoricals

Find proportions 
with respect to column totals
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.

Example – Cross tabulation for proportions

Find proportions 
with respect to column totals1 1
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Example – Cross tabulation for proportions

Find proportions 
with respect to row totals

1

1

1

1

1

1
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Pivot Tables
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Pivot Table is used 
to summarize a numerical attribute 

by the categories of 
one or more categorical variables

Pivot Table
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Pivot Table is used 
to summarize a numerical attribute 
(mean, median, range, variance, etc.)
by the categories of 
one or more categorical variables

Pivot Table
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.

Numerical methods for DataFrames
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• pivot_table( )

• groupby( )

Pivot Table methods
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.

Introduction – Price of Ford cars

There are seven Ford cars
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Introduction – Average Price of Ford cars

What is the average price of Ford cars?
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Introduction – Average Price of Ford cars

What is the average price of the other car brands?

What is the average price of Ford cars?
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Example – average price by Manufacturer
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Example – largest average price by Manufacturer

store the pivot table in a new dataframe,
then find the largest average price
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Example – Average Price and MPG by Manufacturer

This is a
one-way table

sorted descending by Price

two-row labeling makes
head() to show five rows only
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Find the car’s median price for each Type and Number of Airbags

Example – Two-way pivot table

Median prices

How to get this table?
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.

Example – Two-way pivot table
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Pivot Tables
with

groupby( )
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.

Example – groupby Type
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.

Example – groupby Type and DriveTrain

…
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.

Example – groupby Type and DriveTrain

…
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Example – groupby Type and DriveTrain
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Example – numerical columns in dataframe df

numerical columns
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Example – Display average of all cols by Type

do not specify the column names
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groupby( )
with a

user-defined function



Cesar Acosta Ph.D.

.

Example – create df3 with numerical cols only
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Example – Create range function
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Example – Apply range function on all cars in df3

find range of all columns
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.

Example – Apply range function

Now find the range by Type
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Example – Find the range by Type
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Example – Find the mean and range by Type
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Example – Find the mean and range by Type


