DATA SOCIETY

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

- Albert Einstein
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Course syllabus

1. What is data science? I1SII’ATASBIEN'IISI

(\!

7. Manipulating data in R

3. Visualization in R
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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
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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

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017



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

videos

NETIELR
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What is “Big Data”?

» Big Data is large volumes of information y 2
. s
— Moving g,»;ffﬁ
— Storing e
— Manipulating =
— Accessing
* |t 1S not:

— Analysis or insights

That's why you're in this class!
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What is data science?

* Data science a
method to ana

oplies t

VZING C

ne sclentific

ata

* |t lies at the intersection of several Learning

disciplines

* |t draws on domain specific
Knowledge that makes the analysis

of Big Data possible

INTRO TO R & VISUALIZATION

Data

Industry
Knowledge
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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
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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
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Data science job market

Somewhat important v Very important ¢

Basic tools v v V4

Software engineering v v

Statistics v v v

Machine learning v

Data processing V4 v

Data visualization and

communication 4 v v

Thinking like a data

scientist v v 4
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Who hires data scientists?

m= Microsoft Bankof America 7 m \/

Ex¢onMobil
FARGO

amazZoncom
N/
CGo 81€ facebook
LIthdm ognizant
® !‘:,?_7«, ™
Source . datasciencecen tral.com
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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 plotting

INTRO TO R & VISUALIZATION
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Data science control cycle

y 4
1 ..
y. Sanit
anity
0. JERANS ..
4
> 4.
e @ Valiaate
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Data science control cycle

What is the What data do we

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

esearch

How can we use Which method(s)

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

Interpret pefore you.. Model

How does the Do the model and

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

Test ' Validate

N

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017
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For every job there is a tool

- Hadoop * R

» Spark « SAS

. SQL BRI - SPSS
- Matlab
* Python

» Google Prediction API

: » v &, »

PR 1

gnn PHYSICALDATA VAULT ON

\ T u‘.oor? mémegeneralor. net

YoU CR

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017
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For every job there is a tool

e R 4
* Tableau
. I\VEDIX ,
Density plot
% All of these
g visualizations were
) A Z created in R
INTRO TO R & VISUALIZATION DATA SOCIETY © 2017
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Supervised machine learning

Output v:
INnput Xx: P. 4

Political
Voter L.

affiliation

-xamples: Classification and regression are supervised machine learning

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017 17



Unsupervised machine learning

INnput x;
Voter

.'
..A
Tl "I

<:70

A

VWe want to impose structure on the |

INTRO TO R & VISUALIZATION

meaningful about t

Qutput v:
Not given
(to be discovered)

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

v

Following pre-defined rules

Interpreting results

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017
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Setting up R: overview

1. What is R?
7. Download R from the CRAN website (http://cran.us.r-project.org/)

— R for Windows
— R for Mac
3. Install R Studio (http://www.rstudio.com/products/rstudio/download/)

—  RStudio a prief tour
4. Running a script
— Variables

5. Reading in a data
—  Manually
— Through the script

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017



What is R?

* Ris a statistical p

rogramr

— Has many similar

NINg software

‘eatures -

— Scripting language

* |t's free and open source

* Has lots of helpful pre-built functions
— You can build your models quicker

* Easy to learn

INTRO TO R & VISUALIZATION

0 SAS, Excel and SPSS
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Install R

& © C L amarprojedtoog OS =
The Cosprehensive R Archive Network -
Josd s [ratall ¥
Precouspuind banorys doam fnspons of the bave vy viem snd contrdntnd pachages. Windens and Mo werry inent Sy ot sue of
Yrades o R
o pant of sasyy Lassx dosnibetoon. you dosdd cheack wilh vour Lissx pacage masapesnns ovvins o addiion 1 the Lok
€
<o Code Tar all Platforss
wdows sad Mac weery ot likely wame %0 dowioad e poocompded banmaes Bated @ e wpper box. ot the source code The
b 30 be congrind befone you con o them U vou do oot kaowr bt B eavamn. You probally o ot vt 8o 4o o'
m o The Saur svboane (004-00-31 Prsgitnn Hobuwe) B-3 1 2t 2. ooad plal's e o S Satoer vevnains
6? o Sowoe of K akie sod 2ot 1oionars (duly waapaiots crasend oaldy e tumee penads Sedore 8 plasaad reloane)
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mﬂl I o Sowce code of older vewncen of R s naulabie hewe
o Commbuted exoemsscn package)
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R for Windows

&~ C |} aan.us.r-project.org 0O S =
@ R-3.1.2 for Windows (32/64 bit)
WS (54 megabytes, 32/64 bat)
nstallation an her instructions
1 New features in this version
CRAN
Mirrors

INTRO TO R & VISUALIZATION
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R for Mac

&  C D omusrenoptog 0 S =
R for Mac 0% X ‘
Thes dmocsony commemm bonmeses Sor 2 Sane domnbutson sd pockagrs to v on Mac OS X Gorlese M S ond hone) Mc OS5 360 Jdmd Nc S X 10 1 i mr e
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e B losnal o Bt Tormaond npplecatoms ve prst G N dhachoms Sor G B3 T Jomamverschs plig wanpe O Now 05 X 10 7 el Lamey vous o alnd tadedone the sgnandas vy
el aherh aipreture B0 0. 3 maver bk g
Softeare
R Scumy Filan
B Daasnes X .
Packazes Bl wenlecond i R 3.0.2 Sy for Mac 05 X 106 (Seow Leopad) sad Rgher. wugend pociiage Commmma X ) 12
Otz e A e e RS Samework. Xagy OUT | 45 o 650w for katel Macs The sbove fide o sa lostalier package whack con
(v MIER, b matnind bn dombie i limg Dirpendang on vome bremvn vom sy need 1o guees the contenl by
Do s Tl wwe el clack om B Lk o Somadiond the e
NHEFITN
FAL: Thas pochape contmen e R Sasarwork 6350 OLT R agy ) and Tel Th £4 0 X171 Whesmes. The lanvey
Contniband comgpineted o aptonsal sl Con be commaited Whem chousang oo maiall” o & anly sended of yow
W 00 ee Bt i B opacioage GNU Torwan s NOT e daded (aendnd of vou wine 20 comgnle
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What is RStudio?

B var2ion 3.1.1 (214997108 S0tk it e Me™

FlatfTorm: 2HEIST L UL 1Z2703BE €32“DBie )
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Student's t-Test
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Install R Studio

-

c

W Irste 0. com

Gﬂudid

Download RStudio Desktop v0.98.1091

instaliers for ALL Platforms

to learn more

about Shiny!

e

INTRO TO R & VISUALIZATION
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RStudio

e B Coln San B Soetee Bam A Tk e
Qe fr U2 >

O Uied

o=

2d T 100 0 2w w7 ARn SO 2%
|

Script
(This is where you
type your functions)

& verston 3.1, (004.07.30) «« "Sxh 1R tom
Copnv ighm (€] JO04 The & roaniit lon Tor It ianical companting
Flanfore: X 64wl -mingull wid (G4 -biz)

E 10 Tree 2002 and cOmat wish ARSCAVTILY MDD BARRANMTYY.
You e wicome 20 redizsribate 12 under cartain coditiom
™t " Ticommal)' o "Toexiel) ' Tor disnribnnion detalls.

Console
(This is where
yOu execute
vour functions)

By o o) Tabir it ive project with sirwy COmr Iintory
VP Ccomribtorsl)’ for sre 1fOoration avw

‘cltmionl)”  on how to clite &k or &k pachaom In pablictiom
ype Gemol) for 1ome o, ‘Meipl) for on-Tire Mwlp, or
‘mipMertl)’ for o i brosaer 1Merface o Melp

e Q) o uit »

[erbspanin 1o Trom o 0D 2)

=

- o Malowy ——
f i o Dewer 4

e M Fahagmn ——
.‘J’Q\---

b Dutem it Tan

¢ ot D

Oeacrption

Usage

y e HeEp &

NS AANLE

M Sl tllu\dp
1\:, -

llA
e =

E.500RiTailin,

Arguments

do o

Student’'s t-Test

S Piind & 'A.Jt v.o.oq.o'. & FALRL,
SURE.Loval &

altix

£ oot puns o

Variable
-nvironment

»
2 Cocumemtiton ]

ot vvmdovv

Liwe » Lni . al3nd™, TLomr™, “Jieain

PeP8y ol

SaLh, DML, RA. M8 00, ..)
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Script and Console

* Script
— We use scripts to generate re-usable code
— They are like macros
— Code is not executed here unless you press run (see next slide)

— Good coding practice:
* When saving a script use a name that describes what the script does I.e. counter

» Comment your code using #

 Console
— This Is where the code executes

- LY P b e ad

— It is the actual R program (backend)

— Anything that you type in here will be executed

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017



Running code from script

Type "Mcense()' or "Hoence()' fTor gdistribution detatls, 2

R 15 2 colladorative project with sarwy contributors.
ype "comtridutors()” Tor sore information and

‘citation()' on how to cite R or R packages in publications

Type “demo()’ for some desos, 'help()’ for on-line help, or

hWelp.start()" for an WM. bronser interface 1o lp.

Type “ql)" to guit R,

[workspate louded Trom /. RDatal

>

INTRO TO R & VISUALIZATION
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es Fats Padhages  Help ——
2 Pt

. 4 .

RSty i e

1 dosl (oinis) H Do urmanton j

Student's t-Test

Description
Parforms ore anxd Svo sarmgin Hieais o wecions of Gets

Usage
2.0t EiX, ...)

20 Default S) sethod:
C.508TC(X, ¥ » NULL.
SLtersative = Cci("twvo. i, Tlear“.

e O, palred »~ FALSE, var,.aqual » Eg
' O

| ]
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Running code from a script

. o ore) ¢

Warkspaie Hitary -

Highlight the code e o
yvou want to run | Rba “‘"mj
——— Student's t-Test

R s a collaborative project with sany contridbutors. =j Description
Type ‘contributors()’ for sore inforsation and

‘Citationd)" o how 10 Cite R o R packages 1n publications.

FOrionms 000 and Two SR 1305 ON vl lors of Ol

ype ‘deso()’ for some demos, "help()’' for on-lTine help, oOf Usage
‘help.start()' for an ™A browser interface to help.
Type ‘()" to guit L

(workspace Toaged from ~/ RData)

Y e s s s s - i Bamusam - e al ' aauaud
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Running code from a script

5 rosec: o ¢

Warkspaie  Hivtary -
I Mcvmonton & /- . B Pt F
é‘.;!.-r.ﬂ-.' things Tollowing # aren’™t sascutwd t
dd To run the code In the console
o . Fiex Plots Packagee Mep .
e Press: Run 2 94
C)r- EVvuosriit Tt -
Hit: ctrl/command + enter I R j
Student's t-Test
R s & collaborative projedt with sany contridutors. =} Description

Type ‘contributors()’ for sore inforsation and

‘Citation()" on how 10 Cite R o R packages 1n publications. Porionrs 000 and two samoie 13055 on vockas of data

Tvee "deso()' for some demos, "help()' for on-1ine help, or
‘elp.start()' for an M. browser interface to help.

Tvee ‘()" to guit L

Usage
T.EeaT i, .

i wt
(Workspace loaded Trom ~/.RData) 0 Defaalt 23 method:

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017



Running code from a script

Q-+« - b I = - b rcpec pucew: o
U.‘svm;°' '——. w m —n-
i M Sowmentoe /- SR N Yuc v | £ H _Frgerneam ¥
1 ¥ Sertting TRFI L= 2 Vetwes
‘! » Hw o 1 } . B . I ' N )
3 a3
4 b.2 b ;
> d-4 d 4
O
4 fa+10
8 abd —

»

[N

? Me

b -

> # Setting uwp variables

"
3
"
A

» Fas10

oo | IN the console

INTRO TO R & VISUALIZATION

(1) 9

® Shadents -

2 1hest {sais)

°!'..‘g PR 3 "‘.{‘ @

ﬂDocmMj

coesber things following # aren’t executed

orm arxd Bvo sampin Heals on wecionrs of dela

Code Is executed

Usage

C-S00CEX, ...]
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Running code from a script

O -85 = - : e
0 | Lwanier: o Werapade Mty S—_-
i M Sovrontem 4 /- Shun $Couwy ¢ | * L e D {
{9 Setting up variables 2l vetves
P, » | s ¢ ; " a a 3
3 a3
4 5.2 0 ‘
3 d-4 J 4
4]
8§ abid Files Plots  Pachages  Help -
- y /l\
2 ety Tt
1! (Sals) H DO umentaon j
Student's t-Test
# Setting up variables
: :G;(‘ect-e' things following # aren’t executed NOJUCG #a:]_ O Descnpbon
&-v- is a comment and not Pertormss, com and two saemole Hests 0n wcions of data
-0 (UM ‘cxecuted’, otherwise Usage
» 2+hed
(1] 9 a+b+d = 16 rather than 9 t.testix, ...|
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Variables

' vn'o.? I A

smesber things Tollowing # aren't vxmuted

Once the code Is run
the variables are
“stored” in memory.
Here we have a,b,d P

lk*f.‘

Conscle

# Setting uwp variables

f Resesber things following # aren’t executed
a3

=2

4.4

fa-10
2+hed
1] 9

ey Y Y Y VY Y Y V%

INTRO TO R & VISUALIZATION
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Reading in data

* Data comes In many forms
— R can read Iin most forms

* The most common to work with now days are

— csv files - comma separated value files

ﬁ
ﬁ

— tsv files — tab separated value files

* R can also read in others (excel and json) but that is not covered here

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017



Manually

V2 B & o

¥ JUnttied]* »

bd I ScurcecnSave 4
SELTIng up variables
wemenbher thinas ftollc

“PRun 9%  wSource * |

QY WV B WiN -
« Wl =g TH W
- N

FAwll

2

ﬂ(r-

Tools > Import Dataset > From Text Flp
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Manually

mistakes so be sure to double check

* R will automatically select options for you such as heading, sometimes it makes

4 1 u P o

’ R . M Pfte s e

T wollod A e
.‘ PSS . w . o .l.‘.,.}f

ul OOCPIUOOS.QOQ
”“..0..¢ ceag )

. LR LS e -
6000&&0 woheow fuw
' u ".“'. .‘,“
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R
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=% - v P
. ‘o"a"ot" » O‘u ..0"'.
h”" A A o“ \o.!uo'.b‘o“ 0‘;.
- $ 0”.‘“””” . N el » . -«“
nmm&uassuuﬂcnumom
Sp Tt ¥L >
ooe > OO SQ ™
’ T e AW W s o
.\." . , . ‘

'.Qol‘ » .. ..-).Qo . .‘
P my .‘\0 L — gy ”“

‘ ”“"\c ‘.““.
S QGOQQ“ QOQQOOQQ

...... a
“c Ol el R ? .).“Oo .
AN PAaPe e Pam sy raraminne v

dfﬂddé@@?OOGdiaalJ

Data Fraerw

put File
finnd.
N
<
<
d
‘
A
«d
9
.
]
|
A
.
»
)
A
).

. Irgort Detasnt
Sepawranos | Commy
Pevrand
Quane Doubie guone )

z
n
f
:

P O Coln Suw Pt fmme Seget R Tes el
i T Sowrte on Yo

- “o «
.U = 2 &
- B »
- . ”lro - | on.
. = Ay .Ib n
\ B M B B F - - "

- - A YT AN D

-
o

t

B Chests On veciors of dala

T

'SRRZKERT

1¢|‘t .Vl.

residual
20.70

itric. . id

voOO0O0OLO0OQ

)at e idiny

b et

COo0O0OO0OC

|
¢

»
-
-
-
-
MQ"\.”:GJ
W R e

» F Setting wp variables

> # Resoxber things foll

» =3
> b-a‘

Comscia

» d.‘
>
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Through the Script

Me S0t Code Veew Moty Segson Moed! B Tooh e

Q- 1B
Hestat K

'-',L"‘o’.\ﬂ:" o B3 ]
L, f’ﬂw_ % Souece Me Lacaton SRn % _#Source
o % Fies Fane Locwson =

Z F emembet sanmh.
3 a-3
4 ;:? Oear Workspade. ..
< b Step 1:
7 #a~10 Select your working directory
8 abd L
(This is where your data files are
located and where your documents
will save) of
0 10D Lvw) 3 R Seript &

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017
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Through the script

! w0 —
[J [ Source on Save ‘ / . * Rur S+ ' Source ¢
] SETTING UD VArTab 1. -.J
’, F Remember o , 10 ‘N Foaren’'t exeduted
3 a-3 StGQ )
4 2
X :} . Use the read.csv commana
6 to read In
" #a=10 (( : : ))
8 a+«bid Whlte_Wlﬂe.CSV
9
10 - ¢ 10 ’ A '
11 white wine data - read.csvi"white wine.csv"
1.7 o
ﬂ -"( ol S R Seret &

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017 ; 39



Through the script

O Unttiedl” »
bl T SourceonSave § / - “BRun 9  *Sourm
l 3 . 5 & = a Jar 1 ‘ .
) > T > 4 _ | |
i a-}
4 b
S d-4
6 Step 3:
7 ™ . .
S8 o 4 Highlight and press run
9
10 #MFr0e 10 be 10a0e
11 white_wine data - read.csvi"white wine.csv")
1.
ﬂ ':':. vt .

INTRO TO R & VISUALIZATION
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Through the script

Q- F- B B3 = y b orcpes Nere @
o LT e —- w M —n-
il M evnontoe 4 /- Shon S Soue v | f il FreonDeawm J
l F SPHETT™hS y VAl 1.
“ » ' r ! - . 1 9 !
J a3}
4 b2
3y o4 o
6 b <
4 Pai
8 ab.d J 4
0
10 /M1l T D Natel
11 white wine data read. Gvi " white wine ¢cav®™) s Flotn Pachage Help -
12 o 9 A\ |
s 0'-\';) v o - $? tsgm"'.‘"‘.'

<-Working directory location-> ot it} H Documertmcn ]

Student's t-Test

o~

» white wine data » read svi™white wine. ¢sv™)
»

MNas sreimbonn
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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 plotting

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 © 2017/



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
.

DATA SOCIETY © 2017

44



Data formats R can read

« Can work with many types of data

% Fxcel unst‘rdctured“’*

information
Microsoft®
SOQL Server l I

JISON} | <HTML> SSaS
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Companies that use R

Y 2o/ r @) infosense.net
RBITZ facebool« R e col

' TechCruncl

@h ¢ N c\v ﬁ ork Times

OOUK Ge"e"t?Ch NORDSTROM

; okc

(B

NZ\OI

A

INTRO TO R & VISUALIZATION

BI®SITE

y

’ =
=
R Zillow

~veor B8 a I}

‘—"'”

(© genomic

SYNTERVISIGINS
trU|Ia maa N L OncoMed LLOYDS
#ﬂ(;T.II}m ENTS Valuecr'r'ucetﬁ.;a; Pooce “ ':::
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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

DC Crime Jan 2013 - Dec 2013

R \’“’

Ly Ve

LATITUDE

LONGITUDE

INTRO TO R & VISUALIZATION

Excel
Drag and drop: rigid

W 4

Mry

: ”_“q

e321 !
OSﬁtJ

Jones Nirs Amburgy  Mny Wrs Gothed
Surmmens
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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 © 2017/
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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 © 2017
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Executing commands in R

- Code is executed when you press B
“Run” in the top right hand corner of

the script window

* R runs the line of code where your s o
cursor is located '

* You can also highlight multiple lines to
run at once

Note: R Is case sensitive

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017



* 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 plotting

INTRO TO R & VISUALIZATION
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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 © 2017



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 © 2017/



Working with R: variables

* When a variable is named (ir
use It for subsequent operath

0 Intro to R and Vissalization R )

9
e
3l
N
3
“
5
%
L ¥4

7

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

00

L Project INone)

w0 Esvironmest Hisaery -

—,

SOwrce on Save L\ 7" *lus e s Source - T ki * import Datasets List-

A= C(3.95, 0.5 7.5 8.5
I

D

D

F Muitipl

£E - D*33

t

]

£ Fage 35 Basi operaions A R

INTRO TO R & VISUALIZATION

% Clobal Eavironment «

- :;’..8". A \o‘“‘
. A oum [1:4) 5.5 6.5 7.54.%
rum [1:4] 1234
Y yeriocobiem

&
0 rum [1:4] 6.5 4.5 10.5 12.5
{ rum [1:4] 2146 148 346 412

| S('o‘,f,
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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 easlly

® o .o
V. T~ - L Project INone)
0] Inero to R and Vissalization A & - Envirenment  History -l
SowceonSave | / - #Run % s Sowce - #* L1 _*wmport Datasets List
= severc] coerctions in one lise N Cobty Envronmenm -
Yalues
: A ) i A e (1:4) 5.5 -6.57.58.5
' B e [1:4] 1234
0 e [1:4] 6.5 -4.510.5 125
3 mam [1:4] 214 148 346 412
G nem [1:4] 218 -144 350 416
M e [1:4] 4,901 -6, 300+10 5. 09,
453 L Page 19 Darcytiog operations : R Scrige :
INTRO TO R & VISUALIZATION DATA SOCIETY © 2017/
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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 plotting

INTRO TO R & VISUALIZATION
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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 cleaned

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017
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Loading datain R

» Loading data from your computer

— Point and click

Save As

¢ RStwdio m et Coce View Pioils Session Buid Debug MProftle Tools Window Help
°

o Now File > RSt
D1« &~ | New Project.. v  Adding »
Open Flie. - 48
2 Umtitled] »
Recent Fles > - *Run % + Source
| Open Project

Ooen Project in New Session...

HOCIS

Save with Encoding.. From qmq
Save Al RS From SAS...

From Stata
Kt Document OXK

-

INTRO TO R & VISUALIZATION
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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~- #
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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

N

L - " -
O imtro to R and Visualization R - 1 Environment  His
Source on Save A Jre *Run S w Source ~ - * Impori

oo 5 Clobal Environmu
ol ~ & . .-
6d Data
63 «+ 2232 Poge 45: looding dota in R #2222 JCrime_inc. 358,
o4 values
o6 - nun
o 0 nun
e £ num
o9 c
70 + 2282 Poge 46: Visualizing data #2223 num
71 H nun
72 Yiem(Crime_incicents _2o13)
’3
JAd « =2 Filaa Ly 1 [y T
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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 in a particular directory

Number of
the file In
the list

N

INTRO TO R & VISUALIZATION

-

[229] "Twitter API Instructions for R.pdf"
[230] "Twitter API Instructions.pptx
[231] "twitter_prelim.R"

[232] "US GDP.csv"

[233] "US House Votes 3.3jpg"

[234] "US Rep House Votes.jpg"

[235] "UScereals copy.csv"”

[236] "UScereals.csv”

"

DATA SOCIETY © 2017

' Intro 1o R and Visualization.R » oy [
SourceonSave { J - #Run %% < Source ~

'

£ S T - . — — -~

75

76 ~ #3298 Poge 47: dir() function #8853

‘r

78 2 Tell R the file poth you wont to use

79 £ Note Wincows uses the C./ directory instead of the ~/ directory

8@ dir("~/Desktop/Data Society")

81

82+~ e

Console ~/Desktop/Introduction to R and Visualization/Intro to R & Vis data sets — .

65



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

& VISUALIZATION DATA SOCIETY © 2017
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Types of data used in R

 Integers (-1, 5, 100 ) » Vectors

* Numerics ( 2.54 ) « Matrices (arrays)
» Characters ( “Hello” ) * Lists

* Logicals ( TRUE ) » Data frames

 Factors( ABC)

Basics make up composites

Note: R works only with types of data it “understands.” When loading new
data, you need to tell R what kind of data you are loading

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017



Why do data types matter?

» Different functions and commands in R can only work with certain types of data

* You may need to tell R that data from a spreadsheet is either a vector a list or
another type of data before you can perform analysis on it

* Note that a spreadsheet that only includes numbers can be called either a list or
a matrix

* You should tell R how to interpret the data based on what analysis you'd like to
perform

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017 68



INTRO TO

A vector Is a collection of elements of
the same type (a column with either all
numbers or all letters)

R reads data as vectors

Vectors allow you to manipulate a lot
of data with a single command

Operation between two vectors
requires that vectors contain the same
number of entries (same length)

Vectors in R

Console
> # Create a wvector

> x = ¢c(1,2,3,4) ", " separates
1] 1 2 3 4 commands that can
be on separate lines

> # Create a vector fof vears
> year = 2005:201«) year
[1] 2005 2006 2007 2008 2009 2010

> # Multiply constant Db
> xX*3
(1] 3 6 9 12

a vector

Add two vecto

>
>y=c(1,2,2,1)®x+y
(1] 2 4 5 5

R & VISUALIZATION DATA SOCIETY © 2017
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Vectors in R

U intre to R and Viscalizatoa R »

A vector — s [con

4104147
S047867
7083463
Nr2197
9251354

© P NN D W N

=3

INTRO TO R & VISUALIZATION

= -

100289

100335
101249
110101}
110455
112502

Showing | to 12 of 35,826 entries

. Filter

REPORTEDOATE

4/16/13
6/5/13
7/8/13
4/8/13
2/27/1%
22113
1010/13
4/9/13
ELTAR
13113
/RN 3

- - - —

 crime_incidents_2013 »

REPORTEDTIME

12:00:00 AM
12:00:00 AM
12:00:00 AM
12:00:00 AM
12:00:00 AM
12:00:00 AM
12:00:00 AM
12:00:00 AM
12:0000 AM
12:00:00 AM
12:00:00 AM

SHET

MIDNIC .
MIDNIC .

MIDNIC

MIDNIC ..

MIDNIC
MIDNIC
MIDNIC
MIDNIC
MIDNIC
MIDNIC
MIDNIC

]

OFFENSE

HOMICIDE
SEX ABUSE
SEX ABUSE
SEX ABUSE
SEX ABUSE
SEX ABUSL
SEX ABUSE
SEX ABUSE
HOMICIDE
HOMICIDE
SEX ABUSE

DATA SOCIETY © 2017
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Matrices in R

Console
> # Create a matrix

o > mat = matrix(l:6, nrow = 3, ncol = 2)
* A matrix 1S one or more vectors o
stacked next to each other
[,1]1 [,2]
1, 1 4
» Matrices can have row and column 2, 5 5
names, which can be determined and/ '3, 3 5
or assigned (i.e. a customer list) by -
dimnames, rownames Or Script
colnames functions ¥ Get matrix information
class (mat) # "matrix"

» A matrix is a table where all the data is 5 'Veit?r (mat) ji E;IEZE
of the same type (i.e. numbers or 1s.matrix(mat)
letters) length (mat) £ 6
dim (mat) ¥ 3 2

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017



Customizing matrices in R

Console

> matl = matrix(l:6, nrow = 3, ncol = 2,
byrow = TRUE)
» |f you want to put in your data by row S matl
instead of by column, type byrow = 1] [, 2]
TRULE 1, 1 2
2, 3 4
* You can add names for rows and (37 > 6
columns by using the function
dimnames > mat”Z2 = matrix(l:6, nrow = 3, ncol = 2,
byrow = TRUE, dimnames = list (c("Rowl",
"Row2", "Row3"), c("Coll™, "Col2")))
> mat’
Coll Col?Z
Rowl 1 2
Row?” 3 4
Row3 5 o

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017



Listsin R

> # Create a list

Console

o . . > Johnsons = 1list (husband = "Bi11ll", wife =
» Alist Is a vector with different types "Joanna", children — TRUE, child.ages = c (3,
of elements (data) 13, 18))
> Johnsons
. : husband
 The elements of a list can be numeric »hu |
. 1] "Bill"
vectors, character vectors, matrices
and other lists S
wlfe
[1] "Joanna"
o |ist components are determined by $
sﬂgms Schildren
1] TRUE

Schild.ages
(1] 3 13 18

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017



INTRO TO

Listsin R

length ("1ist'"): gives you the
number of components

class ("1ist"):identifies the data
type of the information

names ("1ist'"):ldentifies the name
of each component

"lTist"[1:2]:1dentifies the specific
data in those components

"list"S"component name":

identifies the specific data in that
component

R & VISUALIZATION

> # Get list information
> length (Johnsons)

(1] 4

> class (Johnsons)
[1] "list"™

child.ages"
> Johnsons[1:2]
Shusband

[1] "Bx1l11"

Swife

[1] "Joanna”

> Johnsons$child.ages
(1] 3 13 18

DATA SOCIETY © 2017

Console

R automatically

nu
CcO

i

il

Ders L

r

e

DoNe

NtS

"children"

74



Li

stsin R

U bstro to R and Visualization R « | crime_incidents_2013 «
-4 . Fiver

A list CON REPORTEDDATE  REPORTEDTIME  SHIFT OFFENSE
iNcludes =—— 1| 4104147 416/13 12:00:00 AM MIONIC..  HOMICIDE
several data 2 5047867 6/513 12:00:00 AM MIONIC. . SEX ABUSE
types and 1 7083463 7/8/1) 12:00:00 AM MIONIC..  SEX ABUSE
Uunstructured 4 917197 4/aNn) 12:00:00 AM MIONIG. . SEX ABUSE
data $ 9251354 27271} 12:00-:00 AM MONIG . SEX ABUSE
6 100289.. 27271} 12:00:00 AM MIONIG . SEX ABRUSE
7 100335 10/10/13 12:00:00 AM MONIG..  SEX ABUSE
8 101249 4913 12:00-00 AM MIONIG . SEX ARUSE
9 110101 /M) 12:00:00 AM MIONIG..  HOMICIDE
10 110455, 1/33/13 12:00:00 AM MIONIG..  HOMICIDE
1112502 /83 12:00.00 AM MIDNIG..  SEX ABUSE

Showing | to 12 of 35,826 entries

INTRO TO R & VISUALIZATION
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Data frames in R

Console

> # Setting up variables for data.frame
. . > first.name = c('Joe', 'Bob', 'Jill'
* Data frames are matrices with ok ( (L, . Smith') )
: ast.name = c('L1"', 'Dan', 'Sm1i :
different data types
> age = c (45, 20, 37)
* Each column is a vector of the same > # Setting up data.frame
engﬂmtypesrnaycﬂfer > df = data.frame(first.name,

> last.name, age)

* The elements of a data frame can be
numeric vectors, factor vectors, and > # Output
logical vectors > df
first.name last.name age
1 Joe L1 45

» Consist of observations (rows),

variables (columns) 2 Bob Dan 20

3 Jil1 Smith 37

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017



Combining lists into data frames

* Note that these lists must have the
same number of components

» Use function rbind (row bind) to
match the categories and combine
IStS

— When using rbind, the names of the
columns must be the same

Note: the rbind function won't work with

multiple data points within an element of a
list

INTRO TO R & VISUALIZATION

# Combining lists into a data frame o

Simpsons = 1list (husband = "Homer", wilife =
"Marge", children = TRUE,
num. kids = 3)

Belchers = 1list (husband = "Bob", wife =
"ILinda", children = TRUE,
num.kids = 3)

rbind (Simpsons, Johnsons)

Console
> rbind (Simpsons, Belchers)

children num.kids
TRUE 3
TRUE 3

husband wife
Simpsons "Homer"
"BOb (A

"Marge"

Belchers "Tinda"

DATA SOCIETY © 2017
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Data frames in R

0 | intro to R and VisualizationR ¥ | crime_incidents_2013 « - |

- Fier

v.d‘ ‘
P . ¢

A data frame ——> | cen REPORTEDDATE  REPORTEDTIME

£

includes 1| 4104147 401613 12:00:00 AM
several data SO47867 6/5/13 12:00:00 AM
types 7083463 7/8/1) 12:00:00 AM

9172197 4/811) 12:00:00 AM
9251354 22770} 12:00:00 AM
100289.. 27271} 12:00:00 AM

100335 . 1010/ ) 12:00.00 AM
101249 4/9/1) 12:00:00 AM
10101} N3 120000 AM
110455, /30 /1) 12:00:00 AM
112502 7/8/1) 12:00:00 AM

Showing | to 12 of 315,826 entries

© B v P A e N

SRERRRREEE
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Vector

Matrix

Data Frame

List

Creating data types in R

c( . . . )

matrix(data, nrows, ncols)

data.frame (data matrix)

list(element 1,...,element k)

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017

Store simple data types in a row
or column

Store multiple rows and
columns of a single data type

Work with alphanumeric and
other data types

Work with different data types
simultaneously
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* What Is data science?
» A data scientist's approach

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

Outline

— Manipulating data in R

* Visualization in R
— Basic plotting

INTRO TO R & VISUALIZATION
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DC crime

data 2013

U istro to R and Visualization. R »

INTRO TO R & VISUALIZATION

» Almost 36,000 rows, each row ™D e
represents a crime CON  REPORTEDOATE

! 4104147 404/13

] o . 2 S047867 &/5/13

Information includes date, time, 51 2083083 | 2783

offense, method, location, precinct, 4 0172197 4/8/13
etc. 9251354 2/27/1)
6 100289, 27271}
. 7 100335 100/

Always take the time to look over your =3 e g e
data - this habit will help you 9 110101 2//3
understand the information you are 10 110455, 1/30/13

working with 0112502 7/8M3

showing | to 12 of 15,826 entries

DATA SOCIETY © 2017

L crime_incidents_2013 »

REPORTEDTIME

12:00:00 AM
12:00:00 AM
12:00:00 AM
12:00:00 AM
12:00:00 AM
12:00:00 AM
12:00:00 AM
12:00:00 AM
12:00:00 AM
12:00:00 AM
12:00:00 AM

SHIFT

MONC

MONC

MONC

MONG
MONG
MONG
MONG
MONG
MONG
MONCG
MDNC

OFFENSE

HOMICIDE
SEX ABUSE
SEX ABUSE
SEX ABUISE
SEX ARUSE
SEX ARUSE
SEX ARUSE
SEX ARISK
HOMICIDE
HOMICIOE
SEX ARUSE
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Subsetting data

* You can separate out certain
columns of the data by using

a S sign

* The format is
"data set"$"name of
column”

* |f the list you are creating
nas columns of different
engths, the View ()
function will not work

— Use the head () function or
just enter the new variable you
created instead

INTRO TO R & VISUALIZATION

Denotes what data set to use
Script

crime list = list(a = crime 1ncidents 20135REPORTEDDATE,

b = crime incidents 201:SSHIEFT)

View (crime list)

head (crime list)

crime_list

'“ 7 Intro to R and Visualization.R . crime_incidents_2013

crime_list p— |
Filter
a b

1 4/16/13 MIDNIGH

2 6/5/13 MIDNIGHT

— .

Console ~ /Dropbox/

[9993] EVENING EVENING EVENING EVENING EVENING EVENING EVENING EVENING
[ reached getOption("max.print") -- omitted 25826 entries ]
Levels: DAY EVENING MIDNIGHT

DATA SOCIETY © 2017 82



Factors in R

* A factor is a unique value in a data set

* For example, if five crimes are labeled as * , ] , ,robbery’, there
would be three factors: , - and robbery

« Usethe as.factor () function to tell R to read data as a factor

Script
# Set a category of our crime data set as a factor using as.factor ()

crime categories = as.factor(crime incidents 2013SOFFENSE)
# Visualize the unique values in the OFFENSE category of the crime data set

levels (crime categories)

View (levels (crime categories))

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017



Factors in R

OOr_fo — -

widents 2013 » ‘M. - -
) C Filter A

SN W s ewN

CCUARSON", "ASSAULT
W/DANCIROUS WEAPON®,
"BURCLARY™, "MOMXIDE",
"MOTOR VEMCOLE THESFT™,
"ROGRMERY™, "SEX ABLSE",
"THEFT F/AUTO",
THLFT/OTHLR®)

ARSON

ASSALLT W/DANCEROUS WEAP

BLRCLARY

HOMWCO 0

MOTOR VEMICLE ThEFY
ROSEERY

SEX ABUSE

T™ILIT F/AUTO

Showing 1 56 B of § entries

Console

» Crime_cotegories = os.foctor{crime_incigents 20LNS0FFENSE)

> lewels(crise Cotegories)

(1] "ARSONT

{(3) "BREAMRY”
{S] "MOTOR VENICLE THEFT™

(7] “StX amstL-

» Vien(levels(crime_cotegories))

>

INTRO TO R & VISUALIZATION

TASSALLT W/DANGEROUS WEAPON™
OMICIDL”

"ROSSERY"

“THEFT PO

Cavironment  Miatory —
‘Ll o Datasess § Lists
) Clebal Exvitonment \ |
Data |
O crim_incidents 2. 3SK26 obs, of 22 voricbles -

Values |

A m [1:4) 55 -657.585
. .,

Qorime, :

D rum [1:4] 6.5 4.5 10.5 125
ed—— s el i s A olee———
Files Plots  Packages  Melp  Viewer )
G NewFolder Q Defete . Rerame ) Mores .

£ e -

= Name Sae Modfed
® . gtgnore 28 fed 22,2015, 931 AM
o R
4] RData 28 Jan 25,2015, 1115 P
&1 Reistory 610 Aug 23, 2015, 711
Lt Appications
i Deshrop
e Documems
et Dowmrmicads
wd Dropbox
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Searching for terms in your data

* The function grep () can help you check If your data set includes a given term

Script
# grep() only works on a data type called a character vector

# Recall that a vector is a single column

crime = as.character(crime incidents 2013|SMETHOD) Select the *"METHOD” column

# Create a new variable that includes the output of grep /()
gun rows = grep ("GUN", crime)

# View gun rows, this includes all the row numbers with the word "GUN"

# Recall that the View() function displays data frames so tell R that "gun rows"
# is a data frame

View (as.data.frame (gun rows))

* YOou can search the entire data set by combining all the columns into one or
searching each column individually

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017



Searching for terms in your data

* How many rows include "GUN" as the method?

> # Find the number of rows
> length (gun rows)
[1] 2156

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017

Console
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Summarizing your data

* The table () function is a convenient way to see unique categories in your
data and determine the frequency of occurrence

Script
crime summary = table(crime incidents 2013SOFFENSE)

—

Column to summarize

View (Crime summary)

O Intro to R and Visualization.R crime_incidents 2013 crime summary — |

0 observations of 2 variables

Varl Freq
1  ARSON 35
2 ASSAULT W/OANGEROUS WEAPON 23l
3  BURGLARY 5365
4 MHOMICIDE 183
5 MOTOR VEMICLE THEFT 2671
6 ROBBERY 4072
7 SEX ABUSE 298
- THEFT F/AUTO e8]
G THEFT/OTHER 12874

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017



Summarizing your data

 What if | want to see how crime Is distributed over 24 hours?

crime time = table(crime incilidents 201350OFFENSE,
crime incidents 20135SHIFT)

View (crime time)

£ Intro to R and Visualization v23.R » L crime_summary » crime_shift » —
. 27 observations of 3 variables
Varl Var2 Freq
1 ARSON DAY 190
2 ASSAULT W/DANGEROUS WEAPON DAY 501
3 BURGLARY DAY 122¢
4 HOMICIOE DAY )
5§ MOTOR VEMICLE THEFT DAY 1277
6 ROBBERY DAY 918
7 SEX ABUSE DAY 71
8 THEFT F/AUTO DAY ses4
§ THEFT/OTHER DAY 4977
10 ARSON EVENING 12
11  ASSAULT W/DANGEROUS WEAPON  EVENING 977
12 BURGLARY EVENING 1521
INTRO TO R & VISUALIZATION DATA SOCIETY © 2017/
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Sorting your data

* The order () function is a convenient way to sort your

data

— For more details of what this function can do, run the ?2o0rder command

Create new data set Data set usead Column to sort by

v /\>

{

crime order = crime incildents 2013 [order (crime incidents 2013SMETHOD,

decreasing = FALSE), ]
View (crime order)

* Note that the decreasing operator can be set to TRU:

- Or FALS.

Script

on the order you are looking for (i.e. ascending or descending)

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017
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Sorting your data

i} | Intro to R and Visualization.R » | erime_incidents_2013 » | crime_order » 1
5 ” Filter
CON REPORTEDDATE  REPORTEDTIME = SHIFT OFFENSE
10 110455... 1/31/13 12:00:00 AM MIDNIC... HOMICIDE
19 121824.. 1113 12:15:00 AM MIDNIG... ROBBERY
21 121824... 1/1/13 12:18:00 AM MIDNIGC... ROBBERY
25 121825... /113 2:29:00 AM MIDNIG... ROBBERY
28 121825... 1/1/13 3:12:00 AM MIDNIG... ASSAULT W/DANCEROUS WEAP...
32 121825.. 11113 4:23:00 AM MIDNIG... ASSAULT W/DANCEROUS WEAP...
37 121826... 1/1/13 7:30:00 AM DAY ROBBERY
67 130001... 1/113 4:45:00 PM EVENING  ROBBERY
69 130001... 1/1/13 7:00:00 PM EVENINC  ROBBERY
73 130002... /113 7:56:00 PM EVENING  BURCLARY
118 130004... 1/2/13 11:39:00 AM DAY ROBBERY

Showing 1 to 12 of 35,826 entries
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Eliminating duplicate records

* You can eliminate repetitive instances of your data using unigue ()
— Eliminates rows where every entry is the same as another row

crime no dups = unique (crime incidents 2013)
# Check how many rows are identical by looking at the dimensions of each data set
dim(crime incidents 2013)

dim(crime no dups)

# You can just compute the difference in the dimensions of the data set

dim(crime incidents 2013) - dim(crime no dups)
Console - Deskio yurse Revis
9 OWS > dim(crime_incidents_2013)
[1] 35826 22
WEere > dim(crime_no_dups)
. . [1] 35817 22
eliminated imCcrime_incidents_2013) - dim(crime_no_dups)
SO
INTRO TO R & VISUALIZATION DATA SOCIETY © 2017/
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Subsetting: real data example

9
O .

0 Intro to R and Visualization R ,-

e 8 N SV A W N-

- e s s -
H W N - D

15

=

CON
4104147
SO&7867
7083463
9172197
5251354
100289...
100335,
101249 .
110101...
110455
112502
120035
120375...
120557...
12058

. Fier

REPORTEDDATE

4/16/13
6/5/13
7/8/13
4/8/13
2/27/13
2/27/13
10/10/13
4/9/13
AELVAR
/3113
7/8/13
1/9/13
3/23/13
8/19/13
3/13/13

-

Showing | 10 15 of 35,826 entries

INTRO TO R & VISUALIZATION

AEPORTEDTIME

12:00.00 AM
12:00:00 AM
12:0000 AM
120000 AM
12:00.00 AM
12:00:00 AM
120000 AM
120000 AM
12:00.00 AM
12:00.00 AM
120000 AM
12:5900 AM
10:00:00 AM
12:00.00 AM
120000 AM

SHET

MIDNIC...
MIDNIC...
MIDNIC..

MIDNIG

MIDNIG..
MIDNIC...
MIDNIG..
MIDNIG..
MIDNIC...
MIDNIC....
MIDNIG...
MIDNIC .

DAY

MIDNIC...

MIDNIG

DATA SOCIETY © 2017

OFFENSE

HOMICIDE
SEX ABUSE
SEX ABUSE
SEX ABUSE
SEX ABUSE
SEX ABUSE
SEX ABUSE
SEX ABUSE
HOMICIDE
HOMICIDE
SEX ABUSE

o

THEFT/OTHER
THEFT/OTHER

SEX ABUSE
SEX ABUSE

METHOO
KNIFE
KNIFE
OTHERS
OTHERS
OTHERS
OTHERS
OTHERS
OTHERS
OTHERS
CUN
OTHERS
OTHERS
OTHERS
OTHERS
OTHERS

LASTMODIFIEDDATE
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
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Subsetting: selects only values you want

* VWhen working with la

portion of your data a

rge data sets, you may want to use or visualize only a

L any given time

Script
# Vector subsetting
v = ¢(10, 20, 30, 40, 50, 60) # define vour vector with 6 numbers
v [3] # select the 3rd term
v[l:4] # select the first 4 terms
v[3:6] # select the 3rd through the 6th term
vic(l, 3, 6)] # select the 1st, 3rd and 6th term
Console
30
10 20 30 40
30 40 50 60
10 30 60
60 80 100 120

INTRO TO R & VISUALIZATION
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Subsetting: selects only values you want

* \When workir
portion of yo

o with 13

rge data sets, you may want to use or visualize only a

Jr data an

# Matrix subsetting

m

= =2 B8 B B =3

N
[ —
B:\:\
I W
)
—H
=
-

= matrix(c (5, 6, 7,

INTRO TO R & VISUALIZATION

H= H H= H= H F

L any given time

Script

8), 2, 2) # define your matrix with 4 numbers in
2 rows and 2 columns

view your matrix

select the numbers 1n the 2nd row

select the numbers 1n the 1st column

select the number 1n the 1st row and 2nd column
select the first 3 terms 1n the matrix

select the #s in 1st and 2nd rows and lst and 2nd cols

tiply the first 3 terms i1in the matrix by 2

DATA SOCIETY © 2017
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Subsetting: selects only values you want

> m
[, 1] [, 2]
(1, 5 '/
[2, ] s 8
> m[2, ]
[1] 6 8
> m[, 1]
(1] 5 6
> m[1l, 2]
(1] 7
> m[1l:3]
(1] 5 6 7
> m[l:2,1:2]
[,1] [,2]
[1, ] S /
[2, ] © 8
> 2*m[1:3]
(1] 10 12 14

INTRO TO R & VISUALIZATION

# view your matrix

i

select

select

select

select

select

multiply the first 3 terms 1n the matrix by 2

the

the

the

the

the

numbers 1n the 2nd row

numbers 1n the 1st column

number 1n the 1st row and 2nd column

first 3 terms 1n the matrix

Console

#s in 1st and 2nd rows and 1lst and 2nd cols

DATA SOCIETY © 2017
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Subsetting: real data example

9
O .

0 Intro to R and Visualization R ,-

e 8 N SV A W N-

- e s s -
H W N - D

15

=

CON
4104147
SO&7867
7083463
9172197
5251354
100289...
100335,
101249 .
110101...
110455
112502
120035
120375...
120557...
12058

. Fier

REPORTEDDATE

4/16/13
6/5/13
7/8/13
4/8/13
2/27/13
2/27/13
10/10/13
4/9/13
AELVAR
/3113
7/8/13
1/9/13
3/23/13
8/19/13
3/13/13

-

Showing | 10 15 of 35,826 entries

INTRO TO R & VISUALIZATION

AEPORTEDTIME

12:00.00 AM
12:00:00 AM
12:0000 AM
120000 AM
12:00.00 AM
12:00:00 AM
120000 AM
120000 AM
12:00.00 AM
12:00.00 AM
120000 AM
12:5900 AM
10:00:00 AM
12:00.00 AM
120000 AM

SHET

MIDNIC...
MIDNIC...
MIDNIC..

MIDNIG

MIDNIG..
MIDNIC...
MIDNIG..
MIDNIG..
MIDNIC...
MIDNIC....
MIDNIG...
MIDNIC .

DAY

MIDNIC...

MIDNIG

DATA SOCIETY © 2017

OFFENSE

HOMICIDE
SEX ABUSE
SEX ABUSE
SEX ABUSE
SEX ABUSE
SEX ABUSE
SEX ABUSE
SEX ABUSE
HOMICIDE
HOMICIDE
SEX ABUSE

o

THEFT/OTHER
THEFT/OTHER

SEX ABUSE
SEX ABUSE

METHOO
KNIFE
KNIFE
OTHERS
OTHERS
OTHERS
OTHERS
OTHERS
OTHERS
OTHERS
CUN
OTHERS
OTHERS
OTHERS
OTHERS
OTHERS

LASTMODIFIEDDATE
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
6/23/14
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Subsetting: real data example

Script
# Select data from the crime data set based on time of day the crime occurred

crime time = subset (crime 1ncidents 2013, SHIEFT == "DAY")

# Or you can also use
crime time = crime 1incidents 2013 [crime incidents 2013SSHIFT == "DAY", ]

View (crime time)

# Select 1 column from the data set
crime date = subset (crime 1ncidents 2013, select = REPORTEDDATE)
View (crime date)

‘ o Ao

v . - 5 Mot INone) »

' ietro 1o R and Viswelzaton R crime_inciderss 20113 e _tere Crime_date - Envirenment  Mistery

F e - = impon Dataset « y Liste

CCwn REPOARTEDDATE REPORTIDTIME SHIFY MITHOD N Cotal towvonmert v
| 4104147 41603 12 00 00 AV MONIG OO KNIFE Dote
3 4T 1) 12 00 00 AV MONIG SEX ABUSE \ Axbomat e
_ ; ¢ ) Crime_ incidents 20 35826 obs. of 22 voriodles
] 7083461 711) 12 00 00 AM MONIG SEX ABUSE UTHERS
crime_ro_duen 35817 obs. of 27 voricdlea
4 9172197 &) 12 00 00 AM MONIG SEX ABUSE OTHERS
crime_order 15820 obs, of 22 voriables
$ 25113 22N 20000 Six )3 14 $ . 9
E 93%13%4 2 ) 12 00 00 AM MON X ABUSE OTHERS ) crime time 14858 obs. of 22 voriobles
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Subsetting: real data example

o o RSt.ao
Q

- - o Y

- A Mrojett INone) »

O | intro 1o 1 and Visselzaton R » | e R o | Crime_Sate » —— Envirenment  Mistory T

5 F e T k4 = impont Datasets : Liste
CCN REPORTEDDATE  REPORTEDTIME  SHET OFFENSE MiTHOD ) Cobal Exviconment »
1 4104147 41403 120000 AM MONIC . HOWMICDE KNIFE Dota
2 S4TET 651D 1200 00 AM MONIG  SEX ABUSE KNIFE O crime_dote 35826 obs. of 1 veriobie
] 7083461 780 12 0000 AM MONIC . SEX ABUSE onps Il © orise.incidants 20 35H6 chs. of 22 varisdles
D crime_ro_den 35817 obs. of 22 vorichles
4 0172197 & 12 00 00 AM MONIG - SEX ABUSE OTHERS || oy ime_order 3826 cbs. of 22 voricbles
$ 9251334 27272 12 0000 AM MONIC . SEX ABUSE OTHERS | & crime time 14858 obs. of 22 voriobles
L N RS0
Q.- - - & Project (Noowe) »
Y ntro to R and Vissalaaton R | crime_incidents _2013 » Critee time o _crime_date — Environment  Missory —
fiter * L] oot Dnasetr Uste
CON REPORTEDDATE  REPORTEDTIME  SHIFT  OFFENSE METHOD % Cobal [vrcament «
13 120375 V213 100000 AN QAY THEFTJOTHER OTHERS Doto
17121826 1113 7:30 00 AM DAY  ROGSERY CUN O crise dote 35626 obs. of 1 voriodle
B 12106 1003 § 30 00 AM OAY  THEFT F/AUTO oo [ 0L laciantast. DS 008, of i3 verieoies -
O crime_no_Aps SELY cbs . of 12 vericbles
0 121826 1M 751 00 AM DAY THEFT F/AUTD OTHERS O crlon avides W26 obs. of 2 vericbles
41 10000 111713 7:50 00 AM DAY ASSAULT W/DANCEROUS WEAP., OTHERS O crime tinme 14358 obs. of 22 veriobles
L N Ronsso
Qi+ &£ - L Project (Nose) «
' | inere 10 R and Visvalzmon R » _orise_incidents 2013 o Crime_time & _erime_date w1 Ueviromment History -
_ Fites * 1  *import Datasets Liste
ALPORTIDOATE D Clobal Ervvrormest «
1 &/147) Doto
7 a1l O crime_dote 55820 obs. of 1 verigble
' 27813 O orime incldents 28 35826 obs. of 22 voriables
O crime_no dos 5817 cbs, of 22 voricdles >
od Bain b O crime_order S0 obs, of 22 voriobles
> 227N O crime_time 14858 cbs. of 22 voriobles
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Subsetting: real data example

* \What If we wanted to select only robberies that happened during the day?

— When performing several operations, keep the steps separate so it's easier to check your
code

Script
# First, only select the crimes that happened during the day

crime time = subset (crime incidents 2013, SHIFT == "DAY")
# Second, select only robberies out of the new data set called "crime time"

crime time robbery = subset (crime time, OFFENSE == "ROBBERY")

View (crime time robbery)
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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

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017 100



Why build a visualization?

* To communicate your ideas
* To better understand your data
* To discover a new Insight

* Visualization is a great way to do exploratory data analysis ("EDA”)

- Age and Marriage Rates by Country DC Crime Jan 2013 - Dec 2013
36 - o ARSON HOASC IO
s - - » - \
va Al _ S, 7\ 2
34 0 --___-" > - ‘I/ \ ‘\l‘ If—\\‘\
O _.-"-_ >"” X \ ) '.‘ .
om® " - ‘ N
3 g_ . by Population i \ "‘, \ .‘
3‘\:".‘ " ! sy
% & \ \ ! | SR
2 %0- ” " N\Ed NN
< & N | i '
. - ' x, i
. >, «~ | '
Egza ] 5 <00M / "‘ ".'.//
2 PR 2 = W
2 3 ¥ Continent -
= Gy | g & A : ROBRERY SEX ADUSE
@ o : -
?2’ s ' < A b ™\ /,.\‘\ \
% . / ) // A\
S 22 N. Americ Va N
é 2 MenNcs ( . v, \‘ \l ,‘ _ \ Ly,
' > N0 /A K\ S
) S Amar \..-P\ L _—
> \ - \N i (;_5
: ‘. "l‘, -
Source: United Nations / /4 ({77
16r" , . ' ' . ' s . —y
16 8 24 26 28 0 32 34 36 L ONGITUDE
Average Age of Mamage - Female LONGITUOS
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Exploratory data analysis

* RIs a powerful tool for EDA because the graphics tie in with the functions used
to analyze data

* You can create graphs without breaking your train of thought as you explore
vour data

* Visualization Is an iterative process y

1. Analyze ‘

2. Manipulate |
3. Grapnh -
4. Repeat ‘ I

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017 102




What can you ultimately do

» The key to visualization in R is understanding how G
. ] (NS ) {5
your data maps to the image you are creating ‘3«,. j
S W
— How R Interprets your data i i e e | s 4
. . : g Pl ) 7 &
* Visualization types RIS ~ R0 N A8
— Maps L Ne

— Dynamic visualizations

— Web based & interactive
— 3D
— Composite graphs made of many different elements ...

« Repeatable (no need to ever re-create a graph, just
‘e-use the commands you already typed out)

» Use ??visualization to see other examples
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Visualization in R

* R comes with basic plotting functionality

* More advanced visualizations are done through packages
— ggplotZ

— ggpalrs

— ggnaps

— rgl

— googleVis

— lattice

05
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Basic scatter plot

* x, y - coordinates
 xlab, vylab, main - graph labels
* 1lwd - size of dot / line

N«

* col - colors, “red”, "blue”, “green’,...

# Suppose we want to plot y =
X = seq(1:10)
vy = x™2 + 5

plot(x, v,
lwd = 10,
col = "red",
main = "y = x*2 + 5")

INTRO TO R & VISUALIZATION

100

Script
X2 + 5

60

20

y=x"2+5

10

DATA SOCIETY © 2017
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Basic line plot

* x, vy - coordinates
* xlab, vlab, main - graph labels
* 1lwd - size of dot / line

* type - line, points or both
— "1" - Iine
— "pb" - |line and dots

* col - colors, “red”, "blue”, “green’,... 2

y=x"2+5

100

Script

60

# Suppose we want to plot v = x*2 + 5
X = seq(1:10)
vy = x™2 + 5
plot(x, v,
xlab = "x
ylab = "y",
Y

40

20

main = "

lwd = 3, 2 4 8 8 10
type = W W,

col = "red")
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Basic bar plot

* height - value of each bar
 xlab, vylab, main - graph labels
* names.arqg - labels to add to the x axis

N«

* col - colors, “red”, "blue”, “green’,...

# Suppose we want to plot 10 random

# numbers using the formula y = x"2 + 5

X = seq(1:10)
vy = x™2 + 5
barplot (height = vy,

width = 1,

Xxlab = "x",

ylab = "y",

main = "Random numbers",
names.arg = X,

col = "red")

INTRO TO R & VISUALIZATION

Script

Random numbers

8-«
-
g.
) ll
_ -I.
1 2 J 4 5 O T - ) 10

DATA SOCIETY © 2017
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Basic histogram

* col - colors, “red”, "blue”, “green’,...
Histogram of Count_Data

4 J

 xlab, vylab, main - graph labels
 labels - labels on top of the columns

* breaks - allows you to specify a custom number
of groupings

# Let's plot a histogram of a SequenceSCrIpt
of numbers g"
Count Data = c¢(1, 1, 1, 1, 1, g'm
2y
3, 3, 3, 3, o %
4, 4, 4,
S, O, O, O, O, O, 2) -
hist (Count Data,
col = "blue", e . . ' | . .
labels = TRUE, 0 ' e 3 4 5 t

breaks = 2) .
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Functions for basic graphs

Line chart
Bar chart
Histogram
Boxplot
Density plot
Pie chart
Scatter plot
Heat map

INTRO TO R & VISUALIZATION
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plot()
barplot ()
hist ()
boxplot ()
density ()
pie()
plot ()

image ()
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Grammar of graphics: ggplot2

* R comes with basic plotting functionality

-

-~

»

»

- More advanced visualizations done through | ALPHABET R
packages: ggplot?2 Raball e e

* gogplot 2 allows the user to create flexible
visualizations by combining many elements
iINnto a single image
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« Communicate a visual story flexibly

Why ggplot?2

» Explore your data efficiently

and efficiently

* Laver raw, S
contextual ¢

Jmmarized and

ata

— Demonstrate relationships

¢ Rep
easl

‘oduce and extend your work

)4
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ombine basic plots for enhanced effect

MG ADON B0 e Undad States by Source Region (1820-2006) i - Slowly-growing, lower-skilled industries have
g . worse employment cutcomes
, L
s Peclerdage of mirhets wih 3 DAchety Sogree o hgher
.3 o AP T
? &N o .
! =] X
) e - — 4
& » o —_
:-E‘ g ° § Ay
. - _— ] ] prog 2 O T o Mamg p
i - dem e g “ Lot
: g | o 2 d
> e «% : e
t _.--..L_._-———-- ° . b/ - ; . ond Wi 45
; ’ 0 3 :'-r- ; s »
5 H . - 3 o oo P
Z .y - =
e S = o
i‘ . e - ; : , , :
e ¢ 1 0 1 2 3
Rs S g § g 3 § § ?- g' 8 g g g g - § g § . . ' Median quarterty growth rate in empleoyment, 2001 - 2012
B2iFRcIRRGERlINRRERG 6 4 2 0 2 4

Bar plot Histogram Scattérplot Bubble plot

o a2
Economic history of China and other major powers Non-Asian anclent
Share of workd GOP civilzmtions
100% {Gre, Egp, Tur, iran) 0.04
China
0.02
. India
L pean)
Japan -
- G o<

Russia
20"""’1

0.00

United Kindom
France

-0.02
United States

1000 1500 1600 1700 1820 1850 1870 1200 1613 1940 1880 1960 1570 1880 189680 2000 2008
Sowrce: "Setsics on Work! Pooubiton, GO and Per Caols GOP, 1-2008 A", Angus Maddson, Uniwnity of Gronngen

Area plot Time series

-0.04

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017 ? 112



ggplot2: building a graph

INTRO TO R & VISUALIZATION

/ Age and Marriage Rates by Country \

o © .

/ Age and Marriage Rates by Country \
o © 2 1 ]

Source: United Nations

! | | { ! [ | 1 ! [ 1 1 |} I 1 1 |}
20 25 30 22 24 26 28 30 32 34 22 24 26 28 30 32 34
Female Average Age of Marriage - Female Average Age of Marriage - Female

1. Specify data 4. Adjust vis. effects /. Customize theme

5. Adjust axes 8. Layer statistics

6. Adjust legend

2. Link data to visuals

3. Assign shapes 9. Overlay text

DATA SOCIETY © 2017
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Reading in data and loading library

Script
# Install ggplot?2

install.packages ("ggplot2")

# Loading the library ggplot?2
library (ggplot?2)

# Learning what ggplot2 can do
library (help = ggplot?2)

# Reading in files, windows uses the C:/ directory, Mac uses the ~/ directory
setwd ("path to files")
US GDP = read.csv ("US GDP.csv")

# View the file
View (US GDP)

e Help: http://docs.ggplot2.org/current/

INTRO TO R & VISUALIZATION DATA SOCIETY © 2017 114



« U.S. GDP by year in $USD billions

» U.S. GDP growth rate by year in
percentages

* Years: 1980 - 2014

* Source: U.S. Federal Reserve

INTRO TO R & VISUALIZATION

U.S. GDP data set

intro 1o R and Ysualizazon R

Year

1980

1981

1983
1584
15985
15815
1987
1988
1989
1990

1991
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Filter

US _CDP_BN

‘o'.l.oﬂ
SOR0

hlJ4

US COP

COP Crowth PC
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Basic scatter plot

Script
ggplot (US GDP,

aes (x = Year,
y = US GDP BN)) +
geom point ()

* aes - tells R how to map / assign the data

* geom point () - tells R to use points to display
the data

US_GDP_BN

Year
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Basic line plot

Script
ggplot (US GDP,

aes (x = Year,
y = US GDP BN)) +
geom line ()

* aes - tells R how to map / assign the data

* geom line () - tells R to use a line to display the
data

US GDP BN

Year
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Scatter plot + line plot

Script
ggplot (US GDP,

aes (x = Year,
y = US GDP BN)) +
geom line() +

geom point ()

US_GDP BN

* geom line () - tells R to use a line to display the
data

* geom point () - tells R to use points to display
the data

Year

There are now 2 layers on the grapn!
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Basic histogram

ggplot (US GDP, aes(x = GDP_Growth_PC))SJCrrIpt
geom bar () ,
* aes - note that we're only including x-axis values |
 geom bar () - tells R to use bars to represent the
data . |
* When given numeric data, the default setting of
geom bar () is to bin (put data into groups) the
data and plot the number of instances each bin I I I I I I
OCCUrs -- a histogram

GDP_Growth PC

count

A histogram shows the freqguency of occurrence of each value on the x-axis.
This is a great way to see how often U.S. GDP grows at various rates.
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Basic bar plot

Script
ggplot (US GDP,

aes (x = Year,
y = GDP Growth PC)) +
geom bar(stat = "identity")

» geom bar () - tells R to use bars to represent the 1
data
» The default setting of geom bar () plots the I

GDP Growth PC

number of instances of a particular value on the x-
axIs
* To use the data to determine bar height, we need

to tell R to use the "identity'" statistic (stat =
"identity")

Year

Percentage changes are usually best expressed with bars or area grapns,
which are less likely to mislead your audience compared to a line grapn
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ggplot (US GDP, aes(x =

geom point ()

* The size argument tells R to interpret the
GDP Growth PC column as a third variable related to

y:
size

the size of the data markers

* geom point () - tells R to use points to represent

the data

Bubble plot

Script

Year,

Us

GDP BN,
GDP Growth PC)) +

US GDP BN

GDP_Growth _PC

A bubble plot allows you to plot a 3rd variable on a 2D grapn

INTRO TO R & VISUALIZATION
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Colored bubble plot

Script °
ggplot (US GDP, aes(x = Year, o

y = US GDP BN, 15000- -

@ ra GDP_Growth PC
|

size = GDP Growth PC,
color = GDP Growth PC)) +

geom point ()

US_GDP BN

* The color argument tells R to interpret the
GDP Growth PC column as a third variable
distinguished by color

* geom point () - tells R to use points to represent the
data

The prior graph was harder to read because the points were so close In size.
Adjusting the color makes the chart more legible.
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Additional R resources

[
1. http://www.statmethods.net THE
ART OF R
PROGCGRAMMING
2. http://ggplot2.org

3. https://plot.ly/r/

g o T
4. www.r-bloggers.com f: /|

5. cran.r-project.org/

6. The Art of R Programming by Norman Matloft
\\ | |
R Graphics
Cookbook

/. R for Everyone by Jared P. Lander

8. R Graphics Cookbook by Winston Chang
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Additional data science resources

3.
INTRO TO R & VISUALIZATION

Doing Data Science by Cathy O'Neil & Rachel Schutt

Data Science for Business by Foster Provost & Tom Fawcett

Data Smart by John W. Foreman

Mining the Social Web by Matthew A. Russell

Predictive Analytics by Eric Siegel

Analyzing the Analyzers by Harlan Harris,

Sean Murphy and Marck Vaisman

www.datasciencecentral.com

WwwWWw.kdnuggets.com

Analyzing
the Analyzers

Science

O'REILLY

Domg Data | '

Data Science

Jor Business

What You Need to Know
About Data Mining and
Data-Analytic Thinking

DATA MINING FALEBDOR, TWITTER, LINxE Dy
GOOGLE+, GITHUB, AND MOR

Matthew A. Russell

DATA SOCIETY © 2017

~ PREDWIN(‘,'TIVE

ANALYTICS

THE POWER TO PREDICT WHO WILL
CLICK, BUY, LIE, OR DIE

ERIC_SIEGEL
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INTRO TO R & VISUALIZATION

Don't stop here!

Continue your learning with us at datasociety.co! Learn how to:

Automate data cleaning processes

Build beautifu

-ind new patterns anc
Predict trer

Analyze networks and fir
Prioritize and organize thousanc

Classify new data points to predict be

And much more!
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