
R base



Keyboard symbols
. : colon

; semicolon   

~ tilde

& ampersand

- dash

_ underscore

\  backslash
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R basic rules
. 

• R is case sensitive

• R starts counting from one

• formula notation:   y ~ x1 + x2
• [ ] is used for subsetting 

• ( ) for the arguments of an R function
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R basic rules
. 

• The command line is shown as  “>”

• A “+” substitutes “>” if a command in incomplete

• Assignments are defined using ← or  =

• # is used for comments

•Missing values are shown as NA

• Impossible numbers as NAN

• Infinity is displayed as Inf
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R data structures
. 

• vector

• matrix

• array

• table

• dataframe

• list
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R data types
. 

• logical (TRUE, FALSE)

• numeric

• integer

• character (strings)

• factor (categorical variable)

• date
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R objects
. 

• data structures

• commands

• functions

• models

• data sets

• library objects
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Dataframes

Variables are stored in columns 
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R observations in a dataframe
. 

observations
are
stored
in
rows
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R identifiers in a dataframe
. 

    colnames( )

rownames( )
or 
index
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R variables in a dataframe
. categorical vars        numerical vars       categorical vars
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R data visualization 
. 

• line plot

• bar plot

• scatterplot

• histogram

• boxplot
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. 

Example 1 – Cars93
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Library MASS - Cars93 
. 

14

A dataset with 93 cars and 27 cols.



The structure function str( ) 
. 

15

27 columns



dim( ), nrow( ), and head( ) functions
. 

.
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displays first six rows



The combine function c( ) 
. 

• useful to create a vector

 c(1,3,4.5)      gives   [1]  1  3  4.5

• all elements in a vector must be of same type

 c(1,3,”a”)      gives    [1]  “1” “3”  “a”

• to store vector in memory

 x = c(1,3,4.5)      

• Vectors can be used for subsetting dataframes
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. 

Subsetting
selecting a portion of a dataset
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Subsetting (querying) dataframes 
. 

• columns 2,4, and 9 (all rows)

 d1[c(2,4,9)]

• rows 1 to 9 (all columns)

 d1[c(1:9),]

• both

 d1[c(1:9),c(2,4,9)]
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Selecting columns of a dataframe
. 
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Selecting columns of a dataframe
. 
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Selecting a row

Not specifying columns, selects all columns
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Selecting rows and columns of a dataframe

.
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Selecting columns 
. 

24

R function subset

using the $ operator



Selecting rows by condition 
. 
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Selecting rows by condition 
. 
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Selecting rows by condition 
. 
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Selecting rows by condition – function subset( )
. 
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Selecting rows by condition – function subset
. 
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Selecting rows – multiple conditions
. 
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. 

Summary Table
numeric and categorical columns
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Summary Table – categorical and numeric cols.
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Summary Table – categorical and numeric cols.

Summary of categorical columns ≠ Summary of numerical columns
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. 

Cross tabulation
number of rows by category

category = level
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Cross tabulation
. 

• Tables for counting rows in each category

• R functions

 summary()

 table( )

 prop.table( )

 xtabs( )

 ftable( )
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Counting by categories
. 

One categorical variable

• table( )               

• prop.table(table(  )) 

Two categorical vars

• xtabs( )

• ftable( )
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Cross tabulation – one factor (DriveTrain)
. 
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Cross tabulation – 2 factors (AirBags, DriveTrain)
. 
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Cross tabulation – 2 factors (AirBags, DriveTrain)
. 
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row totals



Cross tabulation – 2 factors (AirBags, DriveTrain)
. 

40

table data structure



Cross tabulation – 2 factors    (table formats)
. 

41

long table format
(convert table to 
       a dataframe)



Cross tabulation – 2 factors    (table formats)
. 

42

long table format
(convert table to 
       a dataframe)

short table format



Cross tabulation – 2 factors    (table formats)
. 
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long table format
(convert table to 
       a dataframe)

short table format



Cross tabulation – 3 factors
. 
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↵

short table format



Cross tabulation – formula format
. 
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xtabs data structure



Cross tabulation – formula format
. 
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Cross tabulation – more than one factor
. 

47

long table format
(converting xtabs 
   to a dataframe)



Cross tabulation – proportions
. 
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1
1
1
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. 

Pivot Tables
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Pivot Tables
. R functions

• apply( )

• tapply( )

• aggregate( )
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Applying a function to numeric columns
. 

• function apply( )  

 apply(d1,2,mean) 
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to find the mean of each column



Applying a function to numeric columns
. 

• function apply( )  

 apply(d1,2,mean) 

• use 1 to apply the function by rows 
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Applying a function to numeric columns
. 

• function apply( )  

 apply(d1,2,mean) 

• use 1 to apply the function by rows

• won’t work       apply(d1,2, mean – 3.5)

• will do  apply(d1,2, function(x) mean(x) – 3.5)
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Pivot table – tapply()

To find a summary measure of a numeric column 
classified by the levels of a factor
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summary
measure numeric factor



Pivot table – tapply()

To find a summary measure of a numeric column 
classified by the levels of a factor
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measure

factor
summary
measure numeric



To find a summary measure of a numeric column 
classified by the levels of a factor

• This is a pivot table using one factor (DriveTrain)
• The result is not a dataframe

Pivot table – tapply()

56



Pivot table – two factors
. 
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factor 1  factor 2
summary
measure numeric



Pivot table – two factors
. 
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factor 1  factor 2
summary
measure numeric



Pivot table – two factors
. 
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Pivot table – one factor



aggregate( ) to get Pivot Table as a dataframe
. 

60

summary
measure  numeric columns     factor

Average  (Price, Weight and Length) of cars by DriveTrain



aggregate( ) to get Pivot Table as a dataframe
. 
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Average  (Price, Weight and Length) of cars by DriveTrain
)   must use the

formula syntax



aggregate( ) to get Pivot Table as a dataframe
. 
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summary
measure  numeric columns     factor

Average  (Price, Weight and Length) of cars by DriveTrain

to avoid getting errors
if NA values exist



aggregate( ) to get Pivot Table as a dataframe
. 
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summary
measure  numeric columns           two factors

Average  (Price, Weight and Length) of cars by DriveTrain and AirBags



. 

Split numeric columns 
from factor columns
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Function sapply( )
. 

Applies a function to a dataframe

sapply(dataframe, function)
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Example with a simplified dataframe
. 
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Example – dataframe with numeric columns only
. 
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Example – dataframe with factor columns only
. 
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Find levels from factor columns
. 
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. 

Sorting
by columns
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Sorting – one column
. 

71



Sorting – one column
. 
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Sorting – one column
. 
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. 

Example 2 – Auto dataset
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Example 2 – Auto dataset
A dataset of 392 cars with 9 numeric variables
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?Auto



Example 2 – Auto dataset
.
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Example 2 – Auto dataset
Analyze these variables by performing the following 

• Show a summary of all columns

• Describe mpg 

• (1) by n. of cylinders (2) overall (3) by Origin

• Investigate the relation of horsepower and weight 

• (1) by Origin and (2) overall

• Investigate the relation among all variables with 

• (1) scatterplots (2) correlation values

• Show the distribution of mpg over the years
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Example 2 – Auto dataset
Analyze these variables by performing the following 

• Show a summary of all columns
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Example 2 – Auto dataset
Analyze these variables by performing the following 

• Show a summary of all columns
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categorical

categorical



Example 2 – Auto dataset
Convert some variables to categorical (factors)
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Example 2 – Auto dataset
Convert some variables to categorical (factors)

• Show a summary of all columns
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Example 2 – Auto dataset
• Describe mpg (1) by n. of cylinders (2) overall (3) by Origin

82

here cylinders is numeric

This is a scatterplot of
two numerical variables



Example 2 – Auto dataset
.
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y   ~ x,     dataframe



Example 2 – Auto dataset
.
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mpg decreases with 
number of cylinders



Example 2 – Auto dataset - outliers
.
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Example 2 – Auto dataset
.
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origin



Auto dataset – list of outliers

.

87

← row numbers
are saved in object 
“a” as shown here
←



Example 2 – Absolute frequency histogram
• Describe mpg (1) by n. of cylinders (2) overall (3) by Origin
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Histogram structure
. 

89

split interval (5,50) into 9 subintervals of width 5



Get the frequency table from a histogram
. 

90

m = 100



Histograms display the values from a frequency table
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Histograms display the values from a frequency table
. 
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Histograms display the values from a frequency table
. 
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Histogram shapes
. 
.
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3 Types of Histograms
. 

• Absolute frequency

• Relative frequency

• Density histogram
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Example 2 – Absolute frequency histogram
. 

96

Ab
so

lu
te



Example 2 – Absolute frequency histogram
. 

97

Ab
so

lu
te

66

91

76

3

73

50

25

7
1



Example 2 – Relative frequency histogram
.
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0.16837

To get a relative freq histogram
modify the histogram counts:

0.23214

0.19388 0.18622

0.12755

0.06377

0.01785
0.002550.00765
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Example 2 – Relative frequency histogram
.
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R
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iv

e

0.16837

To get a relative freq histogram
modify the histogram counts:

0.23214

0.19388 0.18622

0.12755

0.06377

0.01785
0.002550.00765

but the area of this histogram is equal to 5



Example 2 – Density histogram
.

100

0.23214 / 5 
= 0.04643

0.19388 / 5 
= 0.03877

0.16837 / 5 
= 0.03367

0.00765 / 5 
= 0.00153

the area of this 
histogram 
is equal to 1



Example 2 – Auto dataset
The relation of horsepower and weight (1) overall (2) by Origin
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point characters



Example 2 – Auto dataset
The relation of horsepower and weight (1) overall
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point characters



Auto dataset
The relation of 
horsepower and weight 
(2) by Origin
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Auto dataset
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Auto dataset
add a legend

105

• Japanese 
cars with the 
least weight

• European 
cars with less 
weight than 
Americans



Example 2 – Auto dataset
. 

106

add regression line to estimate the 
linear relation between horsepower 
and weight



Example 2 – Auto dataset
. 
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add regression line to estimate the 
linear relation between horsepower 
and weight

On average 
horsepower 
increases by 
0.0391 
for each 
additional 
pound



Example 2 – Auto dataset
. 
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Example 2 – Auto dataset

.
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Example 2 – Auto dataset

.

110

105.34



Example 2 – Auto dataset

.
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max(res)

vector with 392 residuals



Example 2 – Auto dataset

.
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weight



Example 2 – Auto dataset
The relation among all variables with (1) scatterplots 

(2) correlation values
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Example 2 – Auto dataset
. 
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Example 2 – Auto dataset
. 
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not
related

non
linearly
related

linearly
related



Example 2 – Auto dataset
. 

116

only 
US cars
non
linearly
related



Example 2 – Auto dataset
The relation among all variables with (2) correlations

117

ignore factors: cylinders, year and origin



Example 2 – Auto dataset
The distribution of mpg over the years
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year is a factor



Example 2 – Auto dataset
The distribution of mpg shifts up over the years
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Box-and-whisker plot (boxplot)

• Graphical display showing key values of a variable distribution 
• Key values: Center, spread, symmetry, and outliers
• Useful for comparing same variable on different categories
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