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Overview

e Data frames 1n base R
o Alternatives to data frames
e tidyverse packages
e Working with tabular data
e Data input and output

e Summary statistics



Rectangular Data




Tidy Data

 Tidy data is a specific subset of rectangular data, where:
= Each variable is in a column
= Each observation is in a row

= Each value 1s in a cell

variables observations

R for Data Science
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https://r4ds.hadley.nz/data-tidy#sec-tidy-data

Data Frames

Data frame is one of the object types available in base R.

Despite their matrix-like appearance, data frames are lists of equal-sized vectors.

Data frames can be created with data.frame() function with named vectors as input.

df <- data.frame(
= 1:4,
y = C("a”, lle, ”C", lldll)’
= c(TRUE, FALSE, FALSE, TRUE)

Y A
a TRUE
b FALSE
c FALSE
d TRUE

A WODNBRE
H OWN R X
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Data Frame: Example

‘ # str() function applied to data frame is useful in determining variable types
str(df)

'data.frame': 4 obs. of 3 variables:
$ x: int 12 3 4

$ y: Chr llall Ilbll IICII "dll

$ z: logi TRUE FALSE FALSE TRUE

# dim() function behaves similar to matrix, showing N rows and N columns, respectively
dim(df)

[1] 4 3

# Note that nrow() function is just a convenient wrapper for dim()[1L]
nrow

function (x)

dim(x)[1L]

<bytecode: 0x63f4860a5688>
<environment: namespace:base>

‘ # Same with ncol() which is a wrapper for dim()[2L]
ncol

function (x)

dim(x)[2L]

<bytecode: 0x63f4857d2d70>
<environment: namespace:base>

# In contrast to matrix length() of data frame displays the length of underlying list
length(df)

[1] 3
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Working with
Data Frames




Creating Data Frame: Example

1l <- list(x = 1:5, y = letters[1:5], z = rep(c(TRUE, FALSE), length.out = 5))
1

$x
[1] 12345

Sy
[1] Ilall |Ibl| llCll lldll Ilell

$z
[1] TRUE FALSE TRUE FALSE TRUE

df <- data.frame(1l)
df

z
TRUE
FALSE
TRUE
FALSE
TRUE

a b~ ownNBR
g b W N R X
D Q0O T 9K

str(df)

'data.frame': 5 obs. of 3 variables:
$ x: int 1 2 3 4 5

$ y: Chr Ilall Ilbll IICII |Idll .

$ z: logi TRUE FALSE TRUE FALSE TRUE
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Subsetting Data Frame

e In subsetting data frames the techniques of subsetting matrices
and lists are combined:

= If you subset with a single vector, it behaves as a list

= If you subset with two vectors, 1t behaves as a matrix

data.frame[[index]]
data.frame[index]
data.frame$name

data.frame[vector_1, vector_2]



Subsetting Data Frame: Example

# Like a list
df[[c("z")]1]

[1] TRUE FALSE TRUE FALSE TRUE

dffc("z")]

z
1 TRUE
2 FALSE
3 TRUE
4 FALSE
5 TRUE

df[C(IIXIII IIZII)]

X A
1 TRUE
2 FALSE
TRUE
4 FALSE
5 TRUE

a s~ ownNBR
w

# Like a matrix
df[,C(IIXIII IIZII)]

X z
1 TRUE
2 FALSE
TRUE
4 FALSE
5 TRUE

a b wNBRE
w

df[df$y - "b",]
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FALSE

X N

10



Building Data Frame

e rbind() (row bind) - appends a row to data frame
e cbind() (column bind) - appends a column to data frame

e Both require compatible sizes (number of rows/columns)

11



Adding Columns

« Recall that a column is just a vector.

rand <- rnorm(5)
rand

[1] 0©0.86807603 1.50856307 -0.01384957 0.29674365 0.20903501

df <- cbind(df, rand)
df

z rand
TRUE 0.86807603
FALSE 1.50856307
TRUE -0.01384957
FALSE 0.29674365
TRUE 0.20903501

a b wnNBRE
g b W N R X
D QO 0 T 99X

Or simply:

df$rand <- rand
df

z rand
TRUE ©0.86807603
FALSE 1.50856307
TRUE -0.01384957
FALSE 0.29674365
TRUE 0.20903501

a s~ ownNBR
a b~ W NPE X
D O 0O T 9K
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Adding Rows

Note that a row has to be a list as it contains different data types.

r <- list(6, letters[6], FALSE, rnorm(1))
-

[[1]]
[1] 6

[[2]]
[1] llfll

[[3]1]
[1] FALSE

[[4]]
[1] 0.1831781

df <- rbind(df, r)

df

Xy z rand
11 a TRUE 0.86807603
2 2 b FALSE 1.50856307
3 3 c TRUE -0.01384957
4 4 d FALSE 0.29674365
55 e TRUE 0.20903501
6 6 f FALSE 0.18317815
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Beyond Data Frames




Revisiting Assignment

In R creating (binding) another name (alias) to an object does not create a copy of the
object.

Instead, it creates another name for the same object.

dfl <- data.frame(A = c(1, 3, 5), B = c(2, 4, 6))
dfi

N R
g wRr >

o N

# We can use tracemem() function to trace the memory address of an object
tracemem(df1)

[1] "<Ox63f48eb80e78>"
df2 <- df1
tracemem(df2)

[1] "<0x63f48eb80e78>"

15


http://127.0.0.1:7423/06_lecture_data_r.html?print-pdf
http://127.0.0.1:7423/06_lecture_data_r.html?print-pdf
http://127.0.0.1:7423/06_lecture_data_r.html?print-pdf
http://127.0.0.1:7423/06_lecture_data_r.html?print-pdf
http://127.0.0.1:7423/06_lecture_data_r.html?print-pdf
http://127.0.0.1:7423/06_lecture_data_r.html?print-pdf
http://127.0.0.1:7423/06_lecture_data_r.html?print-pdf
http://127.0.0.1:7423/06_lecture_data_r.html?print-pdf
http://127.0.0.1:7423/06_lecture_data_r.html?print-pdf
http://127.0.0.1:7423/06_lecture_data_r.html?print-pdf
http://127.0.0.1:7423/06_lecture_data_r.html?print-pdf
http://127.0.0.1:7423/06_lecture_data_r.html?print-pdf
http://127.0.0.1:7423/06_lecture_data_r.html?print-pdf
http://127.0.0.1:7423/06_lecture_data_r.html?print-pdf
http://127.0.0.1:7423/06_lecture_data_r.html?print-pdf
http://127.0.0.1:7423/06_lecture_data_r.html?print-pdf
http://127.0.0.1:7423/06_lecture_data_r.html?print-pdf
http://127.0.0.1:7423/06_lecture_data_r.html?print-pdf

Copy-on-modify Semantics

« When an object is modified, R creates a copy of the object and modifies the copy.

« The original object remains unchanged.

« Another way to think about this is that R objects are immutable.

tracemem(df1)

[1] "<Ox63f48eb80e78>"
tracemem(df2)

[1] "<Ox63f48eb80e78>"

df2$C <- c(7, 8, 9)

dfi df2

A B ABC

112 1127

234 2348

356 35609
tracemem(df1) tracemem(df2)

[1] "<0x63f48eb80e78>" [1] "<0Ox63f48b0O5Fe38>"

16
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Data Frame Limitations

 While very versatile (and available out-of-the-box) data frames
have their drawbacks:

» Individual cells (observations) cannot themselves be lists;

= Somewhat limited (and inconsistent) data manipulation
functions;

» Memory ineflicient (copy-on-modify semantics);

= No parallelisation.

17



Data Frame Alternatives

e Two major alternatives to/enhanced versions of data frames are:

» tibble from tibble package (part of tidyverse package
ecosystem)

» data.table from data.table

e tibble provides features enhancing user experience
(readability, ease of manipulation)

e data.table provides speed

18



Data Table - Fast Data Frame

As opposed to data frames, data tables are updated by reference.

This frees up a lot of RAM for big data!

It provides low-level parallelism.

SQL-like operations for data manipulation.

« Has no external dependencies (other than base R itself).

library("data.table")

dt <- data.table::data.table(
1:4,

<
Il

s tat, tr, teY, et
z = c(TRUE, FALSE, FALSE, TRUE)
)

dt
X y z
<int> <char> <lgcl>
1: 1 a TRUE
2: 2 b FALSE
3: 3 c FALSE
4: 4 d TRUE

19
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Data Table: Example

« The syntax of data.table() might be a bit confusing at first.

‘ dt[, z]

[1] TRUE FALSE FALSE TRUE

1 del, . (2)]
Z
<lgcl>
1:  TRUE
2: FALSE
3: FALSE
4:  TRUE
dt[, .(x, z)]
X Z
<int> <lgcl>
1: 1 TRUE
2: 2 FALSE
3; 3 FALSE
4 4  TRUE
dt[y == "b",]
X Y Z

<int> <char> <lgcl>
1: 2 b FALSE
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tidyverse packages

« tidyverse package ecosystem - rich collection of data science packages.
« Designed with consistent interfaces and generally higher usability than base R function.

« Notable packages:

= readr - data input/output (also readx1 for spreadsheets, haven for SPSS/Stata)

dplyr - data manipulation (also tidyr for pivoting)

ggp Lot2 - data visualisation

Llubridate - working with dates and time

tibble - enhanced data frame

21


https://www.tidyverse.org/

Tibble - User-friendly Data Frame

Tibbles are designed to be backward compatible with base R data frames.

Console printing of tibbles is cleaner (prettified, only first 10 rows by default).

Tibbles can have columns that themselves contain lists as elements.

Seamless integration with the tidyverse ecosystem.

library("tibble")

X 1:4,
C("a", lle, "C", lldll)’

tb <- tibble::tibble(
= c(TRUE, FALSE, FALSE, TRUE)

V4

)

tb
# A tibble: 4 x 3
Xy z

<int> <chr> <lgl>
1 1 a TRUE
2 2 b FALSE
3 3 cC FALSE
4 4 d TRUE
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Tibble: Example

« Tibbles work (mostly) like data frames

str(th)

tibble [4 x 3] (S3: tbl_df/tbl/data.frame)
$ x: int [1:4] 1 2 3 4

$ y: Chr [1:4] llall llbll llCll Ildll

$ z: logi [1:4] TRUE FALSE FALSE TRUE

dim(tb)
[1] 4 3
tb[C(”X", llzll)]

# A tibble: 4 x 2
X z
<int> <1gl>
1 TRUE
2 FALSE
3 FALSE
4 TRUE

A WODNBRE

tb[tb$y == "b", ]

# A tibble: 1 x 3
Xy z
<int> <chr> <lgl>
1 2 b FALSE

23
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Data Manipulation




Data Wrangling




Data Manipulation With dplyr

e dplyr - 1is one of the core packages for data manipulation in tidyverse
« Its principal functions are:

= filter() - subset rows from data

mutate() - add new/modify existing variables

rename () - rename existing variable

select() - subset columns from data

arrange( ) - order data by some variable

« For data summary:
= group_by() - aggregate data by some variable

= summarise( ) - create a summary of aggregated variables

library("dplyr")

26
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dplyr: Subsetting

dplyr::filter(tb, y == 'b', z == FALSE)

# A tibble: 1 x 3
Xy z
<int> <chr> <lgl1>
1 2 b FALSE

# Note that dplyr functions do not require enquoted variable names
dplyr::select(tb, x, z)

# A tibble: 4 x 2
X z

<int> <lgl>
1 TRUE
2 FALSE
3 FALSE
4 TRUE

A WODN PR
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dplyr: Modifying Columns

# Data is not modified in-place, you need to re-assign the results
tb <- dplyr::mutate(tb, rand = rnorm(4))

tb
# A tibble: 4 x 4
Xy z rand
<int> <chr> <lgl> <dbl>
1 1 a TRUE 0.151
2 2 b FALSE 1.89
3 3 cC FALSE -0.710
4 4 d TRUE -0.0344

‘ tb <- dplyr::rename(tb, random rand)

# We can also use helpful tidyselect functions for more complex rules
dplyr::select(thb, tidyselect::starts with('r'))

# A tibble: 4 x 1
random
<db1>

1 0.151

2 1.89

3 -0.710

4 -0.0344
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%>% Operator

Users of tidyverse packages are encouraged to use pipe operator %>%.

It allows to chain data transformations without creating intermediate variables.

It passes the result of the previous operation as a first first argument to the next.

<result> <- <input> %>%
<function_name>(., arg_1, arg_2, ..., arg.n)

<result> <- <input> %>%
<function_name>(arg_1, arg_2, ..., arg.n)

Base R now also includes its own pipe operator |> but it is still not used as widely.

29



%>% Operator: Example

tb
# A tibble: 4 x 4
X Yy z random
<int> <chr> <l1gl> <db1>
1 1 a TRUE 0.151
2 2 b FALSE 1.89
3 3 C FALSE -0.710
4 4 d TRUE -0.0344
tb <- tb %>%
dplyr::mutate(random2 = rnorm(4)) %>%
dplyr::filter(z == FALSE)
tb
# A tibble: 2 x 5
Xy Z random random?2
<int> <chr> <1gl> <dbl> <db1>
1 2 b FALSE 1.89 -1.64

2 3 C FALSE -0.710 -0.0642
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%>% Vs |> Operator

e Since R version 4.1.0, there 1s a built-in | > (pipe) operator.

# Pipe %>% can also be used with non-dplyr functions
# Analogous to tb$x %>% [ (2)
th$x %>% .[2]

[1] 3

# Base R pipe operator |> is more restrictive

# E.g. th$x |> [ (2) doesn't work

# As well as other functions that act as infix operators
tb |> nrow()

[1] 2
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Pivoting Data

« Sometimes you want to pivot you data by:
= Spreading some variable across columns (tidyr: :pivot_wider())

= Gathering some columns in a variable pair (tidyr::pivot_longer())

county lyearkey | value | countr |year | cases popultion

Afghanistan 1999 cases 745 19987071 | country | year | cases | EEEEE
Afghanistan 1999 population 19987071 20595360 Afghanistan 1999 745 i TSt sl 2666
Afghanistan 2000  cases 2666 il 37 172006362 Afghanistan 2000 2666 4= Brazil 37737 80488
Afghanistan 2000 population 20595360 / 80, 174504898 Brazil 1999 37737M 213766
Brazil 1999 cases 37737 B 1272915272 Brazil 2000 80488 :y

Brazil 1999 population 172006362 ) 213768, 1280428583 China 1999 212258

Brazil 2000 cases 80488 China 2000 213766 table4

Brazil 2000 population 174504898

China 1999 cases 212258

China 1999 population 1272915272

China 2000 cases 213766 .

China 2000 population 1280428583 prOt longer()

table2

pivot_wider()
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Pivoting Data: Example

tb2 <- tibble::tibble(
country = c("Afghanistan", "Brazil"),
"1999° = c(745, 2666),
"2000° = c(37737, 80488)

)
th2
# A tibble: 2 x 3
country "1999° "2000°
<chr> <dbl> <dbl>
1 Afghanistan 745 37737
2 Brazil 2666 80488

th2 <- th2 %>%
# Note that pivoting functions come 'tidyr' package
tidyr::pivot_longer(
cols = c("1999", "2000"),

names_to = "year",
values_to = '"cases"
)
tb2
# A tibble: 4 x 3
country year cases
<chr> <chr> <dbl>
1 Afghanistan 1999 745
2 Afghanistan 2000 37737
3 Brazil 1999 2666
4 Brazil 2000 80488

th2 <- tbh2 %>%
tidyr::pivot_wider(names_from = "year", values_from = "cases")
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th2

# A tibble: 2 x 3

country
<chr>
1 Afghanistan
2 Brazil

"1999° "2000°
<dbl> <dbl>
745 37737
2666 80488
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Data 1/0




Data Formats

Format Readability Platform Speed Compression Persistence

CSV ¢ Human- 7 Cross- X X No «/ Long-
readable platform Slow term

rds X Binary X R only 4 « Yes «/ Long-
Fast term

pickle X Binary X Python only ¢/ ¢ Yes «/ Long-
Fast term

parquet X Binary 7 Cross- 4 « Yes «/ Long-
platform Fast term

feather ¥ Binary «/ Cross- / « Yes X Short-
platform Fast term
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Data I/0 in R



Data In: Example

# We are skipping the first row as this dataset has

# a composite header of 2 rows (variable name,
kaggle2022 <- readr::read_csv(

'../data/kaggle_survey_2022_responses.csv',

skip = 1
)

head(kaggle2022[,1:10])

# A tibble: 6 x 10
"Duration (in seconds)

question)

"What is your age (# years)? What is your gender? -..%

or

or

or

completed data
completed data

completed data

<db1l> <chr>
1 121 30-34
2 462 30-34
3 293 18-21
4 851 55-59
5 232 45-49
6 277 18-21
#
#
# "Are you currently a student? (high school,
# "0On which platforms have you begun
Choice - Coursera’ <chr>,
# "0On which platforms have you begun
Choice - edX  <chr>,
# "0On which platforms have you begun
Choice - Kaggle Learn Courses <chr>,
# "0On which platforms have you begun

Choice - DataCamp  <chr>,

or

completed data

<chr>
Man
Man
Man
Man
Man
wWoman

i abbreviated name: 1 What is your gender? - Selected Choice’
i 7 more variables: "In which country do you currently reside?” <chr>,
university, or graduate)’ <chr>,

science

science

science

science

courses? (Select
courses? (Select
courses? (Select

courses? (Select

all that

all that

all that

all that

apply)
apply)
apply)

apply)

Selected

Selected

Selected

Selected
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Summarizing Numeric Variables

# Note that summary() gives summary for all variable types by default
summary(kaggle2022[,1:10])

Duration (in seconds) What is your age (# years)?

Min. : 120 Length:23997

1st Qu.: 264 Class :character
Median : 414 Mode :character
Mean : 10090

3rd Qu.: 715

Max . : 2533678

What 1is your gender? - Selected Choice
Length:23997

Class :character

Mode :character
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Summarizing Categorical Variables

table(kaggle2022[3])

What is your gender? - Selected Choice

Man Nonbinary Prefer not to say

18266 78 334
Prefer to self-describe Woman
33 5286

# Wrapping table() output inside prop.table()
# gives proportions of each category
prop.table(table(kaggle2022[3]))

What 1is your gender? - Selected Choice

Man Nonbinary Prefer not to say

0.761178481 0.003250406 0.013918406
Prefer to self-describe Woman
0.001375172 0.220277535

# Wrapping it inside sort() gives value sorting,
# as opposed to alphabetic (or de facto levels)
sort(table(kaggle2022[3]), decreasing = TRUE)[1]

Man
18266
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Data Out: Example

[1]
[3]
[5]
[7]
[9]
[11]
[13]
[15]
[17]
[19]
[21]

readr::write_csv(kaggle2022,

'../temp/kaggle_survey_2022_responses.csv')

# dir() function lists files/directories in a directory

dir("../temp")

"11 week.html"

"11 _week.gmd"
"airbnb_dublin.csv"
"assignment_1_2024-25"
"assignment_1.zip"
"df.csv"
"header_test.pdf"
"header_test.R"
"kaggle2021.csv"
"others"
"testing_assignment_4.ipynb"

"11_week.ipynb"
"12_week.ipynb"
"assignment_1"
"assignment_1_2024-25.zip"
"cover_sheets"
"header_test.ipynb"
"header_test.gmd"
"kaggle_survey_2022_responses.csv"
"latinl.py"

"test.txt"
"Untitled.ipynb"
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Next

e Tutorial: Working with data in R

e Assignment 2: Due at 12:00 on Monday, 21st October
(submission on Blackboard)

e Next week: Reading week
e After reading week: Python -
e Lecture: 11:00 on Tuesday, 29th October 1n 2.57 D’Olier Street
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