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The ability to take dataτto be able to understand it, to
process it, to extract value from it, to visualize it, to
communicate itτǘƘŀǘΩǎ ƎƻƛƴƎ ǘƻ ōŜ ŀ ƘǳƎŜƭȅ ƛƳǇƻǊǘŀƴǘ
ǎƪƛƭƭ ƛƴ ǘƘŜ ƴŜȄǘ ŘŜŎŀŘŜǎΣ Χ ōŜŎŀǳǎŜ ƴƻǿ ǿŜ ǊŜŀƭƭȅ Řƻ
have essentially free and ubiquitous data. So the
complimentary scarce factor is the ability to understand
that data and extract value from it.

Iŀƭ ±ŀǊƛŀƴΣ DƻƻƎƭŜΩǎ /ƘƛŜŦ 9ŎƻƴƻƳƛǎǘ
The McKinsey Quarterly, Jan 2009





Job Postings for Data Scientists



Source: Dice Salary Survey 2017
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Source: OõReilly 2015 Data Science Salary Survey













What is R?

What is data science?

How do I use R for data science?



You cannot become a
data scientist in a day.



Overview

1. Introduction

2. Working with Data

3. Descriptive Statistics

4. Data Visualization

5. Statistical Modeling

6. Handling Big Data

7. Machine Learning

8. R in Practice



About Me

Data Science Consultant 

Education
B.S. in Computer Science

B.A. in Philosophy

Community
Public Speaker

Pluralsight Author

Microsoft MVP

ASPInsider

Open-source Software



About You

Whatõs your name?

What do you do?

Why did you attend?

Favorite super power?

Source: www.thatsmyface.com



Schedule

Lectures (15 min)

Demos (10 min)

Labs (20 min)

Breaks (5 min)



Logistics

Pairing for labs is optional

Ask questions if needed

Come and go as needed

Feedback forms at the end



Labs

A
(Easy)

B
(Normal)

C
(Hard)



Labs

A
(Easy)

B
(Normal)

C
(Hard)



Labs

A
(Easy)

B
(Normal)

C
(Hard)



Labs

A
(Easy)

B
(Normal)

C
(Hard)



Labs

A
(Easy)

B
(Normal)

C
(Hard)



Workshop URL

http://www.matthewrenze.com/workshops/practical-data-science-with-r/



Introduction to Data Science



What is data science?



What is Data Science?

Computer

Science

Math and

Statistics

Domain

Knowledge

Data

Science



Goal of Data Science

Data Knowledge Decision



What is a Data Scientist?

Source: http://www.clipartpanda.com



What is a Data Scientist?

Performs data science

Proper accreditations

Source: http://www.clipartpanda.com



What is a Data Scientist?

More than a scientist

More than an analyst

More than a developer

Source: http://www.clipartpanda.com



Source: Indeed.comSource: Indeed.com

Job Postings for Data Scientists



The Data Science Toolkit

Programming

Data manipulation

Descriptive statistics

Data visualization

Statistical modeling

Big Data

Machine learning

Deploying into production



Data Science Tools
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http://www.kdnuggets.com/polls/2015/analytics -data-mining-data-science-software-

used.html





Why is data science important?



Data
Analytics
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Internet
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Data
Analytics

Internet
of

Things

Big
Data

Machine 
Learning



Driven by economics

Possible by technology



Cost Value



How is data science done?



The Data Science Process

Data
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Find a 
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Data
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The Data Science Process

Find a 
question

Collect
the data

Prepare
the data

Create
a model

Evaluate
the model

Deploy
the model

Data



The Data Science Process

Iterative process
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The Data Science Process

Iterative process

Non-sequential

Early termination
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The Data Science Process

Iterative process

Non-sequential

Early termination

Established processes

Find a 

question

Explore 

the data

Prepare 

the data

Create a 

model

Evaluate 

the 

model

Deploy 

the 

model

Data



Introduction to R



What is R?

Open source

Language and environment

Numerical and graphical

Cross platform



What is R?

Active development

Large user community

Modular and extensible

10,000+ extensions



FREE



FREE



Source: http://redmonk.com/sogrady/2016/07/20/language -rankings-6-16/









Code Demo



Tips for Labs

ÅUse script pane

ÅCtrl + Enter

ÅMulti -line execution

ÅUp arrow for history



Lab 1
R Programming Basics



Working with Data



Working with Data



Working with Data



Working with Data



Working with Data



Working with Data



Loading Data in R



Loading Data in R

CSV



Loading Data in R

CSV XML



Loading Data in R

CSV XML



Loading Data in R

CSV XML

Ø



Cleaning Data



Cleaning Data

Reshape data



Cleaning Data

Reshape data

Rename columns
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Cleaning Data
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Cleaning Data

Reshape data

Rename columns

Convert data types

Ensure proper encoding

Ensure internal consistency

Handle errors and outliers

Handle missing values



Tools for Cleaning Data



Tools for Cleaning Data

base
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base

tidyr



Tools for Cleaning Data

base

tidyr

reshape2



Tools for Cleaning Data
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Tools for Cleaning Data

base

tidyr

reshape2

stringr

lubridate

validate



Transforming Data



Transforming Data

Select columns



Transforming Data

Select columns

Select rows



Transforming Data

Select columns

Select rows

Group rows



Transforming Data

Select columns

Select rows

Group rows

Order rows



Transforming Data

Select columns

Select rows

Group rows

Order rows

Merging data sets



Tools for Transforming Data



Tools for Transforming Data

base



Tools for Transforming Data

base

plyr



Tools for Transforming Data

base

plyr

dplyr



Tools for Transforming Data

base

plyr

dplyr

data.table



Tools for Transforming Data

base

plyr

dplyr

data.table

sqldf



Exporting Data

File-based data

Web-based data

Databases

Statistical data

CSV XML

Ø



Advice for Working with Data

Data munging is difficult 
and time consuming

TIP: Record all steps





Movies

Title Year Rating
Runtime
(minutes) Genre

Critic 

Score

Box 

Office

The Whole Nine Yards 2000 R 98 Comedy 45% $57.3M

Cirque du Soleil 2000 G 39 Family 45% $13.4M

Gladiator 2000 R 155 Action 76% $187.3M

Dinosaur 2000 PG 82 Family 65% $135.6M

Big Momma's House 2000 PG-13 99 Comedy 30% $0.5M

Open Movies Database







1. Column with wrong name

2. Rows with missing values

3. Runtime column has units

4. Revenue in multiple scales

5. Wrong file format



Code Demo



Lab 2
Transforming Data





Descriptive Statistics



Descriptive Statistics

Describe data

Provides a summary

aka: Summary statistics

Movie Runtime

Statistic Value (minutes)

Minimum 38

1st Quartile 93

Median 101

Mean 104

3rd Quartile 113

Maximum 219



Statistical Terms

ID Date Customer Product Quantity

1 2015-08-27 John Pizza 2

2 2015-08-27 John Soda 2

3 2015-08-27 Jill Salad 1

4 2015-08-27 Jill Milk 1

5 2015-08-28 Miko Pizza 3

6 2015-08-28 Miko Soda 2

7 2015-08-28 Sam Pizza 1

8 2015-08-28 Sam Milk 1



Statistical Terms

Observations

ID Date Customer Product Quantity

1 2015-08-27 John Pizza 2

2 2015-08-27 John Soda 2

3 2015-08-27 Jill Salad 1

4 2015-08-27 Jill Milk 1

5 2015-08-28 Miko Pizza 3

6 2015-08-28 Miko Soda 2

7 2015-08-28 Sam Pizza 1

8 2015-08-28 Sam Milk 1



Statistical Terms

Observations

Variables

ID Date Customer Product Quantity

1 2015-08-27 John Pizza 2

2 2015-08-27 John Soda 2

3 2015-08-27 Jill Salad 1

4 2015-08-27 Jill Milk 1

5 2015-08-28 Miko Pizza 3

6 2015-08-28 Miko Soda 2

7 2015-08-28 Sam Pizza 1

8 2015-08-28 Sam Milk 1



Statistical Terms

Observations

Variables

Categorical variables

ID Date Customer Product Quantity

1 2015-08-27 John Pizza 2

2 2015-08-27 John Soda 2

3 2015-08-27 Jill Salad 1

4 2015-08-27 Jill Milk 1

5 2015-08-28 Miko Pizza 3

6 2015-08-28 Miko Soda 2

7 2015-08-28 Sam Pizza 1

8 2015-08-28 Sam Milk 1



Statistical Terms

Observations

Variables

Categorical variables

Numeric variables

ID Date Customer Product Quantity

1 2015-08-27 John Pizza 2

2 2015-08-27 John Soda 2

3 2015-08-27 Jill Salad 1

4 2015-08-27 Jill Milk 1

5 2015-08-28 Miko Pizza 3

6 2015-08-28 Miko Soda 2

7 2015-08-28 Sam Pizza 1

8 2015-08-28 Sam Milk 1



Types of Analysis

Type of Variable(s)
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Analyzing One Categorical Variable

Type of Variable(s)
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Analyzing One Categorical Variable

Frequency of observations

Frequency table

Movies by Genre

Genre Frequency Percentage

Action 612 9%

Adventure 496 7%

Animation 168 2%

Comedy 1281 18%

Drama 1570 22%

Horror 269 4%

ê ê ê



Analyzing One Categorical Variable

Frequency of observations

Frequency table

Proportions

Movies by Genre

Genre Frequency Percentage

Action 612 9%

Adventure 496 7%

Animation 168 2%

Comedy 1281 18%

Drama 1570 22%

Horror 269 4%

ê ê ê



Analyzing One Numeric Variable

Type of Variable(s)
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Analyzing One Numeric Variable

Central tendency 

Dispersion

Shape



Analyzing Two Categorical Variables

Type of Variable(s)
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Analyzing Two Categorical Variables

Joint frequency

Movies by Genre and Rating

Genre G PG PG-13 R Total

Action 2 70 311 229 612

Adventure 44 179 209 64 496

Animation 43 111 8 6 168

Comedy 45 258 472 506 1218

Drama 12 136 586 836 1570

Family 38 181 10 1 230

ê ê ê ê ê ê

Total 230 1207 2686 3058 7181



Analyzing Two Categorical Variables

Joint frequency

Contingency table

Movies by Genre and Rating

Genre G PG PG-13 R Total

Action 2 70 311 229 612

Adventure 44 179 209 64 496

Animation 43 111 8 6 168

Comedy 45 258 472 506 1218

Drama 12 136 586 836 1570

Family 38 181 10 1 230

ê ê ê ê ê ê

Total 230 1207 2686 3058 7181



Analyzing Two Categorical Variables

Joint frequency

Contingency table

Marginal frequency

Movies by Genre and Rating

Genre G PG PG-13 R Total

Action 2 70 311 229 612

Adventure 44 179 209 64 496

Animation 43 111 8 6 168

Comedy 45 258 472 506 1218

Drama 12 136 586 836 1570

Family 38 181 10 1 230

ê ê ê ê ê ê

Total 230 1207 2686 3058 7181



Analyzing Two Categorical Variables

Joint frequency

Contingency table

Marginal frequency

Relative frequency

Movies by Genre and Rating

Genre G PG PG-13 R Total

Action 0.001 0.010 0.043 0.032 0.086

Adventure 0.006 0.025 0.029 0.009 0.069

Animation 0.006 0.015 0.001 0.001 0.023

Comedy 0.006 0.036 0.066 0.070 0.170

Drama 0.002 0.019 0.082 0.116 0.219

Family 0.005 0.025 0.001 0.001 0.033

ê ê ê ê ê ê

Total 0.032 0.168 0.374 0.426 1.000



Analyzing Two Numeric Variables

Type of Variable(s)
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Analyzing Two Numeric Variables

Explanatory vs. outcome

Covariance

Correlation



Analyzing a Numeric Variable 
Grouped by a Categorical Variable
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One categorical variable

One numeric variable

Aggregate measures

Analyzing a Numeric Variable 
Grouped by a Categorical Variable



Analyzing Many Variables
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