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Darragh Duffy
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RStudio set-up &
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Data Visualization
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Etienne Villain
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Statistical tests (NHST)
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Statistical tests (NHST)
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Lecture: Transcriptional
gene regulation & SES
effects

Anthony Bertrand

Break

Linear models
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Linear models

Break
Linear models

End of workshop
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Data import with the tidyverse

Read Tabular Data with readr

read_*(file, col_names =TRUE, col_types = NULL, col_select = NULL, id =NULL, locale, n_max = Inf,
skip=0, na=c("", "NA"), guess_max = min(1000, n_max), show_col_types = TRUE) See ?read_delim

AB|C A —> nﬂﬂ

il 2% B
1213 4 5 NA
4[5|NA

read_delim("file.txt", delim = "|") Read files with any delimiter. If no
delimiter is specified, it will automatically guess.
To make file.xt, run: write_file("A|B|C\n 1|2|3\n4|5|NA", file = "file.od”

100y — ENCIER
123 "

4.5,NA

read_csv("file.csv") Read a comma delimited file with period
decimal marks.

5 NA write_file("A,B,C\n1,2,3\n4,5NA", file="file

el ENEREE  read_csv2("file2.csv") Read semicolon delimited files with comma
AB;C — :
yat 15 2 8  decimal marks.
e 45 5 NA  yrite_file("a;B;C\nl
4,5:5;NA

NA" file="file2

"A G ; FYIEEEEEE  read_tsv("file.tsv") Read a tab delimited file. Also read_table().

123 R 0e read fwf("flle tsv" fwf WIdths(c(Z 2 NA))) Read a fixed width file.
4 5 NA write_file"A\tB\tC\n 1} 4\ 1", file = "file )
45 NA
e
A B € Noheader EBFIEl  Skiplines
1 2 '8 read_csv("filecsy”, col_names = FALSE) 4 5 Na read_csv('file.csv', skip=1)
4 5 NA
PV Read asubsetoflines
EENAEN Provide header 1023 read_csv('file.csv’ n_max=1)
sl e read_csv("file.csv",
16 129 kg col_names = c( LR o ) INEEIEE Readvalues as missing
4 5 NA NA 2 3 read_csv("file.csv', na=c("1"))
4 5 NA

‘ ~  mmm Read multiple files into asingle table
H s read_csv(c(“fl.csv”, “f2.csv”, “f3.csv"),
id = "origin_file")

N Specify decimal marks
read_delim({"fileZ.csv", locale =
Iocale(deamal_mark =""))

Save Data with readr

write_*(x, file, na= "NA", append, col_names, quote, escape, eol, num_threads, progress)

write_delim(x, file, delim ="") Write files with any delimiter.

o
o [,

A5 FE A 123 write_csv(x, file) Write a comma delimited file.
4,5,NA write_csv2(x, file) Write a semicolon delimited file.

write_tsv(x, file) Write a tab delimited file.

== posit

CHEATSHEET

One of thefirst steps ofa project is to import
outside data into R. Data is often stored in
tabular formats, like csv files or spreadsheets.

OTHER TYPES OF DATA

Try one of the following

packages to import other types of files:
haven - SPSS, Stata, and SAS files
DBI - databases

jsonlite - json

+  xml2- XML

+ httr - Web APIs

+ rvest- HTML (Web Scraping)

« readr:read_lines() - text data

The front page of this sheet shows .
how to import and save text files into .
Rusing readr. .

=)
readr
=

The back page shows how toimport
spreadsheet data from Excel files
using readxl or Google Sheets using
googlesheets4.

Column Specification with readr

Column specifications define what data type each
column of a file will be imported as. By default
readr will generate a column spec when a file is
read and output a summary.

USEFUL COLUMN ARGUMENTS

Hide col spec message
read_"(file, show_col_types = FALSE)

spec(x) Extract the full column specification for

Select columns to import
the given imported data frame. 555

Use names, position, or selection helpers.
[ read_"(file, =

specix) read_"(file, col_select= c(age, earn))
# cols(
# age = col_integer()

= % i age isan
edu = col_character(), integer

#
# earn = col_double()
#

)
earnis adouble (numeric)

COLUMN TYPES

Each column type has a function and
corresponding string abbreviation.

Guess column types

To guess a column type, read_ *() looks at the
first 1000 rows of data. Increase with guess_max.
read_"(file, guess_max = Inf)

DEFINE COLUMN SPECIFICATION

Set a default type
II Al LJ l J\W

::: ::f;;:lr(()) nl i | col I type = list({.default= col _double())
::::::‘:bl:fr)() . ?n » USE COIHMH type or string abbreviation
col_character() - "c" d

col_factor(levels, ordered = FALSE) - "f"
col_datetime(format="") - "T" \
col_date(format="")-"D"
col_time(format ="") - "t"
col_skip() - "-","_"
col_guess() - "?"

be = list(x =col_double(),y="1",

-
[
i

Usea smgle string of abbreviations
; pss, integer, logical, character
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Import Spreadsheets

~ \‘
b

with readxl!

READ EXCEL FILES

| [AlBlC|DIE]

Flx1 x2 x3 x4 x5 EEEHE

2 " z 8 —3p x NA z 8 NA

By 7 9 10 y 7 NA 9 10
s1

read_excel(path, sheet= NULL, range = NULL)
Read a .xls or .xlsx file based on the file extension.
Seefront page for more read arguments. Also
read_xls() and read_xlsx().
read_excel("excel_file.xlsx")

READ SHEETS
|A[B[C|D[E read_excel(path, sheet =
NULL) Specify which sheet
toread by position or name.
ERes  c0-oclpathsheet-])
excel_sheets(path) Get a
s1 s2 s3 vector of sheet names.
excel_sheets("excel_filexlsx")
alB[c|D[E] Toread multiple sheets:
[A|B]C|D|E| 1. Get avector of sheet
CAlB|CIDIE| names from the file path.
E 2. Set the vector names to
be the sheet names.
s1 3. Use purrrzmap()and
st 2N purrr::list_rbind() to read

multiple files into one
ath = "your_file_path.xlsx" data frame.

xcel, path = path) |

OTHER USEFUL EXCEL PACKAGES

For functions to write data to Excel files, see:
+ openxlsx
« writexl

For working with non-tabular Excel data, see:
« tidyxl

readxl

READXL COLUMN SPECIFICATION

Column specifications define what data type
each column of a file will be imported as.

Use the col_types argument of read_excel() to
set the column specification.

Guess column types

To guess a column type, read_ excel() looks at
the first 1000 rows of data. Increase with the
guess_max argument.

read_excel(path, guess_max = Inf)

Set all columns to same type, e.g. character
read_excel(path, col_types ="text")

Set each column individually
read_excel(

types = c("text", "gues "numeric")

)
COLUMN TYPES
| logical [numeric| text | date | list |

TRUE 2 hello  1947-01-08  hello
FALSE 345  word 1956-10-21 1

» skip + logical + date

+ guess + numeric « list

« text

Use list for columns that include multiple data
types. See tidyr and purrr for list-column data.

with googlesheets4

READ SHEETS

| _lalB|c|D]E]
Flx1 X2 X3 x4 x5 1 [ x2[x3[x4]x5]
[ 2 B z 8 —3» x NA z 8 NA

By 7 9 10
s1

y 7 NA 9 10

read_sheet(ss, sheet=NULL, range =NULL)
Read a sheet from a URL, a Sheet ID, ora dribble
from the googledrive package. See front page for
more read arguments. Same asrange_read().

URLSs are in the form:
https://docs.google.com/spreadsheets/d/
SPREADSHEET_ID/edit#gid=SHEET_ID

gs4_get(ss) Get spreadsheet meta data.
gs4_find(...) Get data on all spreadsheet files.

sheet_properties(ss) Get a tibble of properties
for each worksheet. Also sheet_names().

WRITE SHEETS
[N write_sheet(data, ss =
1/x 4 JFl1 x4 NULL sheet=NULL)
2y 5 S: v : Write a data frame into a
iiziie l]i new or existing Sheet.
gs4_create(name, ...,
| |a[B|c|D] sheets = NULL) Create a

new Sheet with a vector
2] of names, a data frame,
or a (named) list of data
frames.

sheet_append(ss, data,
sheet = 1) Add rows to
the end of a worksheet.

CELL SPECIFICATION FOR READXL AND GOOGLESHEETS4

Use the range argument of readxl::read_excel() or
googlesheetsa::read_sheet() to read a subset of cells from a

[ |alB|c|D|E] sheet.
RN 2 (3[4 5 o R read _e
2P |v|z] NA y z read
Fle7 910

s1

Sheetl!B1:D2")
1:02")

Also use the range argument with cell specification functions

cell_limits(), cell_rows(), cell_cols(), and anchored().

\

googlesheets §

GOOGLESHEETS4 COLUMN SPECIFICATION

Column specifications define what data type
each column of a file will be imported as.

Use the col_types argument of read_sheet()/
range_read() to set the column specification.

Guess column types

To guess a column type read_sheet()/
range_read() looks at the first 1000 rows of data.
Increase with guess_max.

read_sheet(path, guess_max = Inf)

Set all columns to same type, e.g. character
read_sheet(path, col_types="c")

ical, character

COLUMN TYPES

s Y [ Y o -y P
TRUE 2 hello  1947-01-08  hello

FALSE 345  word 1956-10-21 1

« skip-"_"or"-" . date-"D"

« guess-"7" « datetime-"T"

+ logical - "I" + character -"c"

« integer - "i" + list-column - "L"
+ double-"d" «+ cell-"C" Returns

« numeric-"n" list of raw cell data.

Use list for columns thatinclude multiple data
types. See tidyr and purrr for list-column data.

FILE LEVEL OPERATIONS

googlesheets4 also offers ways to modify other
aspects of Sheets (e.g. freeze rows, set column
width, manage (work)sheets). Go to
googlesheets4.tidyverse.org to read more.

Forwhole-file operations (e.g. renaming, sharing,
placing within a folder), see the tidyverse
package googledrive at
googledrive.tidyverse.org.

°
osit
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Data transformation with dplyr

dplyr functions work with pipes and expect tidy data. In tidy data:

T‘.? b

-+ i
Yy * > W
Eachwvariableisin Each observation, or x> f(y)

its own column case, isinits ownrow  becomes f(x,y)

wd.

Apply summary functions to columns to create a new table of
summary statistics. Summary functions take vectors asinput and
return one value (see back).

summary function
summarize(.data, ...)

Compute table ofsummaries
mtca > summarizela '7[T|Gr'l1'[]|[ I||

count(.data, ..., wt=NULL, sort= FALSE, name =
NULL) Count number of rows in each group defined
»>u by the variables in ... Also tally(), add_count(),
w add_tally().

mtcars |> count(cyl)

Use group_by(.data, ..., .add = FALSE, .drop= TRUE) to create a
"grouped" copy of a table grouped by columnsin ... dplyr
functions will manipulate each "group" separately and combine
the results.

1] O SO
| | I =mean(mpg))

Use rowwise(.data, ...) to group data into individual rows. dplyr
functions will compute results for each row. Also apply functions
to list-columns. See tidyr cheat sheet for list-column workflow.

_count = lengthifilms))

..) Returns ungrouped copy of table.
mtcars > group_bylcyl)
ungrouplg_mtcars)

== posit

EXTRACT CASES

Row functions return a subset of rows as a new table.

""" filter(.data, ..., .preserve = FALSE) Extract rows
that meet logical criteria.
mtcars [= filterimpg = 20)
‘ distinct(.data, ..., .keep_all = FALSE) Remove
i rows with duplicate values.

mtcars [= distinctigear)

slice(.data, ...
by position.
mtcars > slice(10:15)

, .preserve = FALSE) Select rows

slice_sample(.data, ..., n, prop, weight_by =
NULL, replace = FALSE) Randomly select rows.
Use nto selecta number of rows and prop to
select a fraction of rows.

mtcars > slice_sample(n =5, replace = TRUE)

slice_min(.data, order_by, ..., n, prop,
with_ties= TRUE) and slice_max() Select rows
with the lowest and highest values.

mtcars [> slice_min{mpg, prop = 0.25)

slice_head(.data, ..., n, prop) and slice_tail()
Select the first or last rows.
mtcars > slice_head(n=15)

Logical and boolean operators to use with filter()

is.nal)  %in% | xor()
lis.na() ! &

See ?base::Logic and 2Comparison for help.

] < _—

1= > ==

ARRANGE CASES

arrange(.data, ..., .by_group= FALSE) Order
rows by values of a column or columns (low to
hlgh}, use wnth desc(] to order from high to low.

ADD CASES
.before = NULL, .after = NULL)

add_row(.data, ...,
Add one or more rows to a table.

-

cars [» add_row(speed =1, dist=1)

CHEATSHEET

EXTRACT VARIABLES

Column functions return a set of columns as a new vector or table.

pull(.data, var=-1, name = NULL, ...) Extract
- column values as a vector, by name or index.
mtcars = pullfwt)
e select(.data, ...) Extract columns as a table.

mtcars |> select (mpg, wt)

| mmm relocate(.data, ..., .before = NULL, .after = NULL)
2 Move columns to new position.
rtcars |> relocate(mpg, cyl, after =last_col())

Use these helpers with select() and across()
e.g. mtcars = selectimpg: cyl)

contains(match) num_range(prefix, range] L eg., mpg cyl
ends_with(match) all_of(x)/any_of(x, ..., vars) ! e.g. !gear
starts_with(match) matches(match) everything()

MANIPULATE MULTIPLE VARIABLES AT ONCE

df<- tibble(x_1=¢c(l, 2), x_2=¢f:

), v=1ci4, 5))

mmm across(.cols,.funs,...,.names = NULL) Summarize
= >
“H  or mutate multiple columns in the same way.

‘ df |> summarize{acrossieverything(), mean))
Bl c_across(.cols) Compute across columns in
*- row-wise data.
m ] df |:'
- I -1
mi otal = sum(c_across(1:2)))
MAKE NEW VARIABLES

Apply vectorized functions to columns. Vectorized functions take
vectors as input and return vectors of the same length as output

(see back). . -
vectorized function

mutate(.data, ..., .keep = "all", .before = NULL,

.after=NULL) Compute new column(s). Also
add column(]

v
-lli

eep ="none")

Hu®  rename(.data, ...) Rename columns. Use
el rename_with() to rename with a function.
mitcars [> rename(miles_per_gallon = mpg)

CC BY SA Posit Software, PBC « info@posit.co « positco « Learn more at dplyrtidyverse.org « HTML cheatsheets at pos.it/cheatsheets « dplyr 1.1.4 « Updated: 2024-05



Vectorized Functions

TO USE WITH MUTATE ()

mutate() applies vectorized functions to
columns to create new columns. Vectorized
functions take vectorsas input and return
vectors of the same length as output.

vectorized function

OFFSET

lag() - offset elements by 1
lead() - offset elements by -1

CUMULATIVE AGGREGATE

cumall() - cumulative all()
cumany() - cumulative any()
cummax() - cumulative max()
cummean() - cumulative mean()
cummin() - cumulative min()
cumprodS) - cumulative prod()
cumsum() - cumulative sum()

RANKING
| cume_dist() - proportion of all values <=
dense_rank() - rank w ties= min, no gaps
min_rank() - rank with ties = min
ntile() - binsinto n bins
percent_rank() - min_rank scaled to [0,1]
row_numbe r(s - rank with ties = "first"

MATH
+,-,* [, A, %[%, %% - arithmetic ops
log(), log2(), lozloﬁ) - logs )
<, <=,>, >=, I=,==- |ogical comparisons
between() - x>= left & x <=right
near() - safe == for floating point numbers
MISCELLANEOUS
case_when() - multi-case if_else()

|
coalesce() - first non-NA values by
element across a set of vectors
if_else() - element-wise if() + else()
na_if() - replace specific values with NA
pmaxS) - element-wise max()
pmin() - element-wise min()

== posit

Summary Functions

TO USE WITH SUMMARIZE ()

summarize() applies summary functionsto
columns to create a new table. Summary
functions take vectorsas input and return single
values as output.

summary function

COUNT
n() - number of values/rows
n_distinct() - # of uniques
sum(lis.na()) - # of non-NAs

POSITION
mean() - mean, also mean(!is.na())
median() - median

LOGICAL
mean() - proportion of TRUES
sum() - #of TRUEs

ORDER

first() - first value
last() - last value
nth() - value in nth location of vector

RANK

quantile() - nth quantile
min() - minimum value
max() - maximum value

SPREAD

IQR() - Inter-Quartile Range

mad() - median absolute deviation
sd() - standard deviation

var() - variance

Row Names

Tidy data does not use rownames, which store a
variable outside of the columns. To work with the
rownames, first move them into a column.

rownames_to_column()

e

anE oo column_to_rownames()
Ses ' 14 Move colinto row names
2 b "
T 3@ al|>column_to_rowname C
Also ©'has_rownames() and

remove_rownames().

Combine Tables

COMBINE VARIABLES

X y

[als]c] E|Flc] [ale|clelF]a]
atl L N . atlata
His T HEE blu2bu2
v dw 1l cv3idwil

bind_cols(..., .name_repair) Returns tables
placed side by side as a single table. Column
lengths must be equal. Columns will NOT be
matched by id (to do that look at Relational Data
below), so be sure to check that both tables are
ordered the way you want before binding.

RELATIONAL DATA

Use a "Mutating Join" to join one table to
columns from another, matching values with the
rows that they correspond to. Each join retains a

different combination of values from the tables.

suffix=c(".x", "y"), ..., keep =FALSE,
na_matches="na") Join matching
valuesfromyto x.

noEn  left_join(x, y, by = NULL, copy = FALSE,
T
cwv3

suffix=c(".x", "y"), ..., keep =FALSE,
na_matches="na") Join matching
valuesfromxtoy.

@D right_join(x, y, by = NULL, copy = FALSE,
1
-

OEET inner_join(x, y, by = NULL, copy = FALSE,

. o a2a Suffix=c("x","y"), ... keep =FALSE,
na_matches="na") Join data. Retain
only rows with matches.

2|

[ full_join(x, y, by = NULL, copy =FALSE,
suffix=c(".x", "y"), ..., keep =FALSE,
na_matches="na") Join data. Retain all
values, all rows.

L = |
£ze=0
Fuwwe=B

Hzww

COLUMN MATCHING FOR JOINS

OEATE  Use by=¢("coll","col2",...) to
e L 3.5 specifyoneormore common
u2w2
¢ v 3w columnsto matchon.
left_join(x,y, by="A")
WMEETT  Use a named vector, by =¢("coll" =
P Lie " "eol2"), to match on columns that
¢ v 3at havedifferent names in each table.
left_join(x,y, by=c("C"="D")
mmEmT Use suffix to specify the suffix to
o 22 a givetounmatched columns that
¢ w3 havethesame name inbothtables.

left_join|
suffix=

{'0"="D";

COMBINE CASES

atl

v 4wa bind_rows(..., .id=NULL)

- ~———— Returns tables one on top of the
[GEOAAAE otheras asingle table. Set.id to
*atl 3columnname toadd acolumn
x u 2 ¥oow

v« wa of the original table names (as
vwdwla pictured).

Use a "Filtering Join" to filter one table against
the rows of another.

X Y
alelc) als]o]
atl s .
buw2 1 bou2
cw 3 dw 1

[AE  semi_join(x, y, by =NULL, copy = FALSE,

') .- na_matches="na")Return rowsofx
that have a matchin y. Use to see what
will be includedin a join.

naE anti_join(x, y, by = NULL, copy = FALSE,

ew3 . na_matches="na") Return rows ofx
that do not have a match iny. Use to see
what will not be included in a join.

Use a "Nest Join" to inner join one table to
another into a nested data frame.

???m nest_join(x, y, by = NULL, copy =

b u 2 <tbblemai» TALSE, keep =FALSE, name =

e v 3 =wsleinzi= NULL,...) Join data, nesting
matches from y in a single new

data frame column.

SET OPERATIONS

e intersect(x,y, ...)
€¥3  Rows that appear inbothxandy.

setdiff(x,y,...)
Rows that appear inx but noty.

e~
- |

union(x, y, ...)

Rows that appear inxory,
duplicates removed). union_all()
retains duplicates.

Eresl 8@
g=ec -0
- |

Use setequal() to test whether two data sets
contain the exact same rows (in any order).
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Data tidying with tidyr : : CHEATSHEET

Tidy datais a way to organize tabulardatain a
consistent data structure across packages.
Atableis tidy if:

W B

Each variable is in
its own column

Each observation, or
case, is inits own row

alelc] n-f->
=] i
[ —>
= —>
Access variables Preserve casesin
as vectors vectorized operations

Tibbles

AN ENHANCED DATA FRAME
Tibbles are a table format provided
by the tibble package. They inherit the
data frame class, but have improved behaviors:

+ Subset a new tibble with], a vector with [[ and §.
+ No partial matching when subsetting columns.
- Display concise views of the data on one screen.

options(tibble.print_max = n, tibble.print_min=m,
tibble.width = Inf) Control default display settings.

View() or glimpse() View the entire data set.

CONSTRUCTATIBBLE

tibble(...) Construct by columns.

tibble y=¢("a","b","c") Both make
this tibbl

tribble(...) Construct by rows. s

tribble(~x, ~y,

as_tibble(x, ...) Convert a data frameto a tibble.
enframe(x, name = "name", value = "value")

Convert a named vector to a tibble. Also deframe().

is_tibble(x) Test whether xis a tibble.

== posit

R 2S5 h d p e D a t d -Pivotdata to reorganize values into a new layout.

ble4
| country | B [ country | year | cases |

A 07K 2K A 07K
B 37K BOK = B 37K
c 212K 213K C 212K
A E 2K
- 2000 -1
c EM 213k
A 999 0.7K > A 1998 07K 18M
A 1999 [T 1M A 2000 2K | 20M
A 2000 2K B 1993 37K 172M
A 2000 FETH 20M B 2000 80K [174M
B 1999 3K C 1999 212K | 1T
CERECEY pop [RFET C 2000 213K 1T
B 2000 80K
8 2000 TN 17am
c 1999 212K
[oBRT"] pop [EEES
C 2000 213K
c 2000 TN AT

pivot_longer(data, cols, names_to ="name",
values_to ="value", values_drop_na = FALSE)
"Lengthen" data by collapsing several columns
into two. Column names move to a new
names_to column and values to a new values_to
column.

3, cols =2:3, names_to="year’,

pivot_wider(data, names_from = "name",
values_from = "value")

The inverse of pivot_longer(). "Widen" data by
expanding two columns into several. One column
provides the new column names, the other the
values.

Expand
Tables

Create new combinations of variables or identify
implicit missing values (combinations of
variables not present in the data).

e ? I‘l\l@ expand(data,...) Create a

8 1 4 > & 2 newtibblewith all possible

2 S, combinations of the values
of the variables listed in ...
Drop other variables.
expand(mtcars, cyl, gear,
carb)

1 A complete(data, .., fill=
Q : 2": ; . list()) Add missing possible
Bifal & 5 & combinations of values of

variables listed in ... Fill
remaining variables with NA.
complete(mtcars, cyl, gear,

carb)

S p l | t C e l lS - Use these functions to split or combine cellsinto individual, isolated values.

[ country | year |
A 19 A 19
A 20 — A 20
B 19 B 19
B 20 B 20
bl
[country | year | rate [ country] year | pop |
A 1999 0.7K/ A 1989 07K
A 200 2K/ —» A 2000 2K
B 1999 37K/ B 1999 37K
B 2000 80K/ B 2000 80K
| country | year | _rate |
bl A 1999 07K
[country | year | rate | A 19
A 1999 07K/ A 2000 2K
A 2000 2K/ - A 2000
B 1999 37K/ B 1999 37K
B 2000 80K/ 8 190
B 2000 80K
B 2000
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unite(data, col, ..., sep="_", remove = TRUE,
na.rm = FALSE) Collapse cells across several
columns into asingle column.

ep=""

unite(tables, century, year, col = "year", s

separate_wider_delim(data, cols, delim, ...,
names = NULL, names_sep = NULL, names_repair =
"check unique",too_few,too_many, cols_remove =
TRUE) Separate each cell in a column into several
columns. Also separate_wider_regex() and
separate_wider_position().

separate_longer_delim(data, cols, delim, ..,
width, keep_eampty) Separate each cell in a
columninto several rows.

separate_longer_delim{table3, rate, sep="/")

Handle Missing Values

Drop or replace explicit missing values (NA).

[ x1 | x2 | ESNES drop_na(data, ...) Drop
Rl 0F -3 A 1 .. s e
8 o 3 rowscontaining NAsin ...
c
o7 I columns.

Bl N drop_naix, x2)

[ x1 | x2 | EmEa  fill(data, ..., (direction =
N, RN s e e
8 B 1 down") Fillin NAsin ...
[+ B 1 H
i ] colmlnns using the next or
£ E 3 previous value.

fill(x, x2)

I::l I:,i‘l!f! replace_na(data, replace)
B = Specify a valueto replace
(4] = 2 H
N o NAin selected columns.

E B 2 replace_na(x, lis =2))
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GENERAL WORKSHOP PRINCIPLES

File Edit Code View Plots Session Bulld Debug Profle Tools Help rstudio (3 @

-opar- @ A Cotofle/funcion - Addins - 2 project: (None)
o Density Pota Environment  History  Connections  Tutorial

Sourceonsave Q' - 2 (4 7% import Daset - %225 MiB - | &
Library(ggplot2) R - | Global Environment ~
theme_set(thene_classic()) =

04 List of 9

T
2
3
4 B Pl

5 g < goplot(mg, ces(cty))

6 g + geom_density(ges(fill=factor(cyl)), alpha=0.8) +
2 &

s

9

0

1

abs(title-"ensity plot”,
itle-"City Mileage Grouped by Number of cylinders”,
g, Files Plots Packages Help Viewer =
seccity M lsage oom -3 Export - % publish
Fill="# Cylinders™)| Pz Expor - (O o % publish
Density plot
City Mileage Grouped by Number of cylinders

1127 (lop Leve) =

RE #Cylinders
. S
b theme_set(theme_classicO)

b Plot

b o < aoplotcmg, aesccty)

I o + geon_ensityCaescili=factorceyld), alpha=0.8) +

labs(title="pensity plot”,

subtitle="City Mileage Grouped by Number of cylinders”,
caption="Source: mpg",
x="City Mileage", 20 25
FILL="2 Cylinders™) City Mileage

Topic Introduction Cookbook Application
Overview R Recipes to MI Datasets
Synthetic Data
Use case




DATA WRANGLING OBJECTIVES

Subset Variables (Columns) Make New Variables

Subset Observations (Rows)

e == e

select() mutate()

Group by rows

BN, N = ->
I [ -

- - group_by()

summarize()




TIDY DATA
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