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Part I: Why R?



What do YOU know about R and
why do you want to learn it?




R for historians

secular_colleges_before_1812<-early collegesik>%
filter(established < 1812)%>»%

mutate(is_secular=ifelse(sponsorship!="Secular”, "no", "yes"))
ggplot(secular_colleges_before_1812) +

geom_bar(aes(x=1s_secular, fill=is_secular))+
labs(x="Is the college secular?")

is_secular

0=

no

yv.les
Is the college secular?
Number of secular and non-secular colleges before War of 1812

https://programminghistorian.org/lessons/data_wrangling_and_management_in_R



https://programminghistorian.org/lessons/data_wrangling_and_management_in_R

R for scientists

Wilcoxon signed-rank test example Simple 1-to-1 plot of values
A oo plot(batataugust, Datainovember,
### wilcoxon signed-rank test, poplar example, p. 189 pch = 1%|
FEE oo x1ab="August",
Inl]mt - i w1ab="November™)
Clone August  Movember . " "
Ba'lsam_gp‘ire 8? 11. 72 -El.b]'lr'lE(O_.l. col="bTue . 1'|‘JE1=.2:|
Beaupre 10.0 16.3
Hazendans 16.5 15.3
HoOGVOr st 13.6 15.6 ]
Rasga]je 9.5 10.5 .
Una 8.3 15.5 1
Columbia_river 18.3 12.7
Fritzi_Pauley 13.3 11.1 o |
Trichobel 7.9 19.9 I
Gaver 8.1 20.4 2
Gibecq 8.9 14.2 £ !
Primo 12.6 12.7 T
wolterson 13.4 36.8 >
" (=] ﬁ - =*
=
Data = read.table(textConnection(Input) ,header=TRUE) | .
.
wilcox. test(Datalaugust,
Datasnovember, S | *
—

paired=TRUE)

wilcoxon signed rank test 8

vV = 14, p-value = 0.03979

August

### Matches "Signed Rank™ p-value in SAS output

https://rcompanion.org/rcompanion/d_10.html
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R for soclal scientists

> data(igitems)
> ig.keys <- c(4,4,4, 6,6,3,4,4, 5, 2,2,4, 3,2,86,7)
> scores <— score.multiple.choice(iqg.keys,igitems, score=TRUE, short=FALSE)
> #note that for speed we can just do this on simple item counts rather than IRT based scores.
> op <- par(mfrow=c(2,2)) #set this to see the output for multiple items
> irt.responses(scoresiscores, igitems(1:4],breaks=11)
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R for text mining

Just for kicks, what are the most common waords in these novels of H.G. Wells?

tidy_hgwells %»%
count{word, sort = TRUE)

## # A tibble: 11,769 x 2
== word n
== <chr®> <int>»
## 1 time 454
## 2 people 382
## 3 door 268
## 4 heard 249
## 5 black 232
## 6 stood 229
## 7 white 222
## 8 hand 218
## 9 kemp 213
## 1@ eyes 218

## # ... with 11,759 more rows

http://tidytextmining.com/tidytext.html
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Reasons to use R

AFree and opersource

AUserc r eat ed oOpackagesd avail
for an endless number of things you can do in R

AHighly customizable graphing capabilities

AL ots of free documentation and tutorials available
on the web

ANo programming experience necessary

APackages do a | ot of the T
you



Part II: Why code?



What is pointing and clicking?

Clicking, dragging, and using buttons and
specified text boxes In usefriendly applications
to do things

E ’ Coding Excerpt ~ lI = "Q (e WL Chart - Analyze Graphs Utilities Exensions Window Help
#5, Coding by Users ~ «| Rich Text M v Compare With y
- Coding  Highlight Query This | Word Reports » oy @ ~.
=5 Coding Information ~ Stripes + - - Node » Cloud %, Explore Diagram 4 vl Bz @ & A
View Coding Quen sualize Node Descriptive Statistics » ’ =
Nodes < | Look for - Search In + | Nodes Find Now Clear Advanced Find | Compare Means 3
4 10 Nodes Nodes General Linear Model b | B univariate...
Autocoded Responses + Name Sources . . -
Generalized Linear Models P T
Autocoded Social Media o Attitude 0 - E Muttivariate..
c : Mixed Models »
4 16 Cases | Balance 6 = Repeated Measures..
People _) Community change 18 Correlate ’ Variance Components
Places 5@ Economy 25 Regression » —
+ Relationships T . P
Node Matrices _) Agriculture ) Loglinear
#@-(J) Fishing or aquaculture 19 Classify '
) Jobs and cost of living 16 Dimension Redudion b
) Tourism . 8l
Scale »
Infrastructure n
MNonparametric Tests »
Forecasting »
Survival L
Insert Design Layout References Mailings Review  View  Zotero Multiple Response »
= .. o— o— p— Simulation...
0 BookmanOld~|20 ~ A A Aa~ A Z=-:iz=-'3 & s
Quality Control b
Paste B I U 2 M .ay . A .
- v abe X; X Ay T Ml P
. ~ Format Painter = 2 - — ROC Curve...
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Drawbacks of pointing and
clicking

ADoes not usually involve an automatic way to
keep track of all of your steps

AThe things you can do are limited by the number
of buttons available
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Example: Microsoft Word, 2

ATroubles with this situation:

AWor dds capabilities are
A Lots of rearranging to do (human effort)

A No buttons available through Word that can automatically put
paragraphs in the order you want

ANo way to document all these steps while ensuring
100% accuracy
A Might be some ambiguity with English language
A What if you had to hand this task over to someone else?



What Is coding?

AThe process of writing out a list of instructions for
a computer to read, interpret, and do

@] LearnR.R
T [source on Save | G
1 ery line that starts wi
2 ments are notes you c t your code is doing
3 knows not to interpret
4
5
a , header=TrUE, sep=",")
8 # preview dataset
9 )
10
11
12
13
14
15 wview(mydata)
16
17 # Descriptive statistics
18 summary(mydata$gender)
19
20 # Crosstabulation
21 table(mydata$pclass, mydataigender)
22
23 - plot
24 , mydataifare)
25

26 # Make a bar graph
27 plot(mydatajgender)

28

29 # Open up GGPLOTZ p

30 # (To install, use the install.packages() function): install.packages("ggplot2™)
31 Tibrary(ggplot2)

32

33 # using ggplot2's gplot()

34 gplot(gender, data=mydata)

35

36 gplot(pclass, fill=gender, data=mydata)

37

38 # Run a two-way ANOVA test

39 tt.anova <- aov(fare - pclass + gender, data-mydata )
40  summary(TT.anova)

41

42  coefficients(tt.anova)



Pointing and clicking vs. coding

AWhen you use point and click applications:
AYou are limited by the number of buttons available
AThere is no innate way to keep track of your steps

while minimizing error

AWhen you use code:

AThe possibilities of what you can do are endless!

A By nature of coding, you must keep track of everything
you do and save these steps for future use



Benefits of using code

AReproducibility
ADocument all of your steps
A Share your process with other people

ASpecificity

ADo certain things you cand¢
clicking alone



Part lll: R &RStudio

https://rstudio.cloud/project/2677136



RStudio: www.rstudio.com

t ~ R /Projects/R_Workshop - RStudio

File Edit Code View Plots Session Build Debug Tools Help

=0l

Q- & -

=v
[

Console ~/R/Projects/R_Workshop/

Type ‘demo()’ for some demos,
Type 'q()’ to quit R.

> |

R Console

R version 3.1.1 (2014-07-10) -- "sock it to me"
Copyright (C) 2014 The R Foundation for sStatisti[= RGui (64-bit)

platform: xB6_64-wbd-mingw32,/x64 (64-bit)

Type "license()’ or '"licence()' for distributior

= Environment  History  Git

=3 | Import Dataset= ’ Clear
& = ¥

|
File Edit View Misc Packages Windows Help

R is free software and comes with ABSOLUTELY NO A IFE " . .
. - . .= By 3 =]
You are welcome to redistribute it under certair \_HE_"El \El\il . .

K] R_Workshop ~

=0
List~

=10 x|

| R Console

R i5 a collaborative project with many contribut
Type 'contributors()’ for more information and
"citation()' on how to cite R or R packages 1in |

R wversion 3.1.1 (2014-07-10) —-- "Sock it to Me"
Copyright (C) 2014 The R Foundation for Statistical Computing
"help()' for on-1i Platform: X86_64-w64-mingw32/x64 (64-bit)

"help.start{)' for an HTML browser interface to

R is free software and comes with ABSCLUTELY NC WARRARNTY.
You are welcome to redistribute it under certain conditions.
Type 'license()}' or '"licence(}' for distribution details.

Hatural language support but running in an English locale

R i= a collaborative project with many contributors.
Type 'contributors()' for more information and
'citation()"' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
'help.=tart()' for an HTML browser interface to help.
Iype 'g()' to guit R.

> |




R and RStudio

AR is a programming language for statisticians

AUses code to allow you to efficiently reshape datasets,
perform statistical tests, and create graphics

ARStudio is anintegrated development
environment(IDE) for R

ATranslates some R commands into poifnd-click
features

AProvides a usefriendly visual interface in which to
code



Console

prompt
waiting for more
[#] element number

A 3+ 2 {ENTER}
A3 - {ENTER}2

A3==2
A3=2

A 1:100

A

AUse theup arrow to bring back
a previous statement.



Script Files

AType3d605 nto your R scrip
separated by a line break exactly as it looks like
below

2] Untitled1*

AR DSnurcennSaue Q A - ~ = Run %% | ¥ Source -
5-3

ol B

5+3

41 [Tap Level) R Script



Running Script

AHi ghl ight the first
button

137 Untitled1*

& [ ]sourceonsave | & - ~| : B9 | Source -

1 b2
2
3 543
4

H [Top Level) R Script



Console Output

AExamine the out put
ADo t he sadme for 0

Console

e L R S

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type '"Ticense()' or '"licence()' for distribution details.

R is a collaborative project with many contributors.
Type 'contributors()" for more information and
‘citation()’ on how to cite R or R packages in publications.

Type 'demo()’ for some demos, "help()’ for on-Tline help, or
"help.start()® for an HTML browser interface to help.
Type 'g()' to quit R.

=
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Script files (.R)

AScript files are how you save the R code you want
to recreate later

B file.R
[]5ource onSave | O # - - ~#% Run | %% | | Source -
1 our code goes here
2
3 # Highlight the block you want to run, then press
4 # "Run" button
5
6
& |



RStudio Sections

£ rstudio - |0 x|

Fie Edit Code View Plots Session Buid Debug Profie Tools Help

Q- - H B g2 | Addins - ] project: [None) =
4)4- Untitled1* Environment = History
A1 [ [ sourceonsave | G A+ : . ~#PRun | %% ¥ Source ~ # [ | _#Import Dataset - 3 List =

1 myweightkc <- 70 Global Environment =

2 myHeightM <- 1.8

3 myBMI <- (myweightka/myHeightM) myHeightMm Data

4 mvName <- 'John smith’ mvhata R nhs. nf 5 variahles ;|

5 n

Al
6

Dat Environment
| Scri [ History

R ummuins novupsas vy nuws un o -
chind {base} R Documentation
61 (Top Level) R Script
Console Combine R Objects by Rows or Columns
R version 3.3.1 (2016-06-21) -- "Bug in Your Hair" = I

Copyright (C) 2016 The R Foundation for Statistical Computing
Platform: x86_64-wed-mingw32/x64 (64-bit)

u

]
R is fre r
You are
Type "1 |
R is5 ac .
Type ‘cc B
‘citatic ;
Type 'de !
"help.start()  for an HTML browser interface to help.
Type 'g()" to quit R. ;

mywWeightkG <- 70

>

> myHeightM <- 1.8 (generalized) vectors or matrices. These can be given as named arguments.
>

>

myBUL < (mywei ghtKG.-‘l"l:ryHe‘i ghw) /myreighty Other ® objects may be coerced as appropriate, or 34 methods may be used:

myName <- “I1ohn smith”




Functions & ODbjects



Concepts: the things you code

AObjects NOUNS)

AThethings you work with in R, i.e. datasets and
statistical analysis information

AFunctions {/ERBS)
ATheactions you perform in R, usually on objects



11 11
R" you Ready? A\ >
~d
R's Fundamental Concepts are used in Excel:
:SUI\/(A:L, A2) A3 v A :s;ﬂml,nz,
UseFunctionsin the format: name() : A
2 2
=SUM A2:B10) 3 6

Referto values fromcells, columns, ortables

=COUNTIFA2:A50, ">5")
Give inputs throughArguments separated bycommas



Functions In R

read.table( , TRUEsep=",")
& V. A A J
Y Y Y Y
Function Positional Named Named
Argument Argument Argument

AJust like in Excel, functions are indicated by their
name, followed by parentheses (see text in red)

AArguments are still references to objects and
descriptors that provide information to the
function

AArguments without an equals sign must always be in
the same spot whenever the function is called



Exercise: objects & functions

AAdd the following to your R script and run each
line:

@7 Untitled1*

71| | [ ]sourceonsave | Q £ | g + == Run | b= | % Source -
5-3

5+3
pbjecti =- 7

7 object2 =- B

[Tl ] ehown o pa B

sum{objectl, object2)

51 [Top Level) R Script



Exercise: objects & functions, 2

AExamine the output and

Environment  History
T [ | f*Import Dataset ~ | ¥ List -

Global Environment -

values

|

objectl
object2 B

Console

R is a collaborative project with many contributors.
Type "contributors()’ for more information and
‘citation()’ on how to cite R or R packages in publications.

Type 'demo()’ for some demos, "help()' for on-Tine help, or
"help.start()" for an HTML browser interface to help.

Type 'q()" to guit R.

= 5-3

[1]

> 5-

+ 3

[1] 2

= 5-3

[1] 2

> objectl =- 7
> object2 =- 8
> sum{objectl, object2)
[1] 15

= |



"R R Console

R wversion 3.4.1 (2017-06-30) —- "S5ingle Candle"

Copyright (C) 2017 The R Foundation for Statistical Computing

Platform: i386-wE6d4-mingw32,/i386 (32-bit)

R iz free software and comes with ABSCLUTELY N0 WARRLNTY.

You are welcome to redistribute it under certain conditions.

Type "license()" or "licencel()' for distribution details.

Hatural language support but running in an English locale

R i=s a collaborative project with many contributors.
Iype 'contributors()' for more information and

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

Iype '"demo() ' for some demos, "help()" for on-line help, or
'help.start() " for an HIML browser interface to help.
Iype "dgi()" to guit K.

TT

myWVariable <- 5
|

=
=




tudio

€ Rstudio — O %
File Edit Code View Plots Session  Build Debug Profile Tools Help
l-l- B2 = B5| ~| Addins - &) project: (None) -
37 Untitled1 - ] Environment = History - ]
&1 | | [sourceonSave | Q # ~| E|| ~ [=®Run | [*® | [ #Source ~| = 4 [ | [#*Import Dataset = | 3 List =

B I 7} Global Environment -

L [Top Level} = R Seript =
T = Files Plots Packages Help Viewer =
Ol Install | @) Update
R version 3.4.1 (2017-06-30) —- 'I'S'lng'le Cand'!e"l . e Description T
Copyright (C) 2017 The R Foundation for Statistical Computing
platform: x86_64-w64-mingw32,/x64 (64-bit) User Library "
. \ [ abind Combine Multidimensional Arrays 1.4-53
R is free software and comes with ABSOLUTELY NO WARRANTY. : : .
You are welcome to redistribute it under certain conditions. [0 acepack ACE and AVAS for Selecting Multiple 141
Type 'license()’ or 'licence()’ for distribution details. Regression Transformations
1 acs Download, Manipulate, and Present 211
R is a collaborative project with many contributors. American Community Survey and
Type 'contributors()’ for more information and Decennial Data from the US Census
"citation()’ on how to cite R or R packages in publications. [] assertthat Easy Pre and Post Assertions 0.2.0
Type 'demo()’ for some demos, 'help()’ for on-line help, or [ backports Reimplementations of Functions 110
“help.start()’ for an HTML browser interface to help. Introduced Since R-3.0.0
pe "'g()" to guit R. [ basebdenc Tools for basebd encoding 0.1-3
> myvariable <- 5 1 BH Boost C++ Header Files 1.65.0-1
[ bindr Parametrized Active Bindings 0.1
[ bindrcpp An 'Repp’ Interface to Active Bindings 0.2
[ bit A class for vectors of 1-bit booleans 1.1-12
O bited A 53 Class for Vectors of 84bit Integers 0.9-7
[ bitops Bitwise Operations 1.0-6
[ blob A Simple 53 Class for Representing 1.1.0

Vectors of Binary Data ('BLOBS") w




What you do In R

Usi ng codeé
1. Create objects (onouns

objectl =- 7 object2 <- 8

2. Use functions (overbso)
sum(objectl, objectz’

3.Add arguments (oadver b:c
needed



|dentifying functions

AKeep an eye out for the parentheses and comma
separated arguments

help()

library(  ggplot2 )

read.table  (datafile , header=TRUE, sep="," )

read.table  ( datafile ,
header=TRUE ,

sep="" )

ggplot ( mydata , age, fare ))+ geom point ( color =
survived )



Using Packages

1) Install = -
Click "Install" P53 Install | @ Updiate | (&

or
install.packages (" name")

2) Load
Click the checkboX ——s¢

or
library( name )

alternatively

require( name )

A JO00 o o o

O O 0E E

Mame Description Pl....
ggplotd An Implementation of the 0.0 -
Grammar of Graphics
gitdr Provides Access to Git .13.1
Repositories
gridExtra Miscellaneous Functions for 0.0
"Gnd" Graphics
gtable Arrange grobs
gtools Various R Prog InSta’"ed
haven Import 5P55, Stata and 5AS5
Files
" = Loaded |
Hmisc > >
htmlto Tools for HTML
htmlwidgets HTML Widgets for R
httpuv HTTP and Web5ocket Server
Library
httr Tools for Working with URLs W




Part IV: Working with
Data In R



What is a CSV file?

ACSV stands sfeprar@acemdma al
APreferred format for working with data in R
ACan be opened in Excel

AWhy CSV over Excel format?
A.XLSX files can cause problems in R



, WO 00~ Oy BN =

CSV: Excel vs. text editor

ID

B

level
123 low
124 low
125 low
126 low
127 high
128 high
129 high
130 high

C
gender
male
male
female
female
male
male
female
female

D
count

18

15

17

12

13

16

10

14

=3

| [ TR O i Y = P

1D, level, gender, count
123, low,male, 18

124, 1low,male, 15

125, 1low, female, 17
126, 1low, female, 12
127,high,male, 13

128, high,male, 16
12%,high, female, 10
130,high, female, 14



Import Dataset

1. In the Files Tab, LEFT click traatafile, and choose
| mport Dat as.e ;'

@ scriptR | View File

RTet M Import Dataset.l}

nameOfDataFile.csv

titanic.cse

' Clicklmportat the bottom

3. Allow any installs

4., Look for the data in a tab on the upper left



