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Introduction to R

R basics
• Arithmetic
• Objects and structures 
• Importing and exporting data
• Installing packages
• Getting help 

Basic statistics with R
• Descriptive statistics & graphics 
• Statistical tests 
• Linear regression



What’s R?

• R is a language and environment for statistical computing



R and Rstudio

Rstudio (http://www.rstudio.com/)

http://www.rstudio.com/)
http://www.rstudio.com/)


Why R

R pros
• Free (as in free beer and as in free speech)
• Versatile, flexible, powerful
• Based on command-lines: reproducible 

R cons
• Based on command-lines: not user friendly 
• (Still) slightly cumbersome with big data 



What can R do?-- Importing and  
Manipulating data

Importing data.
• Basic text files. (read.table).
• Excel files. ( read.xls in the gdata package).
• Several other formats (see library(foreign)) 

Manipulating data.
• Indexing and subsetting.
• Merging and Reshaping.



What can R do?-- Data analysis

Basic statistical data analysis

Advanced statistical data analysis

Cutting edge statistical data analysis: researchers 
often contribute with R extension packages (which 
can be installed for free using function 
install.packages or from the menu)



What can R do? -- Visualization



R programming: preliminaries
Install: http://www.r-project.org/
Manual: https://cran.r-project.org/manuals.html

Quit: q();

Getting help
• help(‘plot’)
• ?plot
• Lots on the web (ask Google)

• Comments: # symbol (useful in text files with your commands to 
reproduce an analysis) 

• Extended functionalities in libraries. Some come with the vanilla 
installation (e.g., library(MASS)) 

http://www.r-project.org/


Basic Interaction with R

• Command prompt ‘>’ indicates where to type
• Enter to execute what you wrote
• Esc to break gibberish 
• Workspace: temporary memory which can be saved in working directory
• Note: CaSE sEnSitiVe!  



R programming

Variable: information in an object, give it a name (can not 
start with number or special character)

Variables are case sensitive, so “A” are “a” are two  
different variables.

Assignment: <- and =
• A <- 3; a <- 4; X.1 <- 9

• Everything stays in a workspace which can be saved on 
the current directory

• To list the workspace, ls()

• To erase everything, rm(list=ls())



Arithmetic operators

Addition: +, Subtraction: -
Division: /, Multiplication: *
Exponentiation: ^, exp 
function

Using R as a calculator:
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Function calls

Syntax: functionName(arg1, arg2)
(args(functionName) or help(functionName)) 

Arguments can be specified by position or by name, while
name overrides position.

> log(x=16,base=2)
[1] 4
> log(16,2)
[1] 4
> log(2,16)
[1] 0.25
> log(base=2,x=16)
[1] 4



Data type
Three major data types: numeric, character, and
logical.

• # numeric variables
• X<-3.1

• # character variables
• X<-"Male"

• # Logical variables
• X<-TRUE; Y<-FALSE



Data structure: vector, matrix and array

Vector: an ordered collection of data.
• x<-c(3.1,4.2,5.6); y<-c("F","M","F”); z<-c(T,F,T,F,T)
• c(…) is a function to concatenate its arguments end  

to end.
Matrix: two-dimensional generalizations of vectors
Array: multi-dimensional generalizations of vectors



Data structure: data frame

Data frames are matrix-like structures.
The columns in data frame can be of different data types.
Generate a new data frame

Convert a matrix to a data frame



lData Structures in R

Linear Rectangular

All Same 
Type

VECTORS MATRIX

Mixed LIST DATA 
FRAME



Importing data

Importing: 

l Can import from any format 

l Read.table(“file.txt”,header=TRUE,sep=”,”) (txt or csv file might need some 
manipulation first)

l library(foreign); read.spss(“file.sav”,to.data.frame=TRUE)

l library(gdata); read.xls(“file.xls”) 



Indexing and selecting

Indexing: appending an index  
vector in square brackets to  
the name of a vector, matrix or  
data frame.

The index vector can be a  
numeric vector or a character  
vector. Can also use $ 
followed by name of column. 



Deleting
Deleting: using negative subscripts



Loops

Syntax:
for(variable in sequence) {  

statements
}



Loops

Avoid ‘for’ looping and use “apply” instead if possible.



The “apply” family of functions
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Conditional execution

Comparison Operators
equal: ==  not equal:
!=  greater: >  less 
than: <
greater or equal: >=  
less than or equal:<=

Logical Operators
and: &  or: |  not: !



Conditional execution

Syntax:
if (condition) {  

statement
} else {  

alternative
}



User-defined functions

Syntax to define a function:
myfunction <- function(arg1, arg2, ...) {  

function_body}
Syntax to call a function:
myfunction(arg1=..., arg2=...)



Package installation

Install packages from CRAN network

• install.packages(“Qtools”)

• List functions in a package: 
library(help=packageName) 



Reading and writing
?read.table
?write.table



Basic Statistical Analysis



Visualization: Parallel boxplots



T-test
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A t-test (and ANOVA) is a linear regression
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Data summary



Data visualization

plot(Hwt ~ Bwt, data=cats)
The tilde (~) operator is used to specify that Hwt is described by  

Bwt.



Linear model
Express the relationship as formula: Hwt ~ Bwt
• It reads: Hwt predicted by Bwt, or Hwt as a function of  
Bwt
.• Variable on the left side: dependent variable. Variable on
the right side: independent variable.

Implement in R:
• Mylm <- lm(Hwt ~ Bwt, data=cats)
• summary(mylm)



Linear regression results



Cheat sheet 

• sum(vector), cusum(vector), min(vector), max(vector)
• length(vector), dim(matrix)
• names(dataFrame)
• is.na(vector), na.omit(matrix), levels(factor) ( can be

assigned, class(factor) must be factor)
• sort(vector), order(vector), seq(,by), rep(,each) 
• Distributions: norm, unif, pois, binom, etc.; must use r, d,

p, q for random generation, pmf/pdf, cdf, quantile
• quantile(vector) 
• Plot, lines, points
• Barplot, hist, boxplot, table, prop.table mean, var,

median, cor, cov
• Chisq.test, t.test, cor.test, lm



Final warnings

• You are working with a computer, so there might occur 
underflow and overflow (try exp(1000))

• Solution: work on a log scale
• Note: to compute log(a+b) from log(a) and log(b) 

Without.exponentiating, there is function sumlog in
library(snipEM)

• Arithmetic is not exact (try .3/3 == 0.1)
• Missing values are treated differently by different

functions
• na.omit() is your friend (usually), some functions have

na.rm = TRUE option


