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A Basic Introduction to R
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Introduction to R
R is a software and language where users can process statistical analysis. The prompt window (image
below) is the main interface that you will be using to input data.

File Edit View Misc Packages Windows Help

=] a| =[] o
| R R Console EI@

-

R version 2.15.2 (2012-10-26) -- "Trick or Treat"

Copyright (C) 2012 The R Foundation for Statistical Computing
ISBN 3-900051-07-0

Platform: x86_ &64-wé4-mingw32/x64 (64-bit)

R iz free zoftware and comes with ABSCLUTELY MO WARRANTY.
You are welcome to redistribute it under certain conditions.
Workspace /

Iype 'license()' or 'licence()}' for distribution details.
Prompt Window —

Natural language support but running in an English locale

R is a collaborative project with many contributors.

IType '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 'g()' to guit R.

[Previously saved workspace restored]

> @ > Indicates that the program is awaiting a command
+ Indicates that you did not finish the last command

4 T |

IR RGui (64-bit)

File Edit View Misc Packages Windows Help

Open Script HEEIREE =
Load Script Stop Current Computation
Copy & Paste




Familiarizing yourself with R

Setting the Working Directory
Setting the working directory will allow you to save items to the folder of your choosing without having to later browse
forit. You can set your working directory by:

1) Using your mouse, select File > Change dir...
2) Typing in the command:
> setwd (“type in the path name”)

> getwd ("C )/ ee——— _

JE™)

Please note that in windows you would use a / (forward slash) rather than a \ (backslash) when specifying the path

name.

Saving the Workspace Image
By saving your workspace image you are saving all the objects contained within it, not the commands that you have
previously run.

You can save your workspace in a few ways.

1) Using your mouse, select File > Save Workspace...

2) Typing in the command
> ga?e.inage[]

You can name your saved workspace image by changing the name in the command. Be sure to include the .RData file
extension.

> Zave.image ("new_name.RData")

3) By quitting R. The program will ask if you would like to save your workspace image. Here you have the option of
saving, not saving, or cancelling the action.

Loading the Workspace

You can load your workspace by:

1) Using your mouse, select File > Load Workspace...

2) Typing in the command
> }Dad[“:ew_:ane.ijata“]

Saving and Loading History
By saving your history you are saving all the commands that you have entered into R.

You can save and load your history by:

1) Using your mouse, select File > Save History... or File > Load History...
2) Typing in the command

> savehistory("new_name.Rhistory") or

> loadhistory("new name.Bhistory")



Importing Data
Often there are sample data sets or data packages available that can be imported into R for viewing. You can import a
data package from software such as Excel, Minitab, and SPSS.

Excel

For this examples let assume the Excel data package is called dpackage and that the data contained within the package
is called thedata and the new file we are creating is called mydata.

Step 1 — import the data package > library(dpackage)
Step 2 — loading the data from the package > mydata <- read.xls(*“thedata™)

Minitab File

If the data is in a Minitab Worksheet it can be read with the foreign package that is in the core R library. In this example
let assume that the minitab data file is called mtabdata and the new file we are creating is called mydata.

Step 1 —import the data package > library (foreign)
Step 2 — load the data > mydata <- read.mtp(“‘mtabdata.mtp’)
SPSS File

If the data is in a SPSS format it can be read with the foreign package that is in the core R library. In this example let
assume that the SPSS data file is called SPSSdata and the new file we are creating is called mydata.

Step 1 — import the data package > library (foreign)
Step 2 — load the data > mydata <- read.spss(“SPSSdata.spss”™)
Quitting R

To quit R use the command = 2!} or* @31t () You can also use the drop down menu File > Exit.

Basic Operations
In R you are able to process simple arithmetic and comparisons.

Arithmetic Comparison

addition + less than <
Subtraction - greater than >
multiplication * less than or equal to <=
division / greater than or equal to >=
power 2 Is equal ==
modulo %% Is different 1=
Integer division %/%



Examples:

=1 + 3

[1] 4 <€ 1plus3equals4

> 3%4+5

(1] 17 € 3 multiplied by 4 plus 5 is equal to 17

; e .

[1; ; <€ 2to the power of 3 is equal to 8
Tl;{;RUE <€ 3is less than 5

TS}EMSE € 4 s greater than 9

> B==23 € 6isequal to 13

[1] FALSE

Assigning Objects

In R you are able to assign variables to an object. For instance, perhaps you have completed a computation in which you
would like to preserve the answer. You can do this by assigning it to a letter or word. You do this by using the
assignment operator <- (the less-than symbol followed by a hyphen).

For example:

€ We assigned $14.34 to the object ‘expenses’

1%

> eXxpenses <- 14.3

> earnings <-26.9% &= \\e assigned $26.99 to the object ‘earnings’

‘profit’ was assigned the value of
earnings minus expenses

> profit <- earnings - expenses h

Tips when Assigning Objects
1. Objects are case sensitive.
O OFF and off and Off are three different objects.
2. Objects must begin with a letter.

3. Objects can be more than one word. You can join words by use of a period.

> profits.earned <- earnings - expenses



4. To verify an object has been assigned correctly, type the name of the object and hit enter

14

> expenses <- 1
> eXpenses

.34

[1] 14.3¢4 €= ‘expenses’ are 14.34

> earnings <-26.985

> earnings

[1] 26.00 <€ ‘earnings’ are 26.99

> profit <- earnings - expenses

> profic

(1] 12.65 € ‘profit’ is the result of expenses minus earnings $12.65

5. DO NOT assign the letters ¢, q, and t as objects. They are built-in commands in R and will likely cause issues
down the road.

6. If an object is already defined you will replace its value if you define it again.

‘earnings’ were 26.99 and are now 25.99

> earnings<-25.99
> earnings > earnings
[1] 2&.99 [1] 25.9%9

NOTE: If you change the value of an object any computations you run with the original DO NOT change
automatically. You will need to rerun those objects.

‘profit’ remains 12.65 until rerun. Now profit is 11.65

> profit <- earnings - expenses
> profit > profitc
[1] 12.&5 [1] 11.&5

Commands / Functions

A command (or function) is recognized as such when a set of parentheses follow it. This lets R know that it is supposed
to run the function. If you do not include the parentheses following a command R will provide you with the code for
that function.

For Example:

The command = ! prompts the

Save workspace image window to open.




The command © < prompts the code for that function to appear.

g |

function (save = "default", status = 0, runLast = TRUE)
JInternal (quit (save, status, runlLast))

<bytecode: 0x00000000110belss>

<environment: namespace:base>

Basic R functions

Is() Lists the variables in the work space
help (name) Provides help about the name
For example > help (Is) returns a help guide on the function Is()
rm(object) Removes the object from the work space
rm(list=Is()) Removes all objects from the work space
al) Quit R

Vector or List

Creating a New List
Any basic objects can be a vector. A vector is an object that is a sequence or numbers or a list (as it is often referred to

as). You can create a vector by using the > = (¥ :%] function.

For Example:

> new.list <- c(1:3) @ The object new.list now contains the number 1 through 5
> new.list
(11 1 2 3 4 5

v new.list +5 — Here we see the results of added 5 to the values contained
[1-]- . 5__7 &8 9 10 within new.list

Functions (List related)

Function

c(#:#) Combine values into Vector or List

length() Will return the length of the vector (list)

sum() Will return the sum of values in the parenthesis

max() Will return the maximum value defined in the parenthesis
min() Will return the minimum value defined in the parenthesis
mean() Will return the mean of the object defined

median() Will return the median of the object defined

seq(#, 4, #) Will generate a sequence defined by starting number, end number, and desired sequence




Examples:

new.list

3

=

[1] 1 2 3 4 5

> length (new.li=at)
[1] &

> sum({new.liat)
[1] 1%

> sum(3, 4,

[1] 42

=Fr

> max(new.list)
[11 =

> max(3,1,9,
[1] 24

> min(new.li=st)
[1] 1

> min(8,2,4,65,2)
[1]

4

> mean (new.list)
[11 3

> median(new.list)
[11 =

> zedq(4)

[1] 1 2 3 4

> =zeql2,10)
[1] 3

P 4 5 &

(4]

> zeqg(2,l

r2)
[1] 2 4 &

Z o

(5]

10

> zed|
[1] 2.

)

2,5,0.5
0 2.5 3

> new.seq <- seql2,
> new.seq
[1] 4

2 =3

(=]

& 10

«—

«—

2)

<«

The length of new.list is 5 (l.e. there are 5 numbers
contained within the object new.list)

The sum of those 5 numbers in new.list equals 15

The sum of the numbers 3,4,5,6,7,8,9 equals 42

4,3,24,5)

«—

«—

<«

<€

The maximum number in new.list is 5

The maximum number in the sequence is 24

The minimum value in new.list is 1

The minimum value in the sequence is 2

<«

<€

The mean of new.list is 3

The median of new.list is 3

T

Creates a sequence of 1 through 4

Creates a sequence of 2 through 10

<€

12,

1z

Creates a sequence of 2 through 10 by 2

.0 3.5 4.0 4.5 5.0 e

2]

Creates a sequence of 2 through 5 by 0.5

€

Creates a new object called new.seq which contains the
numbers 2,4,6,8,10,12




Strings

A string is a sequence to letters and symbols defined by quotes (either single or double). A string can contain letters or
characters and contain spaces.

For Example:
> new.atring<-'hello mom' > new.2tring<-"How are you today?!
> new.string > new.string
[1] "hello mom™ [1] "How are vou today?™
Matrices

Matrices refer to a numeric combination of rows and columns. Matrix is often used when the all the data contained the

table is the same (i.e. all numeric). One method to creating a matrix involves using ~ chbind() op » #Rindl) qpe

function = SE1740) s ysed to combine objects into columns. The function > =hindllis ysed to combine objects

. . - . > matrixic(),nro
into rows. Another way of creating a matrix is using the (e
you can create a matrix with a defined number of rows and columns.

W BEOL) gunction. With this function

Combining Row and Columns
The first step in creating a matrix is creating an object.

> % <- c©(3,5,6,2,14) €= Creates an object called x which contains the values 3, 5, 6, 8, 14

>y <- C©(5,7,11,15,18) <G

Creates an object called y which contains the values 5, 7, 11, 15, 18

> table.bv.columns <- chind(x,v) @ .
' Creates a matrix called table.by.columns by

> table.by.columns combining x and y
Xy

[1,] 3 5

2,1 5 7

[3,] & 11

[4,]1 & 15

[2,] 14 18

By using the already created object x and y (see cbind()), we can create a matrix by rows.

> table.by.rows <- rbind(x,v) €= Creates a matrix called table.by.rows by combining x

andy

> table.by.rows

[,11 [,21 [,3]1 [,4]1 [,5]
x 3 5 & g 14
¥ 5 T 11 15 1z




Creating a Matrix
By using the matrix() function you can create a matrix with a number of defined rows or columns.
Note: The number of rows and or columns must be divisible.

Examples:

> new.matrix.3x2

> new.matrix.3x2

(.11 [.2]
(1,1 1 6
(2,1 2 5
[3,1 3 4

> new.matrix.2x3

> new.matrix.2x3

<- matrix(c(l,2,3,6,5,49),3)

\ Creates a matrix called new.matrix.3x2 by combining the numbers

<- matrix(c(l,2,3,6,5,4),,3)

(.11 [.2] [,3]

[1,1] 1 3

(2,1 2 &

5
4

1,2,3,6,5,4. The number 3 at the end defines the number of

rows we want the matrix to have. We have not included column
information)

Creates a matrix called new.matrix.2x3 by combining the numbers
1,2,3,6,5,4. The number 3 at the end defines the number of
columns we want the matrix to have. Note that we left the
number of rows blank

Other things you can do with a matrix:

You can:

- Extract rows, columns or numbers

- Exclude rows, columns, or numbers
- Add, subtract, multiply, divide matrices together

Dataframe

A data frame is a type of table expressed by rows and columns composing of various data types (i.e. strings and

numeric). To create a data frame the 7 Gata.Ixam= () fynction can be used.

Example:

Step 1: Create an Object

» Animals <- c("Cat"™, "Dog", "Sheep™, "Beluga™, "Cat", "Donkevy™, "Horse™)

Step 2: Create new objects (as defined columns) based on the original Object

» Location <- c("Chio™, "Florida™, "Florida™, "California™, "Montreal"®™,

"Montreal™, "Cntario™)

> Age <-c(3,6,1,8,4,3,7)



Step 3: Combine the objects to create a new data frame

> Bio <- data.frame (Animal=s, Location, Age)
> Bio
Enimals= Location Age
Cat Chio Creates a table called Bio by combining
Dog Florida the objects “Animals”, “Location”, and
Sheep Florida

IIAgell.

Beluga California
Cat Montreal
Donkey Montreal
Horse Cnmtario

=1 o N L R
=1 L Wb 0O L

Viewing your data

As you already have seen you can view the data contained within an object by typing its name and pressing enter. If you

had a very long list you can view just the first few rows of data by using the = =22 () command and you can see last
> taill)

few rows by using the command.
head()
> head(Bio)
Animals Location Age
1 Cat Chio 3
2 . Dog FlDI:_LdE 6 e _"_Eq?.dl_:'_:l, 3) _ By adding a ’3 you can limit
3 Sheep Florida 1 Animals Location Age . .
4 Beluga California &8 1 Cat Onic 3 the view to the first 3 rows
5 Cat  Montreal 4 2 Dog Florida @& in the data frame.
& Donkey HMontreal 3 3 Sheep Florida 1
tail()
> tail (Bio)
Animals Location Lge
2 Dog Florida & E
3 Sheep Florida 1 > tail (Bio, 3) . 3 ..
4 Beluga California i Inimal=s Location Lge Byadc“nga' youcanl”nn
5 Cat  Montreal 4 5 Cat Montreal 4 the view to the last 3 rows in
6 Donkey Montreal 3 6 Donkey Montreal 3 the data frame.
7 Horse Cntario T 7 Horse Ontario T
names()

By using the > T2M== (] fynction you can view the variable heading in the table.

> names (Bio)
[1] "Animals" "Location™ "hoge"

You can also change a variable name using the names() function.

> names (Bio) [1] = "Animal Type" €= The [1] indicates that we want to change
the name of the first variable in the table.

> names (Bio)
[1] "Animal Type"™ "Location" "Rge™

10



Fixing (changing) Data

You can fix your data by using the ~ 220} command. When you use this command the Data Editor will open and an
editable table will appear that you can change, remove and add to.

Please note that when you add a String column you will not be able to view the summary of this.

>
. p
. [ Data Editor
7 Animals |Location Age vard .
” — In the Data Editor you can
- 1 |Cat Chio 3 ) .
N 2 |Dog orida e €———— add new variables by simply
> 3 |Sheep |Florida |1 clicking and typing.
i 4 |Beluga California|8
> fix(Bio) 5 |cat Montreal |4 When you’re done simply
6 |Donkey |Montreal |3 close the Data Editor.
- 7 |Horse Cmtario 7
IR Data Editor
Animals |Location Age Destinati>|Cost
1 |Cat Chio 3 Michigan 540
2 | Dog Florida & Kentucky 12395
3 | Sheep Florida 1 Cntario 200
4 |EBeluga Californial|g Florida 6327
5 [Cat Montreal 4 FEI 520
& |Donkey Montreal 3 Chio T20
7 |Horse Cntario 7 Cntario 2300
=]
> Bio
Animals Location Age Destination Cost
1 Cat Chio 3 Michigan 540
2 Dog Florida & Kentucky 1295
3 Sheep Florida 1 Cntarioc 800
4 Beluga California 8 Florida &527
5 Cat Montreal 4 FEI 520
& Donkevy Montreal 3 Chic 750
7 Horse Cmtario 7 Cmtario 2300

11



Getting a Summary of your Data

You can get a simple summary of your data frame by using the ~ S"™2ZY [} command.
> summary (Bio)

Animals Location Age Deatination Cos=st
Beluga:1l California:l Min. :1.000 Length:7 Min. : 520
Cat 12 Florida 12 1=t Qm.:3.000 Cla=ss :character 1=t Om.: 645
Dog :1 Montreal 12 Median :4.000 Mode rcharacter Median : B0O0
Donkey:1 Chio :1 Mean 14,571 Mean 11819
Horse :1 Cntario :1 3rd Qu.:6.500 3rd Qm.:1798
Sheep :1 Max. t8.000 Max. 16527

Please note that if you added a String column when using the fix() command you will not be able to view the
summary of this. To fix this you much create a new object and add it to the data frame.

> Destination <- c{"Michigan"™, "Eentucky"™, "Ontario", "Florida™, "PEI", "0Ohio"™, "Ontario™)
> Cost <- c|(540, 1295, 800, €547, 520, 750, 2300)

> Bio <- data.frame (Animals, Location, Age, Destination, Cost)

> summary (Bio)

Animals Location Lge Destination Co=t
Beluga:1l California:l Min. :1.000 Florida :1 Min. : 520
cCat 2 Florida HP 1=t Qu.:3.000 Eentucky:1 1st Qu.: 645
Dog Hul Montreal HP Median :4.000 Michigan:1 Median : 800
Donkew:1 Chio :1 HMean 14,571 Chio :1 HMean 11822
Horse :1 Cntario :1 3rd Qu.:6.500 Cntario :2 3rd Qu.:1798
Sheep :1 Ma=. 18.000 PEI :1 HMax. 16547

Above we created the Destination and Cost objects and overwrote the Bio data frame to include the new columns.

To summarize individual variables within a table, use the summary() function accompanied with a $ followed by the
Variable that you would like summarized.

<€ Bio — Name of data table
> summary (BiofhAge) s
Min. 1=t Qu. HMedian Mean 3rd Qu. HMax. A Vari .
—Variable t mmariz
1.000 3.000 4.000 4.571 &.500 8.000 g€ ariable to su arize




Viewing your Data
You can limit your view of your data to rows or columns.

Rows
> Bioll:2,] <€ ] . Show rows 1 to 4 in from the
Animal Type Location Age Destination Cost .
1 Cat Chio 3 Michigan 540 Bio data table.
2 Dog Florida & Kentucky 1295
3 Sheep Florida 1 Cntarioc 800
4 Beluga California 8 Florida 6547
> Bio[1,] € .
fnimal Type Location Age Destination Cost Show row 1 from the Bio
1 Cat Chio 3 Michigan 540 data table.
Columns
= > Bio[,4]
[1] Michigan EKentucky Ontarico Florida PEI Chio Cmtario
Note how Level=s: Florida Kentucky Michigan Chio Omtarioc PET
there are
various ways > Bio[,"Destination"]
to view - [1] Michigan Eentucky Cntaric Florida PEI Chio Cntario
g Levels: Florida Eentucky Michigan Chioc Cntario PEI
specific
variables. e . .
> BiofDestination
[1] Michigan Eentucky Ontario Florida PEI Chio Cntario
- Le?els: Florida EKentucky Michigan Chic Ontario PEI

In the above example, we are asking that from the data table Bio show column 4. The Levels:

responses within that respective column.

indicate all possible

— . mioriis engen Show row 1 to 5 from the column
Bio[l:5,"Ag ] .
Note how (11 3 6 1 8 4 <€ variable Age
there are
various ways > Bio[l:5,3]
L < o
to view 11 36183 € Show row 1 to 5 from column 3
specific e T T
K > Bioshge[l:4
variables. [1] 36 1 8 <€ From the variable Age within the Bio
data table, show rows 1 through 4

13



Plotting your Data

You can view your data as a chart or as a graph using the = EL2% [} function. Typically the plot function will most
often plot an x-y scatterplot, but if the x variable is categorical (i.e., a set of names) R will automatically plot a
box-and-whisker plot.

Below we have plotted the variables Animals and Age from the table Bio.

> plot (BiofAnimals) > plot (BiofAge)

§ |

Betgs ©nl Doy Dockey Hone  Sheep

| A -

Animal names plotted on the x- Animal age on the y-axis and
axis and count on the y-axis animal index number on the x-axis

> Bio
Animal Type Location Age Destinmation Cost

1 Cat Chio 3 Michigan 540

2 Dog Florida & Fentucky 1285

3 Sheep Florida 1 Cntario 800

4 Beluga California 8 Florida &547

5 Cat Montreal 4 FEI 520

& Donkey Montreal 3 Chio 750

7 Hor=ze Cntario 7 Cntario 2300

> plot (BiofAnimal, Biofhge)

Here we have plotted Animal by Age

v : Notice that Cat is in a box. There are 2 cats
aged 3 and 4. The centre line signifies the
average cat age and the box outlines the
oldest and youngest age




> plot (BiofaAnimal, xlab="Animal Type™, Biozhge, vlab="Animal Age"™, main="Animals for S5ale")

Animals for Sale

A <€
~ - Here we have plotted
Animal by Age and added

N 7 x-axis and y-axis labels
< w o
£ L xlab — labels the x-axis
[
< ylab — labels the y-axis

“ 7 main — titles the graph

o~

T I I I I I I

Beluga Cat Dog Donkey Horse Sheep
Animal Type
Adding Lines to a Plot

You can add lines to a graph by using the = 21102 fynction.

T o

The command = ©2:272 [l will open all 657 different colours available. Line Types available include: 1 (solid),

2 (dashed), 3 (dotted), 4 (dash-dot), 5 (larger dash), 6 (dash-smaller dash).

» abline (h=mean (Bio%Age), col="blue™, lty="dashed")

Animals for Sale

T <€
~ e Abline — adds a line to a plot.

Y h —adds to y coordinate
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T v —adds to x coordinate

s 7 col —identifies the colour of the line
© o Ity — identifies the line type

T T T T T T
Beluga  Cat Dog Donkey Horse Sheep

Animal Type

15



Adding a Legend to a Plot
You can add a legend to your graph by using the > =222 fynction. Legend locations include "bottom", "bottomleft",
"left", "topleft", "top", "topright", "right" and, "center".

» legend("topright™, legend="Average Age"™, ltyv="dashed", col="blue™)
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legend — adds a legend to your graph

° “ col —identifies the colour of the line
§ © Ity — identifies the line type
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Comprehensive Function List

Basic Functions

Is()

help (name)

rm(object)
rm(list=Is())
al)

c(#:#)

Lists the variables in the work space
Provides help about the name
For example > help (Is) returns a help guide on the function Is()
Removes the object from the work space
Removes all objects from the work space
Quit R
Combine values into Vector or List

List Related Functions

length()
sum()
max()
min()
mean()
median()
seq(#, #, #)

Matrices

c()

cbind()

rbind()
matrix(c(),nrows,ncols)
Data Frames
data.frame()
head()

tail()

name()

fix()

summary()

Plotting
plot()

abline()

Will return the length of the vector (list)

Will return the sum of values in the parenthesis

Will return the maximum value defined in the parenthesis
Will return the minimum value defined in the parenthesis
Will return the mean of the object defined

Will return the median of the object defined

Will generate a sequence defined by starting number, end number, and desired

sequence

A generic function which combines its arguments

Combines objects into columns

Combines objects into rows

Creates a matrix with a defines number of columns and rows

Creates a data frame with various types of data

Allows you to view the first rows of data in the data frame
Allows you to view the last rows of data in the data frame
Outputs the variable headings in a table

Opens the Data Editor where you can edit you data table
Outputs a summary of all the variables in the data table

Will most often plot an x-y scatterplot, but if the x variable is categorical (i.e., a set

of names) R will automatically plot a box-and-whisker plot.
xlab — labels the x-axis
ylab — labels the y-axis
main — Titles the graph
Adds a line to the plot
h — adds to y coordinate
v — adds to x coordinate
col — identifies the colour of the line
Ity — identifies the line type
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