DATA SOCIETY”

‘If you can’t explain it simply, you don't understand it well enough.”

- Albert Einstein
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Instructor: Dr. Harlan Harris

» Director of Data Science at the Education Advisory Board ASSiREs

f
ft

» Co-Founder and Co-Organizer of the Data Science DC "";;,
Meetup e

_
f 5 \ .
- ® a g **
» 1 . »
-".' : - ,

* Co-Founder of Data Community DC, Inc.

» BS in Computer Science from the University of
VVisconsin-Madison

* Ph.D. iIn Computer Science, focusing on \/Iamlre Learning
and Cognitive Science, from the University of lllinols at
Urbana-Champaign

INTRO TO R & VISUALIZATION DATA SOCIETY © 2015



Course syllabus

1. What is Data Science? ﬁSUATASCI!NTlSI

2. Programming in R

3. Visualization in R

INTRO TO R & VISUALIZATION DATA SOCIETY © 2015



Setting expectations

Data science takes dedication! You will need to:
1. Take this course ©

2. Practice
. Review class material on your own

3
2. Practice

5. Complete exercises outside of class
6

/

. Practice
. Share and read latest news

INTRO TO R & VISUALIZATION DATA SOCIETY © 2015



Outline

 What is data science?

» A data scientist's approach

* Introduction to R
— Calculations in R
— Reading data into R

— Manipulating data in R
* Visualization in R
— Basic plotting

— Advanced plotting
— Building a crime map

INTRO TO R & VISUALIZATION DATA SOCIETY © 2015



What's going on with data?

» "Every 2 days we create as much
2003" = Eric Schmidt

» Mark Zuckerberg noted that 1 bl
dally - Facebook earnings call, Ju

information as we did from the dawn of civilization up untll

ion pieces of content are shared via Facebook’s Open Graph
vy 2012

» "1.5 million more data-savvy managers are needed to take full advantage of big data in the

United States” - McKinsey & Co.

* A survey reported that more than 37.5% of large organizations said that analyzing big data Is
thelr biggest challenge - RainStor, August 2012

» According to Gartner, Big Data will drive $232 billion in spending over the next two years

INTRO TO R & VISUALIZATION
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How is data being used?

Target: Kabbage: Netflix: Zillow: Andrew Ng:
The store knows Makes lending What movie Calculates Machine learning
you're pregnant decisions based should you Zestimate (value techniques
based on what on Amazon watch? of your home) recognize cat
you buy product reviews, faces online using
etc. pictures and

dMadzon

reviews

INTRO TO R & VISUALIZATION
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Real world applications

* Marketing:
— How do you classify shoppers who are likely to spend a lot?

— How do you recommend consumer products based on prior shopping patterns?

— How do you gauge brand and product perception in real time?

(_) E P e d i a

* Healthcare:
— Do these symptoms suggest a limited possibility of ailments (diagnostics)?
— Does the patient have a disease based on age, sex, body mass index, results of various blood tests, etc?

— Detect patterns in spread of disease
amazZoncom

* FInance:
— How do you classify safe vs. unsafe borrowers, what do they have in common?
— |s this person likely to default on their mortgage?
— What real estate properties are most similar?

» Politics:
— Will someone vote Democratic or Republican?
— Will someone make a political donation?
— How is a political candidate perceived by a certain demographic in real time?

INTRO TO R & VISUALIZATION DATA SOCIETY © 2015




What is “Big Data”?

» Big Data is large volumes of information
— Moving
— Storing
— Manipulating
— Accessing

* |t 1S not:
— Analysis or insights

That's why you're in this class!

INTRO TO R & VISUALIZATION DATA SOCIETY © 2015



What is data science?

» Data science applies the scientific
method to analyzing data

Machine
* |t lies at the intersection of several Learning

disciplines Data

* |t draws on domain specific
Knowledge that makes the analysis
of Big Data possible

Industry
Knowledge

[/ /4 /&
gunw mmmmw |
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Who is a data scientist?

* An analyst who can:
1. Pose the right question

2. Wrangle the data (gather, clean, and sample data to get a suitable data set)

3. Manage the data for easy access by the organization

4. Explore the data to generate a hypothesis

5. Make predictions using statistical methods such as regression and classification

6. Communicate the results using visualizations, presentations, and products

INTRO TO R & VISUALIZATION DATA SOCIETY © 2015



Levels of expertise

Data analyst Data modeler Data scientist
» Wrangles the data * Models to answer » Asks the right
specific questions guestions
» Manages the data
* Understands the  Looks for patterns
. Creates basic analyses data, Its source and in data
structure

and visualizations
* [nterprets results
critically

INTRO TO R & VISUALIZATION DATA SOCIETY © 2015



Data science job market

Somewhat important v Very important ¢

Basic tools v v v
Software engineering v 4
Statistics v v v
Machine learning v
Data processing v v
Data visualization and

communication v v v
Thinking like a data

scientist v v 4

INTRO TO R & VISUALIZATION DATA SOCIETY © 2015
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Who hires data scientists?

Ex¢onMobil
FARGO
amazon.com
Google
Linked [{}] = Cognizant
source . datasciencecen tral.com

=" Microsoft Bankof America ”/ \

@
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How much do data scientists make?

Burtch Works
2014 data science job market
survey:

» According to a

"Data scientists earn a median salary
that can be up to 40% higher than
predictive analytics professionals at the
same job level”

Incdividual Cont

* The graphic on the right provides
detall on median salaries by
experience level

Manager, Leve

poﬁulnd:”.‘_‘f, .“.' ’

Manager, Level ]

Data Scientists

j‘

-
(W

Big Data Professionals

NS
—

»-
-

”>J

LV

Indwvidual Cont.. Level

'“l’ V“’&Jo" ((\f|! " -“0' .:

Source: http://www.burtchworks.com/big-data-analyst-salary/big-data-career-tips/
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* \What Is data science?

Outline

« A data scientist’'s approach

* Introduction

to R

— Calculations In R

— Reading data into R

— Manipulating data in R

* Visualization In R

— Basic plottir

— Advanced p

g
otting

— Building a crime map

INTRO TO R & VISUALIZATION
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Data science control cycle

y 4
1 ..
' Sanit
Ity
0. JERANS ..
4
D> 4.
e @ Valiaate
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Data science control cycle

What is the What data do we

oroblem(s) we need and how
need to solve? do we get it?

Research

How can we use Which method(s)

the conclusions in Sanity check IS appropriate
the real world? yourself to use?

Interpret pefore o Model

How does the Do the model and

model generalize assumptions work
to real world data? as expected?

Test ' Valiqate

N
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For every job there is a tool

» Hadoop * R

* Spark * SAS

- SQL T T » Dell Statistica
* SPSS
» Matlab
* Python

» Google Prediction API

: » v &, »

PR 1

EATED PRYSICAL'DATA VAULT ON

\ T u‘.oor? mémegeneralor. net

YoU CR
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For every job there is a tool

e R
* [ableau
* IVEDIX

Density plot

All of these
visualizations were
created In R

INTRO TO R & VISUALIZATION DATA SOCIETY © 2015
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Supervised machine learning

Output y:
voter —> m m affiliation

-xamples: Classification and regression are supervised machine learning

INTRO TO R & VISUALIZATION DATA SOCIETY © 2015 20



Unsupervised machine learning

[INnput x: OUtic)gL|J\J/Eeyr1
\Voter (to be discovered)

VWe want to impose structure on the |

INTRO TO R & VISUALIZATION

meaningful about t

-7

pu

e C
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Machine vs. human

Understanding context
Thinking through the problem
Asking the right questions
Selecting the right tools

Performing calculations quickly

Performing repetitive tasks

Following pre-defined rules v
Interpreting results
INTRO TO R & VISUALIZATION DATA SOCIETY © 2015
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* \What Is data science?

» A data scientist's approach

Outline

* |Introduction

to R

— Calculations In R

— Reading data into R

— Manipulating data in R

* Visualization In R

— Basic plottir

— Advanced p

g
otting

— Building a crime map

INTRO TO R & VISUALIZATION
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Why use R

1. De facto standard among professional statisticians

2. Comparable and often superior in power to commercial products (SAS, SPSS)

3. Avalilable for the Windows, Mac, and Linux operating systems

4. R Is a general-purpose programming language, so you can use it to automate analyses
5. Create dynamic graphics and visualization

6. Large community of users, many are prominent scientists: www.r-bloggers.com

/. Pre-made packages to run data analyses contributed by user base (over 6,500 packages)

Source: http://cran.r-project.org/web/packages/
INTRO TO R & VISUALIZATION DATA SOCIETY © 2015



1. Can be used to analyze and visualize THE TWNO STATES OF

data

7. Can be used to write software

3. Can be used to create data products

and applications

In this course, we will focus on how to

analyze and visualize data

INTRO TO R & VISUALIZATION

WEIIY I'II(IGBAMMEII

_' ters . -
l * WHATI'MDOING
.
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Data formats R can read

« Can work with many types of data

% Fxcel unst‘rdcturedta*

information
Microsoft®
SOQL Server l l

o ame $SAS

INTRO TO R & VISUALIZATION DATA SOCIETY © 2015 26
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Companies that use R

211/ VB facebook B Rt

T|: TechCrunch

@’l)e New

-3

7 o
)t

‘:-“”" HRDAG Z'”OW

JJork Eimes oy COF Gﬁ EE -

Google  Genentech NORDSTROM
- @ggnopic SYNTERVISIINS

‘t; okcunp truha [@mj ) OncoMed LLOYDS

‘ , " B l le s l l E Q -..-.. Q..‘ l
| e [EXAS e °
IlNl—\ ' 4 NEW DIMENSIONS IN DIAGNOS INSTRUMENTS Value()lnc(_)kdlél C Il - (Canada
INTRO TO R & VISUALIZATION DATA SOCIETY © 2015
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Data capacity

Customization

Analyzing data

Modeling

Seeing data

Usability

R vs. Excel

R can read files as big as several Excel can’t read more than 1,048,576 rows and
gigabytes and trillions of data points; 16,384 columns (2011 version), files over ~300
only limitation is your RAM megabytes can be very slow to work with

Can create custom visualizations Drop down menus limit ability to manipulate

through code, very flexible

charts and graphs

Powerful, pre-built packages that Less flexible built-in analytic abilities that can be

speed up work flow

augmented by macros

Data analysis and statistical models Complex financial and accounting models
Built-in spreadsheet viewer Easy to use spreadsheet interface

Direct commands similar to Excel “if- Keyboard shortcuts and slower point-and-click
statements” functionality

INTRO TO R & VISUALIZATION
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Visualizations in R

R

Simple customizable code: flexible

Excel
Drag and drop: rigid

DC Crime Jan 2013 - Dec 2013 Y
e | "

L~ »
L ] - L .

— -

i A ) - “

LATITUDE

LONGITUDE

INTRO TO R & VISUALIZATION DATA SOCIETY © 2015
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R vs. Python

* R has more convenient statistical packages to analyze data than Python
— More than any other software tool, over 6,500 as of April 2015

* R Is easler to learn for non-programmers than Python, less code Is required to
perform tasks

« Python is used by many data scientists to build data products (they also tend to be
computer scientists)

* Python can be easier to integrate into web applications

Source: http://cran.r-project.org/web/packages/
INTRO TO R & VISUALIZATION DATA SOCIETY © 2015
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RStudio overview

. favivemmend Moy
1@ o \ove N 7 " . s R ) St = - * et Deare Lrdr

oy —

: :4 . e

7 Bk |

0 » Top left runs commands, called * Top right shows summary of data
1 Script and variables currently loaded,
- called Environment

(rerw - Fles Mads Paibages  Welp Vs

ke » Bottom left shows results, called » Bottom right shows help files,
Console oraphical outputs, packages, etc
ot

e ——— -—
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Working with R: Comments

* Hashmarks are used to add comments and annotate your code

# Comments need to start with a hashmark, but don’t need to end with one

# Hashmarks show up 1n green and are included to explalin your code

* |t's good practice to annotate your code
— You can go back later and understand what you were doing

INTRO TO R & VISUALIZATION DATA SOCIETY © 2015
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Executing commands in R

» Code is executed when you press : e |
"Run” in the top right hand corner of ) — -

the script window

o O S >N
. L]

3
* R runs the line of code where your s
. ()

cursor Is located

* You can also highlight multiple lines to
run at once

Note: R Is case sensitive

INTRO TO R & VISUALIZATION DATA SOCIETY © 2015 33



* \What Is data science?

» A data scientist's approach

* Introduction

to R

Outline

— Calculations in R

— Reading data into R

— Manipulating data in R

* Visualization In R

— Basic plottir

— Advanced p

g
otting

— Building a crime map

INTRO TO R & VISUALIZATION

DATA SOCIETY © 2015

34



Working with R: variables

« A series of numbers (think columns in Excel) can be defined using the arrow
(<=) or equals (=) sign

Script
# Define variables with arrow
A@ c(5.5, -6.5, 7.5, 8.5)

Script

# Define variables with equals sign
A@c(5.5, -6.5, 7.5, 8.5)
= c(1, 2, 3, 4)

* The command c ( ) stands for “concatenate” (join) a series of numbers

INTRO TO R & VISUALIZATION DATA SOCIETY © 2015



Basic operations in R

» Just use + sign » Just use * sign

Script Script

# Add variables # Multiply variables
A = c(5.5, -6.5, 7.5, 8.5) E = D*33
B:C(lr 2/ 3/ 4) K
D= A + B
Console

D > E

(1] 214.5 -148.5 346.5 412.5

Console

> D
[1] 6.5 -4.5 10.5 12.5

Enter formulas in top left window (script)
Output is shown in bottom left window (console)
INTRO TO R & VISUALIZATION DATA SOCIETY © 2015



* When a variable is named (ir

Working with R: variables

use It for subsequent operath

" »
O . (¥

O intro to R and Visualization A

stantiated), R stores it in its “environment” and can
ONS

r 0

& Project INOne) »

A = Eavironment Mgy oy |

Source on Sirve A7 *lus e ' Source = * » import Dataset List -

9 A~ c(35.5, 6.5, 7.5 8.3
» s
31 D«A+ B
¥ D
W)
3 E ~D*33
» ¢t
L ¥

37 1 L) Fage 35 Rasi operations n R

INTRO TO R & VISUALIZATION

5 Clobal Eavironment «

« Cl3, &, 2, & \““‘
1 D= A mum [1:4) 5.5 -6.5 7.5 8.3
- rum [1:4] 1234
- iply vericbles

&
D mum [1:4] 6.5 4.5 10.5 12.5
l rum [L:4) 2146 <148 346 412

X Songn
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R can run several lines of code

* You can highlight several lines of code

and press "Run” to execute all of them —
) . . ] . U1 Intro 1o R and Visualization.R
» Highlighting can be done either with the Souceonsave | Q 2 - L CaRun )ss
mouse or by holding “Shift” and using the D A= C53, 65, 75, 8.9
arrow keys 31 BEkesl
32 D
33
. 34 # Multiply variables
* You can execute a command by pressing s
‘Ctrl” + "Enter” for PCs or "Command” + 37

((

nter” for Macs

29:1 L) Page 36: Basic operations in R 3

Troubleshooting: if you have trouble with this,
try restarting R, restarting your computer, or

reinstalling R
INTRO TO R & VISUALIZATION
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Executing operations

* You can run several operations in 1 line of code

« Or you can separate steps and instantiate new variables to check your code

more easily
c L] .
O . - ) & Project INone) -
0 Intro to R and Vissalization A -0 Envireament  History -
Sowrce on Sarve A 7 - *Run e s Source o * *import Datasets List «
4. F Youl cor rus sewerel coeretions I orw L\ 1 Cobyl Envrgnmen »
. Yalues
:; | A e [1:4] 5.5 657,585
I yOu Can s4oorgte ‘ ree n
46 3 ‘ ' B mm [1:4] 123 4
7 E < o 0 e [1:4] 6.5 -4.510.5 225
T N Y £ mam [1:4] 214 148 346 412
49 Me-G*5 G e [1:4] Z1E ~164 350 406
9 H M e [1:4] 4. %011 6. 300+10 5. D9,
S
453 L Page 19 Darcytiog operations : R Scrige
INTRO TO R & VISUALIZATION DATA SOCIETY © 2015
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* \What Is data science?

» A data scientist's approach

* Introduction

to R

— Calculations In R

Outline

— Reading data into R

— Manipulating data in R

* Visualization In R

— Basic plottir

— Advanced p

g
otting

— Building a crime map

INTRO TO R & VISUALIZATION

DATA SOCIETY © 2015

40



A note about data

» Data can be found on a variety of sites on the internet

* Processing data stored In different formats Is covered in a separate course

* For the purposes of this course, we will provide all the data sets already cleanead

INTRO TO R & VISUALIZATION DATA SOCIETY © 2015
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Loading datain R

» Loading data from your computer
— Point and click

@ Mitwdo Me Lo Code Vew Moty Sesson  Dube

P.—-o- L ——— I —— - - — -

® o
.°‘ £ kb ) -

Wbl »
L3 Souce on Sam w 7
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Loading datain R

» Loading data from your computer
— Enter code into script window
— crime incidents 2013 isinstantiated as the label of the data set

L Intro to R and Visualization.R « g |
o . /SourceonSave G JS - | | % Run %% < Source -
D ¥ T e o o e —— ———— —— 0 . 2 0 S € S — — S — S~ > — S > S—— " " - — " S—
53
54 « #%#%#% Page 43: Loading data in R ###&#

S5
>0 Loading a .csv (comma separated value) file from your desktop

% "

o7 Below 1S a Mac directory, Windows uses the C:/ directory

S8 setwd(“~/Desktop/introduction to R and Visualization/iIntro to R & Vis data sets™)
99 crime_incidents_ 2013 = read.csv( crime_incidents_ 2013 _data.csv™)

60

6l~- #

INTRO TO R & VISUALIZATION DATA SOCIETY © 2015



Loading datain R

* Loading data from the internet

— Point and click

— crime incidents 2013 isinstantiated as the label of the data set

@ Mitadio Me Ut Code Vies Mots Sessor Dute Oeteg [l Wrdos el

B— e G Y S GBS AW PR SR e

O ntro % R and Vissalization | &

6
63 -
o4
(5
(20
&7
Y
” :
B
1|
72
’3
T4+
g

INTRO TO R & VISUALIZATION

WuceonSam Ny /S -

aras l‘;(,c 45 \oading Sota I\ R PEiy

| w0t Cstesst |

DCmeca S Pacage Upasm

e

g Loaging @ .Y (Commg seporoted vwalwe ) flle Trom ttervet

crime_incloents V1) « reod.cov.  "Mttp://datasoc

woon from Webd URL

Please eater the URL 10 import data from:

Mip udamo(«v.(bwm_n(mms_zol 3 dmacw

[ ok | Camet
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Loading datain R

* Loading data from the internet
— Enter code into script window

— crime incidents 2013 isinstantiated as the label of the data set

# I - o 4

. -

O o % R and Vissalization R

* Sounce

WuceonSawm Ny S - SRen
=
6l ~ b -
6
63 « frer Poge 45: Loofing coto 1m R reee
o4

-

N = BEBF Poge 46 Viseoiizing
71
72 View crime_ incicents 2913)

73
M 2

ot rrey

INTRO TO R & VISUALIZATION
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Verime_inc. JSK

Yolues
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8 ~un
C cun
£ run
G un
M run
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Visualizing data

» Once data is loaded, you can see I

= as a spreadsheet by either:

— Pressing the “spreadsheet” button in -

he top right window

— Using the View () function in the script window

e ®
Qlv &~ ”

0 Intro to R and Visualization.R » | crime_incidents_2013

3 Source on Q /-
71
72C View(crime_incidents_2013)

73
74 ~ &

e
Ol~| &3 ~

27 Intro to R and Visualization.R « | crime_incidents_2013 «

\ " Filter
CCN REPORTEDDATE  REPORTEDTIME = SHIFT
1 4104147 4/16/13 12:00:00 AM MIDNIG...
2 5047867 6/5/13 12:00:00 AM MIDNICG...

INTRO TO R & VISUALIZATION
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#”

2

2

RStudio
— Environment  History
~#Run %% “a* L) _#Import Dataset ~
% Global EAViTe
Data
e R e 0 . WDcrime_incide.. 35826 obs. of 22 variables
RAStudo
—— Environment History
% |4 2 Import Dataset~
OFFENSE % Global Environment »
HOMICIDE Data
SEX ABUSE

4 -

% Project: (None) ~

——
| e—

List~

& Project: (None) «

—
_

List~

Werime_incide.. 35826 obs. of 22 variables



dir () function

* Lists all the files

Number of
the file In
the list

INTRO TO R & VISUALIZATION

in a particular directory
o

. .f. A

O tro % R and Visealizatin R

uceonSam 'y S+ | *Ren %% 9 Source
'y
[ W T ———
™
O~ BF2y Poge AT: gir{) Terction erae
44
T8 ¢ Tell R tte file poth you st 20 Wie
79 2 ROte Windows uses the C1/ dlrectory Instead of the «F girectory
3 oir{ " Desictop/Votc Society” )
81
82+ » - - -
Console DEtAiog inireduction 1o R and Vieakrathon st 10 | & Vs data sy —

(329) "Twitter API Instructions for R.pof”
(230) "Twitter API Instructions. pgptx”
(23]1) “tmitter_prelim.R”

(232 "US QDP . cav”

(23] "US Mouse Votes J.ipg”

[234]) “US Rep Mouse Votes. jpg”

{(235) "UScereols copy.csv”

1236) “UScereals . cw”
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read.
read.
read.
read.
read.
read.

read.

read

read.JPEG ("filename.jpg")

INTRO TO R

R can read many types of files

csv("filename.csv") read Excel files converted to csv format

table("fi1lename") reads a table from a text file
spss("filename.spss") reads SPSS files
dta("filename.dta") reads Stata files
ssd("filename.ssd") reads SAS files
octave ("filename.octave") read Octave files
mtp ("filename.mtp") read Minitab files

.systat ("filename.systat") read Systat files

H= H= HF= HF= HF= FH H= HF= FHF

read JPEG 1mage files

\

Note: this requires us to install package called 'jpeg’, we will cover packages later
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